Units. Physical Quantities and Vectors 



IDENTIFY: Convert units fn>m mi to km and from km to ft. 

SET Up: 1 in.^2.54 cm. I km - 1X0m , 12 in. - I ft . 1 mi - 5280 ft . 

.. ( 5280 «¥ 12 in. V 2.54 an V I in V I km 

Execute: <a> 1.00 m-<1.00 im)- - - - - 

l I nu II I ft II I in. II 10 * cm A 10 m 


.61 km 


(b> 1.00 km -<1.00 km I 


10' m¥ltf 


JJfl—Y-UL 1 !, 1 . 28 x 10 ' 
54 cm A 12 in J 


Evaluate: A mile is a greater distance than a kilometer. There an: 5280 ft in a mile hut only 3200 ft in a km 
Identify : Convert volume units from L to in.’. 

SET Up: 1 L - 1000 cm*. 1 in. - 2.54 cm 


Execute: 


0.473 Lx l,X,,Cm " n a28.9 in. 1 . 
I L M 2.54 cm / 


Evaluate: 1 xn. is greater than 1 cm . so the volunx in m. is a smaller number than tlx volume in cm*, 
which is 473 cm*. 

Identify: We know the speed of light in m s. i-d/v. Convert 1.00 ft to m and / from s to ns. 

SET UP: The speed of light b v - 3.00 x 10* ms .1ft- 0.3048 m . I s - 10* m . 

Execute: i - " "' lN — 1.02 -10 ‘ -1.021* 

3.00x1 O’ m i 

Evaluate: In I.OOilighltravch 3.00-10 1 3.00x10“ km -1.86< 10' mi 

IDI.M1FY: Convert tlx units from g to kg are! from cm* to m*. 

SET UP: 1 kg = 1CX0 g. 1 m - KMX) cm . 

Execute: 113 JL.(“2f^V = 1.13 * 10* 2* 

cm \\ 000 g) { Im ) m 

EVALUATE: The ratio that converts cm to m is cubed. because we need to convert cm* to m . 

IDI.M1FY: Convert volume units from in. ’ to L. 

Set Up: 1 L = 1000cm*. 1 in.^.2.54 cm. 

Execute: (327 in. J )x(2.54 cm/in )*x(l L/IOQO cm*5.36 L 

Ev aluate: The volume is 53^0 cm’. 1 cm' is less than 1 in.‘. so the volume in cm' is a larger number than the 
volume in in. . 

Idi.n I1FY: Convert ft' to m’ and then to hectares. 

SET UP: LOO hectare - LQQx 10* m \ 1 ft - 0.3048 m. 


EXECUTE: The area is (12.0 acres l 


43.600 ft' | 0.3048 m 1.00 hectare 

i acre * LOO ft 1.00*10* m 


-4.86 hectares 


Evaluate: Since I ft -0.3048 m. I ft*’ - (0.3048)*' m*. 

IDF.M1FY: Convert seconds to years. 

Set Lp: I bilboa second* -1-10' * I day - 24 h I h - 3600 *. 
Execute: 1.00billion sxond*-(1.00-10' s)[ —— II || —! 

11 IT II All 11 IT P 


3600 sA -4 h R .365 days 


31.7 v 





Evaluate: The conversion 1 y - 3.156 x 10 s assumes 1 y - 365.24 d. which is the average for one extra day 
every four year*, in leap yean. Tt*: problem say* instead to assume a 365 day year. 

8. IDEMITY: Apply the given conversion factor*. 

SET UP: 1 furlong - 0.1250 mi and 1 fort night -14 da>* 1 day - 24 h. 

. . . Y 0.125 mi \( 1 fortnight it' 1 dav^ 

I^CCTE: ( 180.000 furions./lormiBhl)(|l, Mb') = 67 ™ h 

EVALUATE: A furlong i.* krs* than a mile and a fortnight x* many boms. so the speed linul in mph is a much 
smaller number. 

,9. IDENTIFY: Cemvert miles gallon to km U. 

Set UP: 1 mi - 1.609 km 1 gallon - 3.788 L. 


EXECUTE: <u> 55.0 mik» gallon - (55.0 miks gallon i 


1.609 km 


^ -23.4 km L 


(b) The volume of ua* required i* —— M1 ‘ - 64.1 L . — * -1.4 tanks . 

23.4 km L 45 L tank 

EVALUATE: 1 mi gal - 0.425 km< L . A km i* very roughly half a mile and there arc roughly 4 liters in a gallon, 
so 1 mi gal - ^ km L . which is roughly our result. 

.10. Identity: Convert units. 

SET UP: Use the unit conversions given in the problem. Also. 1 Xl cm - I m and 10(H) g - 1 kg. 


EXECUTE: (u 1 j 60— 


Ihl I 32 


!0.4S cm 


100 cm 


<c) (l.O-i-l (lOOcm | Mk|.L 10 .iS 

l cm' H 1m ) t 1000 g J m 

Evaluate: The relation* 60 mi h - 88 tVs and 1 g/cm* - 10‘ kg/m 1 are exact. The relation 32 ft ’s- - 9.8 m*s J is 
accurate to only two significant figures. 

.11. IDEVIITV: We know the density aixl mas: thus we can tind the volume using the relation 

density - massvolume - m fV . Th: radius is tlvn found from the volume cquition for a sphere and the result for 
the volume. 

SET UP: Density - 19.5 gcm‘ are! iw - 60 0 kg For a sphere V - ixS . 

Execute: v=m ;dm»t> ^f 60 ok * 't: looc^g _ 3 > 

— 7 I 19.5 g em' \ 1.0 kg ) 


r - y— - y—l 3080 cm*) - 9.0 cm . 

i 4 .t V4.v 

Evaluate: The dennty is very large, so the 130 pound sphere k smill in size. 

.12. Idi.n I1TY: Use your calculator to display xxlO . Compare that number to the number of seconds in a year. 
SET Up: 1 vr - 365.24 davs. 1 day - 24 h. and I h - 3600 s 


24 h it 360Q s 


-3.15567...x 10 s:*xl0 s -3.14159...* 


EXECUTE: (365.24 days-1 >t)| —— |j —— 3.15567...* 10 s; x: 

The approximate expression is accurate to two signifWant figures. 
Evaluate: The close agreement is a numerical accident. 

.13. IDENTIFY: The pcreci* error is the error divided by the quantity. 

SET Up: The distance from Berlin to Paris is given to the nearest 10 km. 


Execute: (a) 


1 x 10 *%. 


<10 Since the distance was given as 890 km. the total distance should he 890,000 meters. We know the total 
distaixe to only three significant figures. 

EVALUATE: In this ease a very snail percentage error has disastrous consequences. 

.14. iDEYlin: When numbers arc multiplied or divided, the number of significant figures in the result can he no 

greater than in the factor with the fewest significant figures. When we add or subtract numbers it is the (oration of 

the decimal that matters. 
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1 . 15 . 


1.16 


1 . 17 . 


1 . 18 . 


Si:r UP: 12 mm has two significant figures and 5.98 mm has three significant figures. 
EXECUTE: (n) (12 mm}x(5.98 mm) - 72 mm ; (two significant figures) 


(»» 


.i 


- 0.50 (aho two significant figures ) 
(to the nearest millimctert 


the nearest min, so the answers in rurts (c) and <d| are 


12 

|c> 36 n 

(d) 6 mm 

(e) 2.0 (two significant figures! 

EVALUATE: The kmgth of the rectangle is known only 
known only to the nearest mm. 

IDF.MIFY and SET L’P: In each case, estimate the precision of the measurement. 

EXECUTE: (a> If a meter stick can measure to the rxarest millimeter, the error will be about 0.13%. 

(b) If the chemical balance can measure to the nearest milligram, the cnee will be about 8.3x10 *%. 

(c> If a harxlhekl stopwatch (as opposed to electnc timing devices) can measure to tlx nearest tenth of a second, the 
error will be about 2 . 8 x 10 */». 

Evaluate: The fxrccnt oren are those due only to the limit of precision of the nxasurement 
Idi.n nn: Use the extrenx values m the piece's length and width to find the uncertainty in the area. 

SET Up: The length could be as large as 5.11 cm and the wkith could be as large as 1.91 cm 

Execute: The area is 9.6910.07 cm : . The fractional uncertainty in the 


fracticeial uncertainties in the leneth and width arc 


D.Ol cm 


- 0 . 20 % and 


Ci .01 cm 


9 cm 


0.72%. and the 

£.69 cm* 

.-0.53% The sum of these 


5.10 cm 

fractional uncertainties is 0.20% r 0.53% - 0.73% , in agreement with tlx fractional uncertainty in the area. 
Evaluate: The fractnicul uncertainty in a product of numbers is greater than the fractional uncertainty in any of 
the individual numbers. 

Idem it Y: Calculate the average volume and diameter and tbe uncertainty in these quantities. 

SET UP: Using the extrenx values of the input data gives us the largest and smallest values of the target variables 
ind from these we get lb: uncertainty 

Execute: (u) The volume of a disk of diameter d and thickness r is V - xidtlft. 


The average volunx is V - ^18.50 cm/2) 3 (0.50 cm) - 2.837 cm*. But t is given to only two signifcant figures so 
the answer should be expressed to two significant figures: V - 2.S cm*. 

We can find the uncertainty in the volunx as follow's. The volume could he as large as 

V - .rfS.52 cnv‘2)*<0.055 cm) - 3.1 cm\ which is 0.3 cm* larger than the average value. The volume could be as 
small as V - t<S.S2 cnv2)*(0.045 cm) = 2.5 cm\ which is 0.3 cm* smaller tlian the average value. The 
uncertainty is 10.3 cm*, and we express the volunx as V - 2.810.3 cm*. 

(b) Tlx ratio of the average diameter to the average thickness is 8.50 cm 0.050 cm - 170. By tiling the largest 
possible value of the diameter and the smallest possihk: thickness we get the largest possible v alue for this ratio: 
8.52 cmO.045 cm - 190. The smallest possible value of the ratio is 8.48 /0.055 -150. Thus tlx uncertainty is 
120 and vve wntc the ratio as 170 ± 20 . 

Evaluate: The thickness is uncertain by 10% and the percentage uncertainty in tlx diameter is much less, so 
the percentage uncertainty in the volunx and in tbe ratio should be about 10 %. 

IDF.VIIFY : Estimate the number of people and then use the estimates given in the problem to calculate the 
number of gallons. 

SET Up: Estimate 3x 10* people, so 2x 10* ears. 

Execute: ( Number of cars x milcs/car day)/ (mi gal) - gallons day 


(2x 10* carsx 1OOCO imyr'carx l yr 365 days)/(20 mi/gal| - 3x 10* galday 

EVALUATE: The number of gallons of gas used each day npproxinutcly equals the population of the IJ.S. 
1.19. Ideviify: Express 200 kg in pounds Express each of 200 m. 200 cm and 200 mm in inches. Express 
200 months in years. 

SET UP: A mass of 1 kg is cquivafcnt to a weight of about 2.2 lbs. 1 in. - 2.54 cm. 1 y - 12 months . 
EXECUTE: (u) 2X kg is a weight of 440 lb. This is much larger than the typical weight of a man. 

<b) 200 m - (2.00 x |0 4 cm) I — * 11 [-7.9x10* inches. This is much greater than tlx height of a person 

v 2.54 cm / 

(c) 200 cm - 2.00 m - 79 iixhcs - 6.6 11 . Some people are this talk but not an ordinary nun. 




(<!) 200 mm - 0.200 m - 7.9 inches . Thts xs nuxh too short. 

* > it < tAn I ^ t I* Tt • it 


it) 200 months - { 2CK) mon l -:- - 17 y . This ts the arc of a teenager: a middle*au l\ 1 man is much oWer Ilian the. 

V. 12 mon / 

EVAUIATE: None arc plausible When specifying the value of a measured quantity it is essential to give the units 
in which it is being expressed 

.20. IDFAUFY: The nuntoer of kernels can he calculated as V - l' Mfc /K u<— . 

SET UP: Based on an Internet search. Iowan com farmers use a sieve having a hole size of 0.3125 in. - 8 mm to 
remove kernel fragments. Therefore estimate the average kernel length as 10 mm. the width as 6 mm and the depth 
as 3 nan We must also apply the conversion factors 1 L - 1000 cm' and I cm - 10 mm 

EXECUTE: The volunx of the kernel is: l' (T(f - (10 mm)(6 mm >13 mm I - ISO mm 1 . Th: bottle's volume is: 

- ( 2.0 L )[(1000 cm 1 )/( 1.0 L)][< 10 mm >7<'.o cm l* J - 2.0 x ICf' mm'. Th: number of kernels rs then 
iV^ ^ V M tVu*M *(2.0x 10' mm 1 >/< I SO mm 1 > = 1K000 kernels. 

Evaluate: This estimate is highly dependent upon your estimate of the kernel dimensions. And since these 
dimensions vary amongst the ditTcrcnt available types of com. acceptable answers could range from 6,503 to 
20.000. 

.21. Identify: Estimate the number of pages and the number of words per page. 

SET UP: Assuming th: two*volumc edition, there are approximately a thousand pages, and each page has 
betwom 500 and a thousand weeds {counting captions and the smaller print, such as the end-of chapter exercises 
and problems |. 

EXECUTE: An estimate for the number of words is about 10‘. 

EVALUATE: We can expect that this estimate is accurate to w ithin a factor of 10. 

.22. IDENTIFY: Approximate th: number of breaths p:r minute. Convert minutes to years and cm to m* to find the 
volume in in breathed in a year. 


SKF l.P: Assume 


10 hreaths. min lya<365dt | ^ 1M -5.3 x10 s min. 10 4 


10* cm -Im 1 . Th: volume of a sphere is V - jjrr i - . where r is th: radius and J is the diameter. Don't 

forget to account for four astronauts. 

Execute: (u) The volume is (4X10 breaths-min X 500 x10 * m‘ i --j-1 - lxlO 4 mVyr . 


- 1x10* mVyr . 


,b>di lTl “ 27m 

EVALUATE: Our estimate assumes that each cm' of air is breathed in only once, wh^c in reality not all the 
oxygen is absorbed from the air in each breath. Therefore, a somewhat smaller volume would actually be 
required. 

.23. IDENTIFY: Estimate the number of blinks per minute. Convert minutes to years. listxmatc the typical lifetime in 
years. 

SET UP: Estimate that we blink 10 times per minute I v - 365 days . 1 dav - 24 h . 1 h - 60 min . Use 80 wars 


for the lifetinx 


Executed The number of blinks 


inks » (10 pc. minlj y.hlcmcl - 4 -10* 


EVALUATE: Our estimate of the number of blinks per minute can be ofTby a fartor of two but our calculation k 
surely accurate to a power of 10 . 

.24. IDENTIFY’: Estimate the number of beats per minute arxl the duration of a lifetime. The volume of blood pumped 

during this interval is then the volume fvr beat multiplied by the total beats. 

SET Up: An average nuddlc«agcd (40 ycar*old) adult at rest has a heart rate of roughly 75 beats per minute. To 
calculate the number of beats in a lifetime, use the current average lifespan of 80 years. 

EXiClIE: .V lw , .(75 bc^.nm>; “pp \ ill;; ;; be.Klifc.pon 


K. . -(50 cm* heat 


llHIO cm A 3.788 L A lifespan 


- 4x|0 ill.lifespan 


EVALUATE: This is a wry large volume. 
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1.25. IDENTIFY: Estimation problem 

SKI Up: lixtimatc that the piW is 18 in.x IS in.x 5 ft 8 in . Use the density of* gold to calculate the mass of gold in 
the pile and from thrs calculate the dollar value. 

Execute: He volume of gold m the pile is V -18 in.x!8 in x6K in. - 22,000 in. 1 . Convert to cm': 

V - 32,000 in.‘(1000 anS'61.02 in.'| = J.6-10* cm 1 . 

The density of gold is 19.3 gem', to (he m»* of this talumc of gold u 

m - (19.3 g.'cm 1 1(3.6-10' cm‘) = 7xl(/ g. 

The moneUiv value of me gram i* SI0. u Ihe gold ha* a value of (SlO.'gramll ? » 10' gram*) -S7» 10 . or abmil 
SI 00 - 10 *' (oik hundred million dollar*). 

EVALUATE: This is quite a large pile of gold, so such a large monetary value is reasonable. 

1.26. IDI.N litv: list invite the dianxicr of a drop and from that calculate the volume of a drop, in m'. Convert m* to L. 
SET UP: Estimate the dianxter of a drop to be J - 2 mm . The volume of a spherical drop is V ~ 4-ti* - i.r d 
10 * era* - I L . 

Execute: V = i,T|0.2 cm) 1 - 4x 10 ‘ cm*. n>e number of drops in 1.0 L is - - 2x 10' 

EVAliiATE: Since I'-d*. if our estimate of the diameter of a drop is off by a factor of 2 then our estimate of the 
number of drops is off by a factor of 8. 

1.27. IDENTIFY: estimate tlx number of students and tlx average nunber of pizzas eaten by each student in a school >var. 
SET Up: Assume a school of thousand students, each of whom averages ten pazzas a year (perhaps an underestimate I 
Execute: They cat a total of 10 4 pizzas. 

EVALUATE: The same answer applies to a school of 250 students averaging 40 pizza* a >ear each. 

1.28. Identify: The number of bills is the distaixe to the moon divided by the thickness of one bill. 

SET Up: Estimate the thickness of a dollar bills by measuring a short stack, say ten. and dividing the 
measurcnxnt by tlx total number of bills. I obtain a thickness of roughly 1 mm From Appendix F, the distance 
from the earth to the moon is 3.8 x 1 Of m. 

Execute: V -1 2 n "" U 3.8x10* bilk=.4xl0* bill* 

U.lmm'biUA Im > 

Evaluate: This answer represents 4 trillion dollars! The cost of a single spare shuttle nussion in 2005 is 
significantly less roughly 1 billion dollars. 

1.29. IDEVIIFV: The cost would equal the number of dollar hills required; the surface area of the U.S. divided by the 
surface area of a single dollar bill. 

SET Up: Ily drawing a rectangle on a map of the U.S.. the ipproxmtatc area is 2600 mi by 1300 mi or 
3.380.000 mi*. Thrs estimate is within 10 percent of the actual area. 3,794,083 mi : . Tlx population is roughly 
3.0x10* while the area of a dollar bilk as nxasured with a ruler, is approximately 6- in. by 2^ in. 

Execute: *(3,380,000mi 2 )I(5280 ft)/(I mill J [(l2in.)/(l ftlj* -l.4xl(?* in 1 

=(6.125 in.)(2.625 in.) = 16.1 in* 

Toital cost - iV^ = A 5%/^si *=(1-45x10“ in.')/(16.1 in/bill> = 9x l0 4 bills 
Cost per person = <9x|O'* dollais).'13.0xl0* persons) = 3x 1 tf'doliir* person 
EVALUATE: The actual cost would b: somewhat larger, because the land isn’t flat. 

1.30. IDEYIIFY: The displacements must be added as vectors and tlx magnitude of the sum depends on the relative 
oriental ioo of tlx tw o displacements. 

SET UP: The sum with tlx largest magnitude is wlxn the two displacements ax parallel and the sum with the 
smallest magnitude is w hen the two displacenxnts are antiparallcl. 

Execute: The orientations of the displacements tbit give the desired sum arc shown in Figure 1.30. 

Evaluate: The orientations of the tw o displacements can be chosen soeh that the sum has any value between 
0.6 m and 4.2 in. 



(a) <b) <c> 

Figure I JO 




1-31. IDEXIWY: Draw each subsequent displacenxnt tail to head with the preview* displacement. The resultant 
displaremcnt is the single vector that points frecn tlic starting point to th: stopping point. 

SET UP: Call th: three displacements A . B , and C . The resultant displacement R is given by R-A+ B + C . 
EXECUTE: The vector addition diagram is given in Figure 1.31. Caretul mcasurcnxnt gives that R is 
7.8 km. 38 north ofeast. 

Evaluate: The magnitude of the resultant dssplacenxnt. 7.S km. is less than the sum of the magnitudes of the 
individual displacements. 2.6 km -t 4.0 km ♦ 3.1 km . 



Figure 131 


1.32. IDENTIFY: Draw the vector addition diagram, so scale. 

SET L’P: The two vectors A and B are specified in the figure that accompanies the problem. 

EXECUTE: la) The diagram for C - A B :s given m figure 1.32a. Measuring the length and angle of C gives 
C - 9.0 m and an angle of 0 = 34* . 

<It> The diagram for D - A - B is given in figure 1.32b. Measuring th: length and angle of 0 gives D - 22 m and 
an angle of 0^250*. 

(c) -A - B — -{A * B l«so -A- B has a migmtude of 9.0 m (the same as A * B ) and an angk with th: +x axis 
of 214° (opposite to the direction of A ♦ B (. 

<d) B - A - -(A - B) , \a B - A has a magnitude of 22 m and an angle with the -x axis of 70° (opposite to th: 
direction of A - B). 

Evaluate: The vcclor -/I is equal in magnitude and oppowte in direction to the vretor A . 



M W 

figure 1J2 


IJ3. Ideviipy: Since she returns to th: starting point, the vectors sum of the four displacements must be zero. 
SET UP: Call th: three given dispheements A , B . and C . and call the fourth displacement 0 
A+B + C+D-0 

Execute: "Hie vector addition diagram is sketched in figure 1.33. Careful nxasurement gives thit 0 
is 144 m 4f south of west. 




Units. Physical Quintitic* and Vectors 


EVALUATE: D is equal in magnitude and opposite in direction to the sum A ♦ B C 



Figure 1JJ 

1-34. IDENTIFY and So:T UP: Use a ruler and protractor to draw the vectors deserved. Ttxn draw the coavsponding 
horizontal and vertical components. 

EXECUTE: (u) Figure 1.34 gives components 4.7 m, K. 1 m. 

<b) Figure 1.34 gives conpoocnts -15.6 km. 15.6 km . 

(c) Figure 1.34 gives components 3.S2 cm. - 5.07 cm . 

Evaluate: The signs of the components dcfxnd on the quadrant in which tlx vector lies. 

v 

(-1*6 km. 13.6 km’ I (4.7 m. 8.1 ml 



*.*3rm 3.(17 i*n>i 


Figure 134 

US. IDENTIFY: For each vector V , use that K, - Kcos^ and V % = VanO . when 0 is the angle I' makes with the t-x 
axis, measured counterclockwise from the axis. 

SET Up: For A . 0 =■ 270.0° . For = 60.0° .For C . O- 205.0° . For D , 0 = 143.0° . 

EXECUTE: A t - 0, A, «-8.00 m. tf 4 -7.50 m, S= 13.0 m. C,=-10.9 m, C, =*-5.07 m. 0. = -7.99 m. 
D t = 6.02 m . 

EVALUATE: The signs of the components correspond to the quadrant in which the vcctcc Iks. 

1-36. Identify: tan# - . for 0 measured counterclockwise freon the -t.r -axis. 


SET UP: A sketch of A . , A, and A tells us the quadrant in which A lies. 

Execute: 

<■) unff^ —- 00 m ^-o.soo . g = an (-0.500) = 360’-26.6° = 333’. 

A, 2.00m 1 ' 

<b» tang- - -" --0.500. g-tan '(05001 = 26.6° . 

A. 2.00 m ' ’ 

(c> tan g - —- ’ — -0 500 . 0 - Ian '(-0.5CO)- ISC' - 26.6’ — IS5 = . 

A . - 2.00 m ' ' 

(d) tang- — - 0.500 .0 - lan (0.500) = 1S0 : >-26.6' = 207” 

A. -200 m 1 ’ 

Evaluate: The angles 26.6' and 207° have the sanx tangent. (>ur sketch tells us which is tlx correct value 
of 0 . 

1-37. Identify: Find the vectcr sum of the two forces. 

SET Up: Use components to add the two forces. Take the +x*dircct»oa to be forward and the -t v-direction to lx 
upward. 




Execute: The second force has components F lt - F x co*32.4* - 433 N and F lp - F, sin32.4* - 275 N. TTk 
first force h« cccnpoocnts F u - 725 N and F lt = 0. 

F t = F it +F i% - 1158 N and «/|, + F Jx » 275 M 

The resultant force is 1190 N in the direction 13.4° above th: forward direction. 

Evaluate: Since the two forces are not in the some direction the magnitude of their sector sum is less than the 
sum of their magnitude. 

1-38. IDENTIFY: Find tlie vector sum of the three given displacenxnts. 

SET UP: Use coordinates for which is east and +y is north. The driver's vector displacements arc: 

A = 2.6 km. 0° of north: B - 4.0 km. 0* of east: C - 3.1 km. 45° north of east. 

Execute: R,<*A,+B. *C. =0+4.0 km-»<3.l km)cos(4r) = 6.2 km; R. = A, ♦ B. .C, ; 

2.6 km (3.! km)<i«i4S) = 4.8 km : R - Jff; - R‘ - 7.S km ; 0 - tan ‘[(4.8 km)/»&2 kml] - 38 ; 

R - 7.8 km. 38 north of east. This result is confirnxd by the sketch in Figure 1.38. 

Evaluate: Both Ii and R arc positive and R is in the first quadrant. 



Figure 138 

1-39. IDENTIFY: If f - A + B . then C\ - A k + B t and C % - A, + B'. Use C, and C, to find the magnitude and 
direction of C . 

SET Up: From Figure 1.34 in the textbook. A t =0, A p - -8.00 mand - +£xin30.0° - 7.50 m. 

B, »-f^cos30.0°Bl3.0m. 

Execute: (u> C-A * Bw C\ - A, + B t = 7.50 m and C'^A'+B'-T 5.00 m. C^9.01 m . 

,anff,S = 12^1 and tf-33.7". 

C t 7.50 m 

<l>) B 4 A - A 4 B . so B + A has magnitude 9.01 m and direction specified by 33.7*. 

<c) D- A- B*o D t - A t - B k - -7.50 m and » - A % - B - -21.0 m . D- 22.3 in . land : -r-r— and 

D, -7.50 m 

- 70.3° . i) is in th: 3 ,J quadrant and the angle 0counterclockwise from the +x axis is 180* 4 70.3* - 250.3*. 
<«l> B A- -(/i - B). so B - A has magnitude 22.3 m and direction specified by 0 - 70.3°. 

EVALUATE: These results agree with those calculated from a scale drawing in Problem 1.32. 

1.40. IDENTIFY: Use Liquations (1.7) and (I.S) to calculate the magnitude and direction of each of the given vectors. 
SET UP: A sketch of A. , A, and A tells us the quadrant in which A lie*. 


Execute: <a> J(-S.60 cm)* -t <5.20 cm) -10.0 cm. arctan 


- 1 48.8° (which is 180 “ - 3 1 . 2 °V 


|b> ^(-9.7 m)'-. (-2.45 m|’ -10.0 m. aicunf-^yj- 14 ° +180"-194*. 

(c) ^(7.75 km> ! » (-2.70km) ! =8.21 km. sretanf lil j - 340.8 : (which ■> 360 , -l9.2 , » 


EVALUATE: In e>:h case the angle is measured counterclockwise from the +x axis. Our results fee 0 agree with 
our sketches. 
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IDIN'IIEY: Vector addition problem. We arc given the magnitude and direction of three vectors and are asked to 
find their sum. 

Set Up: 



Figure 1.41 a 


A ^ 3.25 km 
B ^ 4.75 km 
C - 1 SO km 


Select a coordinate system when: r.v is cast and +v is north. Let A . B and C tv tlx three displacements of the 
professor. Tlxn the resultant displacement R is given by R - A ♦ B ♦ C. By the method of components. 

R t - A,-t B t + C, and R . - A, -t B t + C.. Find the v and y components of each vector: add them to find tlx 


components of the resultant Tlxn the magnitude and direction of the resultant can be found from its .r and ;, 
congioncnts that wc have calculated. As always it is essential to draw a sketch. 

Execute: 




I 



Figure 1.41b 


A =0, A = +3.25 km 
5 =-4.75 km. 5=0 
C. =0. C =-1.50 km 


R. 
R. 
R . 
R. 


■ 4+5,+C, 

- 0-4.75 km *0--4.75 km 
= A % + 5. + C 

= 3.25 km*0-1.50 km - 1.75 km 


1.42. 



R ^ ft; * R; - ^-1.75 km>* +(1.75 km> ; 
R = 5.06 km 

1.75 km 


R 

tan 0 - — - - 

R -4.75 kni 


II.30M 


- 159. S 


Tlx angle 0 measured counterclockwise from the +.r*axis. In terms of compass directions, the resultant 
displacement ts 20.2° N of\V. 

Evaluate: R t < 0 and R r > 0. so R K in 2nd quadrant. This agrees with the vector addition diagram. 
IDENTIFY: Add the vectors using components. B - A - B * {-A ). 

SETUP: If C-/I * 5 then C, ^ A, + B, and C y = A y + B,. If D- B-A then D, = B, - A t and />, -5 - A, . 
EXECUTE: (u) The a and y con^ionents of the sum arc 1.30 cm + 4.10 cm - 5.40 cm. 

2.25 cm + (-3.75 cm) = -1.50 cm. 


(b> Using Equation* (1.7) and (1.8). ^(S.JOcml^-I.SOcml 1 


> .60 cm, arclan 


f— 




+5.4(1 


344.5° ccw. 







143. 


<c) Similarly. 4.10 cm-(1 JO era) = 1*0 cm, -3.75 cm -(2.25 cm|= -6.00 cm. 

arclanj j ^ 295'’ (which It J60 1 -65=). 

Evaluate: We can draw the vector addition diagram in each cave and verify that our result* are qualitatively 
correct. 

IDENTIFY: Vector addition problem. A - B - A ♦ (-iJx 

SET Up: Fitxl the x* and y-components of A and B. Then tfo: .v* and r-competent* of the vector sum are 

calcuhtcd from the .*• and v -component* of A and B 

EXECUTE: 

A a = 4co*<60.<F) 

A t = (2.80 cra)cos<60.0 e ) =+140 cm 
A f = dsin|60.0’i 

A, = (2.80 cm lsinf60.0°) = +2.425 cm 
B t = B cos(—60.0’ 1 

B t = (1.90 cm)c<w| -60.0° | = +41.95 cm 

B, - ifsinl- 60 .(Ti 

&, = (1.90 cm)sin(-60.0°) = -1.645 cm 
Note that the signs of the components 
correspond to the direction* of the component 
vectors. 

Figure 1.43b 
<a) Now let R-A* B 

R, -A t * B, = +1.40 cm + 0.95 cm = +2.35 cm. 



Wcm>* + (- 6 . 00 cm)* - 6.62 cm. 


R, = A t + B, = +2.425 cm -1.645 cm - +0.7S cm. 



Figure 1.43b 



Figure 1.43c 





(b) Execute: Now let R-a-B 
R t -A t -B k - +1.40 cm - 0.95 cm - +0.45 cm. 

R *A -B,- +2425 cm r 1.645 cm ^ +4.070 cm 
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R - JR : - R : - J<(45 cm| J ♦ (4.070 cm) J 
R - 4.09 cm 


R. 4.070 cm %IW . 

tantf---—--+9.044 

R 0.45 cm 


- 83.7"' 


Evaluate: 


The vector addition diagram for R - A + 




R is in the 1st quadrant. 
%vilh in 

agreement with our 
calculation. 


(c> Execute: 


* 



v 


b-a--[a-b) 

B - A and A - B are 
equal m magnitude and 
opposite in direction. 

R - 4.09 cm and 
0 - 83.7° + 180° - 264* 


Hgare l.43f 
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Evaluate: The vector addition diagram for R - B + {-A) i* 


1.44. 



Figure 1.43s; 


R it in the 3rd quadrant, 
-vilh |R I'- |v |. in 
agreement with our 
calculation. 


lDl-\ T1FY: The velocity of the boat relative to the earth. v wt . the velocity of the water relative to the earth, v* y 
and the velocity of the boat relative to the water. • arc reh,cd ty **w* m * 

SET Up: , - 5.0 km/h . north and i k uv - 7.0 knvh, west. The vector addition diagram is sketched in 

Figure 1.44. 

Execute: t£r=rl, and v... - J(S.O km/h)* +(7.0 kmh> : -8.6 knvh . land - - — — and 

!*** 7.0 knvli 

$$ - 36°. north of west. 

Evaluate: Since the twx> vectors we arc adding arc perpendicular we can use th: Pythagorean theorem directly 
to find the magnitude of their vector sum. 

•Wv 




Figure 1.44 



1.45. IDENTIFY: Let A - 625 Nand B- 875 N . We are asked to find the vector C such that A ♦ B - C - 0 . 

SET Up: .4 t - 0. ,4,--625 N. = (875 N)coct30° = 758 N, B s - <875 N>sin30° - 43S N . 

Execute: C, = -\A % + B t ) = HO+758 N|^ -758 K . C, = ~iA % +B')~ -(-625 N + 43S N>- + 187 N . Vector 

C and its components are sketched in Figure 1.45. C - Ac] + C - 781 N tan^ - tlj - N and ^ - 13.9*. 

f \\ 758 N 

C is at an angle of 13.9° above the -x axis aixl therefore at an angle 180* -13.9* - 166.1° counterclockwise from 
the + r-axts. 

EVALUATE: a vector additicei diagram for A -♦ B *♦ C verifies that their sum is zero. 



Figure 1.45 
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1.46. iDEAiitY: We know the vector sum and want to find tlic magnitude of the vectors. Uk the method of 
components. 

Si:r UP: Tbc two vectors A and B and their resultant C arc shown in Figure 1.46. Ld ty be in the direction of 
the resultant. A-B. 

Execute: C, = A, + B, . 372 N = 2,4c<>*43.0‘ are! A - 254 N . 

Evaluate: The sum of the magnitudes of the two forces exceeds the magnitud: of the resultant force because 
only a component of each force is upward. 

y 



Figure 1.46 


1.47. lDF.vnt\: Find the components of each vector and then use liq.l l .14). 

SET UP: A t - 0 .A- -H.00 m. # = 7.50 m, B t = 13.0 m. C = -10.9 m, C = -5.07 m . 0 = -7.99 m, 

D - 6.02 m . 

Execute: .4-(-S.00mjj: B -<7.50mV♦ (13.0m)/; C -(-10.9m)f +(-5.07 m)j; 

D - (-7.99 m li + (6.02 m} j . 

EVALUATE: All tbrse vectors lie in the .vy-plane and have nor-campocxnt. 

... 

1.48. IDIA nrv: The general expression for a vector written in terms of component* and unit vectcvs is A — A t i ♦ A . j 
SET UP: S.0B - 5.0(4/ -6j) = 20 i - 30/ 

Execute: (u) A t - 5.0. A, = -6.3 (b) A t = I \2 f A y = -9.91 (c) A, - -15.0 , .4, = 22.4 
<d) .1 4 - 20. A t =-30 

Evaluate: The components arc signed scalars. 

1.49. iDLMltY: Use trig to find the components of each vector. Use Eq.( 1.11 > to find the components of tfo: vector 
sum. I:qX 1.141 expresses a vector in terms of it* compceients. 

SET UP: Use tbc coordinate* in the figure that accompanies the problem. 

Execute: (u) .-1-13.60 m>co« 70.0°/.(3.60 m|slnT0.0*/-(l.23 m)/.(3.38 m )j 
fl--(240 m) cos 30.0'/ -(2.40 m l tin 30.0V “ (-2.08 m |/ * (-1.20 m )j 

(h) C - (3.00) /i-(4.00)B -(3.00)(l.23 m|r'«<3.<)0)(3.38 m(y-(4.00)(-2.0B m)i-(4.00)(-1.20 m)j 

-<12.01 m)j.<14.94)j 
(c) From liqualiooi < 1.7) and (1.8), 

C- J|I2.01 m)‘ -(14.94 m)' - 19.17 m. on:tin J ——— 1-51.2° 

V 112.01 m. 1 

EVALUATE: C, are! C. are both positive, so 0 is in the first quadrant. 

1.50. iDf.MITY: Find A and B. Find the vector ditVcrcnrc using components. 

SET UP: Deduce the .r- and y -component* and use liq.f 1 .S). 

Execute: (u> A ^ 4.00# + 3.00/; a - +4.00; A = +3.00 

A - yjA; - a; = ,/<4.00)’ .<3.00|’ - 5.00 
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1 . 53 . 


1 . 54 . 


B - 5.00/ - 2.00/, B, ^ *5.00. B, = -200 
B - yjB; * B; -^(5.00)* * (-2.00)*' = 5 J9 

EVALUATE: Note that the magnitudes of A and B an: each larger than either of their components. 
Ex*:c I TU (b) A - B - 4.00/ + 3.00> - j5.00/ - 2.001) - (4.00 - 5.00)/ + (3.00 + 2.00) j 

/i-5 =-1.00/+ 5.00j 

(c) Let * - 4 - /T - -1.00/ + 5.00/ Then /?, --I.00. ft = 5.00. 





R - ^I-l .00)- <5.00i ; - 5.10. 

ao0- — - 22^--5.00 

R t -1.00 

0 - -78.7° +180° -101.3°. 


Evaluate: R < 0 and R > 0. so R rs in the 2nd quadrant. 

IDENTIFY: A unit vector lias magnitude equal to 1. 

SET L ! P: Tbe imgmtudc of a vector it given in terms of its components by Eq.( 1.12). 

EXECUTE: (u) |r : + j ♦ i | _ TFTFTF - $ a I so it is not a unit vector. 

<b) 1^1 - ^A' k + .i] + A’ . It*any component is greater than * I or less thin - 1 , |j| > 1 . so it cannot he a unit 

vector. A can have negative components since the minus sign goes away whm the component is squared. 

(c> |\|- I give* »a‘(4.0) ; - I and ^^25 - 1 . a - t_L - iO.’O . 

EVALIDATE: The magnitude of a vector is greater than the magnitude of any of its components. 

IDEA flEY: If vectors A and B commute for addition. A ♦ B - B ♦ A . If thev commute for the scalar product, 
A 8-B A. 


SET UP: lixpress the sum and scalar product in terms of the components of A and B . 

Execute: (u)Lct A-Aj + AJ and B-BJ + BJ. A* B-(A. + < ff.|/+(.l, +B )/*. 

B + A - (B + A j/ + j B # + A )} . Scalar additxm is commutative, so A + B - B ♦ A . 

A B - A t B t + A'B t and BA - B t A . + B t A t . Scalar multiplication is commutative. soA-B - B-A. 

<b> A x B ~{A,B, - AB . )i +UB. - A.B. )j + (.-l.fl. - .4 fl. j k . 

B* A-{B A - B A |r : + {B A t - B t A )j + A % - B .4 . Comparison of each component in each vector 

product shows that one is the negative of the otlvT. 

EVALUATE: The result in part lb) means that A ■ B and B * A have the same magnitude and opposite direction. 
Identify: A B - ab cosp 

SET L'P: lot A and B . fi -] 50.0“. For B and C . fi - 145.0“. For A and C . * - 65.0“ . 

EXECUTE: (a) A - B - (S.CO ml) 15.0 m(cos150.0“ = -104 m : 

(It) B C -(l5 0mXl2.0m)cral450“^-!4Hm- 
(c» AC ^(S.OO mM!2.0 m >co* 65.0“ - 40.6 m* 

Evaluate: When d < 90“the scalar product it pi*iti\e and wlicti $ > 90' Ihc tealar product Is negative, 
loi-vmv: Target variables are A B and the angle fi between tlie two vector*. 

SET L’P: We are given A and B in unit vector form and can take the scalar produrt using I:q.< 1.19). The angle 
$ can then he found from Eq.t 1.18). 
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Execute: 

(a) A = 4.00/ *3.00y\ B - 5.00/-2.00/; >4 = 5.00. tf-5.39 

AB* <4.00#* + 3.00 /) • <5.00i : - 2.00/) ^ (4.00X5.00 ) + <3.00* -2.00) - 20.0 - 6.0 - *14.0. 

<b) co*4-^-!L -—- 0.519; 4-SS.7*. 

AB (5.00X5.39) 


Evaluate: The component of B along. >4 is in the same direction as >4. so the scalar product is positive and 
the angle ^ is less than 90\ 

Identify: For all of these pairs of vectors, the angle is found from combining liquations < 1.18) and 11.21). to 

.. . . . \A B . (A.B.aA.B. 

give the angle ^ as p- anreosj- - arccos - 

l AB ) V ■■ ,B 


Set UP: l:q.( 1.14) shows how to obtain the components for a vector written in terms of unit vectors 
Execute: (■> A B = -22. A ^ </«>. nd*i ^-arccoj ' = 165°. 


(b> Ah- 60. A - J.14. B - JlTth fi - arecon 


60 

0.11 J|J6 . 


<c> A h -0 and ^ - 90“. 

EVALUATE: If A B>0, 0£l<90°. If A B <0. 90“<*S180 : . If A B - 0. fi^ 90°and the 1W) vectan are 
perpendicular. 

IDENTIFY: A B - >4£cos**and |.4 * b \ - .4 Asm? . where * is the angle between A and B . 

SET UP: Figure 1.56 shows A and B The components .4 of >4 along B and A of >4 perpendicular to B arc 
shown in Figure 1.56a. The components of B of B along >4 and B A of B perpendicular to >4 are shown in 
Figure 1.56b. 

EXECUTE: (u) From Figures 1.56a and b. A - Acosfi and B , - Acos^. A B - ABcct sf> - BA - AB 
(h) .4. a .4sin^arxl B . - Asm*. |.4 * - .!Asm*^ A.4. = ,4A. . 

EVALUATE: When .4 and B arc perpendicular. .4 his no component along B and B has no component along 
>4 and A B - 0 . When A are! B are parallel. >4 has no component pcrpcndicuiir to B and B has rx» component 
perpendicular to >4 and |>4 * a| - 0 . 



1.57. IDEMIFY: >4 x 0 his magnitude ADsin# . Its direction is given by the right-hand rule. 

SET UP: *«I80°-53° = 127' 

Execute: |/i> d| = <8.IX> m |<10.0 m>sin 127°- 63.9 m : . The right-hand rule says A* D is m the 
—z-direction | into the page). 

Evaluate: The component of D perpendicular to A is D, - Osin53.0° - 7.00 m |.4 * /)| AD - 63.9 m‘, 
which agrees with our previous result. 

1.58. IDENTIFY: Target variable is the vector >4 * B % expressed in terms of unit vectors. 

SET UP: We are given >4 and B in unit vector form and can take the vector product using Eq.( 1.24). 
Execute: A -4.00/ - 3.00/. B - SOW -2.00/ 
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AxB - (4.00/ + 3.00>) x (5.0/ - 2.00/1 - 20.0/ x f — 8 . 00 # x / * 1 5.0/xi- 6.CO/ x / 
Hut /xi-jxi-0 anil ixi-i . *0 /I * J? = -8004 -t 15.01 -A I - -23.04. 


The magnitude of /I x H is 23.0. 

EVAliiATE: Sketch the vectors ,4 and B m a coordinate system where the ay-plane is 
and the r*axis it directed out toward you. 


tlie plane of the paper 



By the right-hand rule A x B is directed into the plane of the prqicr. in the -r direction. Tliis agrees with tlie 
above calculation that used unit vectors. 

iDKMin: TTic right-hand rule gives the direction and Eq.< 1.22) gives the magnitude. 

SETUP: 120.0°. 

Execute: (u) Tlie direction of Ax B is into the page itbe -r-dircction k Th: magnitude of tbr vector product 
is AB sin^=( 2.80 cm || 1.90 cm (sin 120 = 4.61 cm 3 . 

(hi Rather than repeat the calculations. Eq. (1.23) may be used to see that B x A has nugnitude 4.61 cm' and is i 
the -tr direction (out of the page!. 

EVALUATE: For part (a) we could use Eq. (1.27) and note that the only non-vanishing component is 
C *A m B t -A B ^(2*0 cm(cos60.0 p (-1.90 cm)sin60° 

-(’SO cm(«n60.0 5 (l.90 cm)ci»60.0°^-4.61 an'. 

This gives the sanx result. 

IDENTIFY: Area is length lures w idth. Do unit conversions. 

SET Up: 1 mi - 5280 ft . 1 ft 1 =• 7.477 gal. 

EXECUTE: (u) The area of cme acre is - mi x — mi - -Jr mi'. so there arc 640 acres to a square mile. 


ill 


(h)llacrcjx 


5280 ft 


- 43.560 ft 


640 acre; V 1 m * 

(all of the above conversions arc exact). 

(«)(1 acre-foot) -(43.560 ft )x j ■ * ^ r ~‘ | - 3.26x 10' gal. which is rounded to three significant figures. 

EVALUATE: An acre k much larger than a square foot but less than a square mile. A volume of 1 acre-foot is 
much larger than a gallon. 

Idem in : Hie density relates mass and volume. Use the given mass and density to find the volume and from 
this the radius. 

SET Up: Th: earth has mass m t - 5.97 x I0 24 kg and radius r t - 6.38 x 10* m. The volume of a sphere is 
. p = 1.76 g em* -1760 km m‘. 

Execute: (u) The planet has mass m - 5.5m, - 3.28xlO Jt kg . V - —-—————- - 1.86x10“ m . 

1 6 p 1760 kg m* 

r-(^) 1 -I.64 kI 0’m - 1.64 k 10* km 

(b) ' ■ 2.S7r, 

EVALUATE: Volume l is proportltxial to mass and radius r is proportional to r '. so r is proportional to m l If 
tlie planet and earth hid the some density its radius would he 15.5)* *r t - l.&q . The radius of the planet is greater 
than this, so its density must he less than that of the earth. 






1.62. Identify and Set Up: Unit conversion 


1.63. 


1.64. 


1.65. 


1 . 66 . 
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Execute: (u| / -1.420x10* cycle**. so —— s - 7.01 X10 “ X for one cycle. 

|b>--5.11x10* cycle** 

7.04x10 s cycle 

(cl Calculate the number of seconds in 4600 millxm yean - 4.6x 10' v and divide In* the time foe 1 cycle: 


14.6x10* yK3.IS6xlO f *’y> 
7.04x10 ,u X'cyde 


2 . 1 xl 0 J * cycles 


(<1 > The clock is oil* by I sin 100.000 y - I x 10* y. so in 4.60x10* y it isoffby (1 %)[ | -4.6x10* s 

(about 13 h). 

EVALUATE: In exh ease the units in the calculatii>n combine algebraically to give the correct units for the answer 
IDENTIFY: Tl»c number of atoms is your mass divided by the mass of one atom. 

SET UP: Assume a 70-kg person and that the human body i* mostly water. Use Appendix D to find the mass of 
one II 2 Omolecule: 18.015 ux 1.661x10 ; kg'u = 2.992 x 10 * kg molecule 

Execute: (70 kg)/( 2.992x10 * kg moh:cuk:) = 2.34xl0 r molecules. Each lEOmoleculc has 3 atoms, so 
there are about 6 x 10 ^ atoms. 

EVALUATE: Assuming carbon to be the most common atom gives 3x10*’ molecules. which is a result of the 
same onfcr of magnitude. 

IDENTIFY: Estimitc the volume of each object. The miss m is the density tmxs the volume. 

SET Up: The volume of a sphere of radius v is V - . The volume of a cylinder of radius r and length / is 

V - .rr*l . The density of water is 1000 kg/m*. 

Execute: <u) Estimate the volume as that of a sphere of diameter 10 cm: V - 5.2 x 10 4 m*. 
m = (0.98 )(1000 kg/m* |{5.2x 10 *m 1 ) - 0.5 kg . 

(b| Approximate as a sphere of radius r - 0.25/rm (probably an over estimate!: V - 6.5 x 10 ’ in ’. 
w-(0.98)(1000kg/m 1 1^6.5x10*^ rn)*6x!0 kg-6xl() * g. 

(c> Estimate the volume as that of a cylinder of length 1 cm and radius 3 mm: T - :r 7 — 2.Sx 10 m‘. 
m = (0.98)(1000 kg/m‘M2.8x10’ 1 m*)^3x10 4 kg-0.3 g. 

Evaluate: The mass is directly proportions! to the volume. 

Identify: Use the volume fand density pto calculate the nuss .1/: a ——.so V - 


SET Up: The volume of a cube with »des of length .v is .r *. The volume of a sphere with radius R is ±xR . 


Execute: (u> x‘ - 


■ ' - " — -2.51x10’m‘. * = 2.94x10 *111 = 2.94cm. 

i-10' kit'm 


|h) -,zK -’.Sl-lO’m' K = 1.82xlO‘m = 1.82cm. 

EVALUATE: -l.T - 4.2 , so a spt>rrc with radius R has a greater volume than a cube whose sides have length R. 
IDENTIFY: Estimate the volume of sand in all the beaches on the earth. The diameter of a gram of sand determines 
its volunv. From the volume of one grain and the total volume of sand we can calculate the nuntfver of grains. 

SET UP: Tbc volume of a sphere of dimeter d is V - L.rJ' . Consulting an atlas* we estimate that the continents 
have about 1.45 x 10* km of coastliie. Add another 25% of this for rivers and lakes, giving I.S2 x 10 1 km of 
coastline. Assume that a beach extends 50 m beyond tbc water and that the sand is 2 m deep. 1 billion = 1x10*. 
EXECUTE: (u) The volume of sand is |1.82 x 10* mX50 m)(2 m) = 2x10“ m*. Hie volume of a grain is 

V - 4t< 0.2 x 10 m) 1 -4x10 m . The number of grains is ~ * 10 m . - 5 x 10 J| . The number of grains of sand 

4x10 * m 

is about ltf*\ 

(hi The number of stars is (lOOx 10*K100x 10*) = I0 tt . The two estimates result in comparable numbers for these 
two quantities. 
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Evaluate: Doth numbers arc crude estimate* but ore probably accurate to a few power* of 10. 

IDENTIFY: The number of particle* is the total mi** divided by the mas* of ooc particle. 

SET UP: 1 mol - 6.0 x 10 1 ' atoms. Tlx mass of the earth is 6.0 x 10* kg . The mas* of the sun is 2.0 x 10' kg 
Tlte distarxc from the earth to the sun is 1.5 x 10 1 ' m . The volume of a sphere of radius R is LxR h . Protons and 


neutrons each have a mass ot 1 . > x 10 * ku and the mass of an electron i* much le 


Execute: (at (6.0xio ;, kg>x 


6.0x10“ 4^ 
“u 


< ID 


— 


-Z.hxlO*' 


(bt Tlte number of neutrons is the mas* of the neutron star divi&d by the mass of a neutron: 
,2 K 2.0xl0"lg) 


(1.7x10* kg/neutron I 

(c) Tlte average mass of a particle is essentially ^ the mass of cither the proton or the neutron. 1.7x 10 ' kg. The 
total number of partieks is the total mas* divided by this average, and the total mas* is the volume time* the 
avcrace dmutv. limiting the density by/?. 


i t R'p 




2.THl.S.I0 ,l nH l HO" hg.W) |v .,„y 

1.7-10 kc 


Note the conversion from $cm‘ to kgm*. 

EVALUATE: These numbers of particle* arc each very, very large but are still much less than a googol. 

Identify: Let I) be the fourth force, bind D such that A+ B + C + 6- 0, so D - + B + C}. 

SET Up: Use components and solve for the component* D t and D f of D 
EXECUTE: A . - -Mccs30.G° = +S6.6N, A, - */lco*30.0*= -f50.00N . 

B t - -S*in30.0° - -40.00N, B , - +Acos30.0* ^ +69.28N . 

C t = -fCeos530° = -24.07N. C, = -Csm53.<T = -3!.90N . 

Then /> --22.53 N . D ^-87.34Nand -90.2 N . tan<r-|D fD [=87-34/22.53. a = 75.54° . 

$ = 180° + a - 256 : . counterclockwise from the -fx-axi*. 

Evaluate: As shown in Figure 1.68, since /) and D are both negative. D must lie in the third quadrant. 



IDENTIFY: Wc know the magnitude and direction of the sum of the two vector pull* and the direction of one pull 
We also know that txx pull has twice the magnitude of the other. There are two unknowns, tlx migmtudc of the 
smaller pull and it* direction. A a r - C t and A + B - C give two equation* for these two unknowns. 

SET l.'P: Let the smaller poll K- A and the larger pull be B B -2A . C - A* A has magnitude 350.1) N and is 
northward. Lcl t. be east and ty Fe north B = -flsin 25.0* and B - flcos25.0“. C - 0. C = 350.0 N. 

A nmu have an eastward component to cancel the westward continent of B Thuc are then two possibilities, as 
sketched in Figures 1.69 a and b. ( can have a northward compooait or A can have a southward component. 
Execute: In cither Figure 1.69 a or b. A, r /(. - C. and B - 2 A gives (2-llsoi 25.0* - Atmfi and <t - S7.7* In 
Figure 1.69a. A,rB, -C,give* 2.1co*2S.O*r ^cosS7.7“-350.0 N and A = 149 N . In Figure 1.69b. 
2^cos25.0*-^co»57.7*-350.0 N and .1-274 N . One solution is tor the smaller pull to be 57.7* east of north 
In this case, tlx- smaller pull is 149 N and the larger pull is 29S N. Hie other solution is for tbc smaller pull to be 
57.7' cast of south In this ease tbc smaller pull is 274 N and the huger pull is 548 N. 
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1.70. 


1.71. 


Evaluate: For th: first solution, w ith A cast of ncrth, each worker has to exert less force to produce the given 
resultant force and this is the sensible direction for the worker to null 




<a) 

Figure 1.69 

iDiXiitY: Find the vector sum of the two displacements. 

SET t’P: Call tlv two displacements A and B . w here A -170 km and B - 230 km . A + B - R A aixl H arc 
as shown in Figure 1.70. 

Execute: R . = A t + £, = (170 km) sin 6S° + (230 km) cos 48° «= 311.5 km 
R - A + B = (170 km) cos 68° - <230 km) sin 4*T=-107.2 km. 


Jr;+R; -^311.5 km) 5 +(-107.2 km f 


330 km. tantf- 


107.2 km 
311.5 km 


-0.344. 


t) - 19° south of east. 


EVALUATE: (>ur calculation using components agrees with R shown in the vcctce addition diagram. Figure 1.70 

N(v) 



m 


IDEMIFV: At B -C (or B t A - C ). The target variable is vector A. 

SET L’P: Use components and Fq.( 1.10) to solve for the components of A. Find the imgmtixle and direction of 
A from its components. 

Execute: (u) 



so A t aC.-B. 

+ so A,=C, -ff 
= Ceos22.0‘= (6.40 cm|cos22.0° 

^+5.934 cm 

- Csm22.0 : = (6.40 emtsin 22.0° 

= +2.397 cm 

- Kl©< 360 : -63.0 5 ) = (6.40 cm)cos297.0 

- +2.906 cm 

- B sin 297.tr = (6.40 emtsin 297.(T 

= -5.702 cm 


figure 1.71a 


<b) A, - C, - B, = +5.934 cm -1906 cm = +3.03 cm 
A • C ' - B % = +2.397 cm -(-5.702) cm = +8.10 cm 







{ 


1.72. 


1.73. 



D, ^ HA, + B t + CJ and D % ^ HA, + B, +C y ) 
Execute: 


Y 



Figure 1.73a 


A, - -1 SO m. A, -0 

B, = flcos31S° = (2IO m)cos315° «+ 148.5 m 
B . - 5tin315° -(210 m>sin3l5° - -148.5 m 
C 4 =Ccco60 ? -(2S0 m)ca*60 p - +140 m 

C\ ^ Csin60 : - (2S0 m)*in60 : ^ r242.5 m 


D, - HA, + B, + C,) - -(-ISO m + 148.5 m • 140 ml-^-10S.5m 
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D t - -M. r« + C, )--(0- I4K.5 mt-242.5 m>^-94.0 in 



Figure 1.73b 


D*jD)+D] 

l> - ^(-IOK5m>*»(-94.0 ml’ ^ 144 m 

frnfl-^.- 94 - 01 " ,08664 
/). -108.5 m 

0 = IKO : >4O.9 : ^220.9= 

! /> is in the third quadrant since both 

D and D, arc ncnative.) 


1.74. 


1.75. 


The direction of D can also be specified in terms of p - 0- 1KCT - 40.9°; D » 4 l c south of west 
EVALUATE: The vector addition diagram, approximately to scale, is 

v 


Vector D in this diagram 
agrees qualitatively with 
our calculation using 
components. 


figure 1.73c 

iDEVniY: Solve for ooc of the vectos in the vector sum. Use oompenents. 

SET Up: Use coordinates for which t-a is cast arc! ty is north. The vector dispIaccnxnLs arc: 

A - 2.00 km, 0°of cast: B = 3.50 m. 45° south of cast; and R - 5.80 m. 0° east 

Execute: C, = R k -A k -B. - 5.80 km-(2.00 km>-(350kmMcos45 c )-1.33 km ; C, -R,-A,-B f 




- 0 km -0 km -<-3.50 km Msin 45*)- 2.47 km; C = yjil .33 km) 5 *<2.47 km) 5 - 2.81 km : 

0 - tan [(2.47 kml/Xl 33 km)J-61.7 : north of east. The vector addition diagram in Figure 1.74 shows good 


Figure 1.74 


IDEVIITY: The sum of the vectcc forces on the beam sum to zero, so their x components and tlxir v components 
sum to zero. Solve for the components of /•* . 

SET UP: The forces on the beam arc sketched in Figure 1.75a. Choose coordinates as shown in the sketch. Tlx 
ICO N pull makes an angle of 30.9° t 40.0° - 70.0* with the horizontal F and the I00-N pull have been replaced 
by their r aixl y components. 

EXECUTE: (u) The sum of the r eomponents is equal to zero gives F k -f <100 N tcos 70.0* - 0 and F\ - -34.2 N . 
The sum of the v components is equal to zero gives F % (100 N )sin 70.0* - 124 X - 0 and F - +30.0 N. F and 


its components arc sketched in Figure 1.75b. F - ^F t 2 + F : - 45.5 N . tanp =|^|- % ^ and ^ 


41.3°. 


directed at 413* above the -x -axis in Figure 1.75a. 

(b) The vector addition diagram is given in Figure 1.75c. F determined fn>m the diagram agrees with 
F calculated in part (a) using components. 


F is 




1.7*. 


1.77. 


EVALUATE: The \trtical component of the 1 CO N pull is lex* than tbc 124 N weight so F must haw an upward 
component if all three forces balance. 


ICON 



figure 1.75 


IDEs IWY: Tbc four displacement* return her to her starting point, so D • -\A ♦ B f f). where A . B and 
C arc in tbc three given disphvements and D i* the displacement for her return. 

Si ART UP: Let -fx tv cist and +v he north. 

Execute: (a) o, MO 47 km)sin8S o +(106km)«nl67 o +{I66kin)sin23S o ]»-34.3 km 
D ^ -{(147 km(c<i*85 : +| 106 km)co*l67°*(166 km)co*235°l= *IS5.7 km . 


-34.3 km)* +• (185.7 km)* ^ 1S9 km. 


<l>) The direction relative to north is # - ardnn 


34.3 km 
185.7 km 


- 10.5° . Since D < Oand D >0 . the direction of D 

• > 


is 10.5* west of north. 

Evaluate: The four displacements add to zero. 

Idem in and S*:r L'P: Tlx vector A that conixct* point* l x,..!,) and (x 5 , Vj) lias components A t - x 1 -x,and 

A t =y ; - v,. 


Execute: (u) Angle of first line is 0 - tan 'I -I——— 1 - 42 9 . Angle of second line is 42° -t 30* - 72°. 

V 210-10 / 

Therefore.V - 101-250 cos 87. F - 20-t 250 sin 72" - 258 for a final point of(87.258). 

<l») The computer screen now looks something like figure 1.77. The kmgth of the bottom line is 

- 136 and its direction is tan 'I -I—^—— !- 25*below straight left. 

I 210-87 f * 

EVALUATE: Figure 1.77 k a vcctix addition diagram. The vector first line pin* the vevtor arrow giws the vector 




Figure 1.77 
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1.78. iDEVlIfY: Let the three given dwplaecnxntx be A . B and C . w here A - 40 steps . B - 80 Heps and 
C - 50 steps . R - A B ♦ C . Th: dKplacenx-nt C that w ill return him to his hut is -R 
Si:r UP: Let the east direction he the +x*direct>on and the north direction fce th: + r*direction. 

Execute: t a) The three displacements and their resultant are sketched in Figure 1.7S. 

<l» R. -(40)cos45 : -(SO)cos 60* = -11.7 and /? -(40|sm4S o -t(80|sin60*-S0^ 47.6. 

The magnitude and direction of the resultant arc ^(-11.7)* + |47.6)* - 49. are tan j -1— j - 76' . north of west. 

We know that R is in the second quadrant because R t < 0. R> 0 . To return to the hut. the explorer must take 
49 steps in a direction 76" south of east, which is 14^ east of south. 

Evaluate: It is useful to show R t t R and R on a sketch, so we can specify what angle we are computing. 



1.79. IDENTIC: Vector addition. One vector and the sum are green; find the second sector (magnitude and direction) 
SET UP: Let + x he cast and -fv he north. Let A he the displacement 285 km at 40.0 : north of west and let B 
be the unknown displacement. 

AfB-R where R -115 km. east 
8-R-A 

B = /? -A , B - R -A 

* • • > > f 

Execute: A % = -,f cos 40.0°* -218.3 km. A t = -Mxin40.ir = +183.2 km 
R, =115 km. R t =0 


Then B K = 333.3 km. B t = -183.2 km. B - jB\ + B; = 380 km; 


tana - iB % |- (1S3.2 km«333.3 km) 
a * 28.S 3 . south of cast 

Evaluate: The southward component of B cancels th: northward ccvnpoacnt of A. The eastward component 
of B must be 115 km larger than the tmgnztude of the westward component of A 

1.80. IDENTIFY: Find the components of the weight force, using the specified coordinate direction*. 

SET UP: For parts |a) and (b). take +.y direction along the hilludc and the + v direction in the downward 
direction and perpendicular to the hillside. For put (c), a — 35.0 : and w - 550 N. 

Execute: (u> m; = wsma 

(b) w - »v cos a 

(c) The maximum allowable weight is w - w 4 /l sin a I = < 550 N )/(sin35.0‘ ) - 959 N . 

EVALUATE: The component parallel to the hill increases as a increases and the compoixnt perpendicular to the 
hill increases as a decreases. 





I .HI. iDEVnn: Vector addition. One Force and the vector sum arc given; find the second force 
Si:r UP: Use components. Let +»• be upward. 



H is the force the biceps exerts. 


Fijurc I .HI a 

E is the force the elbow cxcrls. IT - B - R. wlerc R - 132.5 N and is upward. 

£, - R t - B t , 

Execute: B --tfsin43°^-15S.2N. B =+£co<43*-*■ 169.7 N. £ -0. * 132.5 N 

Then £ »-fl58J N. £ --37.2 N 
£ - + £f - 160 X; 



t\ | \^i tana -1£, £ 4 1 = 37.2/158.2 

E a = 13°, below horizontal 

Figure 1.81b 

EVALUATE: The x-cocnponcnt of £ cancels the .v-compcx>cnt of B. The resultant upward force is less than the 
upward ccenponcnt of B. so £ t must be downward. 

1.82. iDEWnVY: Find the vectcc sum of the four displacements. 

SET UP: Take th: beginning of the journey as the ongin. with north being the y-dircction. east the .vdireclion. 
and the r*axis vertical. The first displacement is then (-30 the second is (-15 m»the thind is (200 m)#\ 
and the fourth is (100 ml j. 

EXECUTE: (u) Adding the four displacements gives 

(-30 m)i ♦ (-15 m) j ♦•<200 m)/ + (l<)0 m)/-(200 m)i+(8S m>/*-<30 mi k. 

<b) The total distanre traveled is the sum of the distances of the individual segments: 

30 m r 15 m -t 200 m 1100 m - 345 m. He magnitude of the total displacement is: 

D - Jd] . o; f D■ - 200 ml 1 (85 m)’ '(-30 m) ; - 219 m 

EVALUATE: The magnitude of the displacement is much less than the distance traveled along the path. 

1.83. I DE\ nn: The sum of the force displacenxnts must be zero. Use components. 

SET UP: Call th: displacements A . B . C and D . where 0is the final unknown displacement for the return 
from the treasure to the oak tree Vectors A . B . and C arc sketched in Figure 1.83a. says 

A, +B, +C k +D k - 0 and A, +B +C, *0. -4*825 m. B - 1250 m . and C-1000 m . Let +x be eastward 

and +v be north. 

Execute: (u) A t + B t +C\+D. -Ogives D t --i/f.-f£ k -tC ( )-HO-|l250m)siii30.(f-H10CKIm]coft40.(r a )s-l4lm. 
A, +C. + D. - 0 gives D , --(/J, -fl -f C,)--(-S25 m+(l250 m]ccxs30.0 o -f [10CO m)sin40.0')- -900 m . 
The fourth displacement D and its components arc sketched in Figure 1.83b. D - |7)‘ -f D* - 911 m . 


900 m 


and ^ -8.9'. You should h:ad S.9° west of south and must walk 911m. 
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<l») The vector diagram is sketcfoxl m Figure 1.83c. The final dcsplaccnxnt D from this diagram agrees with the 
vector D calculated in jxirt I a l using components. 

Evaluate: Note that D is the negative of the sum of A . B . and C . 



Figure U83 

I.H4. iDEViifY: If the vector from your tent to Joe’s is A and from your tent to Karl's es B . then the vector from 
Joe’s tent to Karl’s is B - A . 

SET UP: Take your tent’s position as the origin. Let +x he east aixl +y be north. 

Execute: Hie position vector for Joe’s tent is 

(|21.0m]cos 23°)r : -(|2IO rnlsm 23 *)j - (19.33 ml/ -(8.205 m) j. 

The position vector for Karfs tent is (132.0 m>:os 37°)/ ♦([32.0 m]sin 3T*)y -(2536 ml/ 4 (19.26 m )}. 

The difference between the two positiems is 

(19.33 m- 25.56 m)/ f (-K.205 m-19.25 m)j - -(6.23 m)r -(2746 ml/ The magnitude of this vector is the 
distance between the two tents: D - ^(-*.23 m)*' 4 (-27.46 m)‘ - 282 m 

Evaluate: If both tents were due east of your*, the distance between them would he 32.0 in - 21.0 in - 17.0 m. 
If Joe’s was doc north of yours aixl Karl's was due south of yours, then the distance between them wsiuld be 
32.0 m -t 21.0 m - 53.0 m . The actual distance between them l*s between these limiting values. 

1.85. iDIAIItY: In liqs.f 121) and (1.27) write th: components of A aixl B in terms of A , B ; 0 t and 0 k . 

SET UP: From Appendix D. cost*? -h) - co%aco*h + sin i/sin/* aixl smltf-6)-sindcos/>-cosdsin/>. 

Execute: (u) With d - 5 -0, Eq.( 121 > becomes 

A t B k +A % B,-{ A cos $ A )(B cos 0 M )+ (A sin 0 A )(B sin 0 k ) 

A t B k t- A B t - AB(co% 0 A cos r sin dScos( 0 A - 0 k ) - AB cos where the expression for the cosine 

of the difference between two angles has been used. 

(b) With A m -5-0, C - Ck and C - |C. |. From Eq.(127), 

K I -\ AB . A «“». tin 0 ,){B cot 0 , )| 

|r| - AB J:os0 4 m0 t - sin (J t cos 0 M | - AB)fki\{0 k -O A )\- A Bun# . where the expression for the sane of the 
difference between two angles has been used. 

Evaluate: Since they arc equivalent, we may use cither liq.t 1.18) or (121) for the scalar product and eitforr 
(1.22) or (1.27) for the vector (voduct. depending on which is the more convenient in a given applxation. 

1.86. Ideviuy: Apply Lqx.*l 18) and <1.22). 

SET UP: The angle between th: vectors is 20° * 90° 4- 30° - MIX’. 

Execute: (b}Eii. (1.18) gives A B = (3.60 m)(140 m)coa 140” = -6.62 m’. 

<l>> From Eq.ll.22). the imgmlu.lt i>f Ihc crott pro duel u( 3.60 m)(2.40 m)tin 140° - 5.55 m’ jtkI the dirccllon. 
from the right-hand rule, is out of the page (the +r-direction ). 

EVALUATE: We could also use EqM 1.21) and (127), with the components of A and B 
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1.87. Identify: Compare the magnitude of the crass preduct. ABx in£ . to the area of the parallelogram. 

SET UP: The tw sid.-s of the parallelogram haw lengths A and /? # is the angle between A And B . 

EXECUTE: la) The length of the bate is B and the bright of the parallelogram it Ax in#. to the area is .f/iun# . 
Thit equals the magnitude of the cross product. 

<h| The crass product ^*JI:t perpendicular to the plane formed by A and B . so the angle is 'Xl*' . 

Evaluate: It is useful to consider the special c»es # - 0" . where th: area is zero, and # - 90°. where the 
paralVrlogram becomes a rectangle and the area it AB. 

1.88. Identity: Use Lq.l 1 27) for the components of the vector product. 

SET UP: Use coordinates with the *t.t*axit to the right + romis toward the top of the page, and -fr-amis out of 
the page. A, - 0. A t - 0 and A m - -3.50 cm . The page is 20 cm by 35 cm, so B % = 20 cm and B . - 35 cm . 
Execute: (/**«) - 122cm\(/ix B) = -70cm J ,(/ixi») ^o. 

EVALUATE: From the components we calculated th: migmtixle of tbc vector produrt it 141 cm*. 

B - 40.3 cm and #* 90% so AB sin l — 141 cm 1 . which agrees. 

1.89. IDENTIFY: A and B arc given in unit vector fenn Find .1, B and the vector datTcrencc A-B 
SET UP: A - -2.00# + 3.00 j + 4.001. B - 3.00f + 1.00/ -3.00A 

Use Lq.< 1.8> to find the magnitudes of tbc vectors. 

Execute: (u> a - - A \- a] = ^(-2.00r' -(3.0(» ! -.(4(i0> ; -5.38 

b - -^(j.oor'ni.cxn* -.(- 3 . 001 ' -4.36 

<b ) A- B- (-10W-3.00 j’ 4.00*1 - (300/ * 1.00/ - 3.0*) 

A-B =(-100- 3.00>/ »(3.00 -1 .00)j r (4.00 -(-3J)0()i - -SOW. 2.00/*7.00*. 

<c> Let C -A-B. toC,- -5.00. C, = -2.M. C. = -7.00 

=^- 5 . 001 ’-.(’.oornT.oor =s.»j 

B-A--(A-B). 5i> A-B and B - A havr the tame imgmtixle bill opposite directions. 

EVALUATE: A % B and C are each larger than any of their components. 

1.90. Identify: Calculate the scalar product and use Eq.( 1.181 to dclermin: #. 

SET UP: Tbc unit vectors are perpendicular to each other. 

EXECUTE: The dircctxm vectors each have rragnstude >/3 . and their scalar product is 
(I)( 1 ) + (I)(- 1 ) -f 1 1 )(- 1 ) = - I. so from t:q. 11 . 1 8 > the angle between th: hands is 

- uncos| -11- 109 1 . 

Evaluate: The angle between the two vectors in the bond directions is greater than 90". 

1.91. IDF.M1FY: Use the relation derived in pirt (a) of Problem 1.92: C 3 - A ! + B 3 ♦ 2 AB cos#. where # is the angle 
between A and B . 

SETUP: cos#^0for #-90". cos# <0 for 90 1 < # < 180° and cos# >0 for 0*<#<9O% 

Execute: (u) If C 3 - A 1 -t B\ cos # - 0. and the angle between A aixl B is 90° (the vectors arc 
perpendicular I. 

(b> If C* < A : ♦ B\ cos#<0. and the angle between A and B is greater than90° . 

(c) If C 3 > A 3 * B\ cos# > 0. and the angle between A and B is less than 90*. 

EVALUATE: It is easy to verify the expression from Problem 1.92 for the special cases # - 0. where C - A-t B , 
and for #-IK0% where C-A-B. 

1.92. Identify : Let C-A+B and calculate the scalar product C C . 

SET UP: For any vector V . V y \ } = V *. A B - ABcot# . 

EXECUTE: (u) Use the linearity of the dot product to show thit the square of the magnitude of the sum A ♦ B is 
A+b)-(A*B)-A A + A B + B A + B B-A A + B B+2A B = A* + B 3 +2A B 
= A 3 + B 3 + 2AB cos# 











Execute: 


W’B\ Jl'-j.ooi 1 »i 2 . 001 ' 

Uxfl-.Ifisiny. wnfl-j-1 A - O.S9S4 

I AB (3.00)13.00) 


O - sin ‘ '(0.5984) ■ 36.8°. 

Evaluate: Wc haven't found .( ami B . jutl the angle between them 
.97. (a)I dentify: Provethat 4) C. 

Set Up: Express the scalar and vector product* in term* of components. 

Execute: 

A ■i**c)-A.{ixc)+A,{a*t) t +A,iB*c) i 
A (a-C)*A.{B.C. - B.C. )./.( B.C. - B.C.), A,{B.C . - B.C ,( 
{A*B)C-(A*B)C',{A*B)C.{A»a\C 
\A*B) C = {AB' -AB )C +{AB.-AB.)C +{AB. -AB.)C 
Comparison of the expressions for A ! B * C I am! I A * B I C show* Uky contain the same terms. so 


A\B<C)^\A*B)C. 


<b) IDENTITY: Calculate | A*B) C\ given the magnitude and direction of A. B s and C 

SET UP: Use Eq.< 1.22) to find the magnitude and direction of A * B Then we know the components of A * B 

and of C and can use an expression like Eq.| 1.21) to find the scalar product m terms of components. 

Execute: ^ = 5.00; 0^26.0°; a-4.oa 4,=63.<r 
- A Bun 

The angle ^ between A and B is equal to $-O v - 0 A - 63.0* - 26.0* - 37.0°. So 

|.4«*| -(5.00)(4.00>*in37.0 : - 12.01. and by the right hand rule A > B is in the +r‘direction. Thus 

[A* B) C = (12.04)(6.00) ^ 72.2 

EVALUATE: A * B is a vector, so taking its scalar product with C is a legitimate vector operatic*). {A * B | C 

i* a scalar product between two vector* so th: result i* a scalar. 

.98. IDENTITY: Use the maximum and minimum value* of the dimension* to find the maximum and minimum areas 
and volumes. 

SET Up: for a rectangle of width If and length L the area is LW. for a rectangular solid with dimensions X, W 
and // the volume is LWtt. 

EXECUTE: (u) The maximum ami minimum areas arc (X t- /)(W -f w) - LW + iW + Xic. 

(*-')<»' - w) - LW - /W - Lw. where th: common terms have been omitted The area and its uncertainty arc 
then MX ± (IW + Xu). so th: uncertainty in the area is a - tW + Lu: 

<h| Tlie fractional uncertainty in th: area is — l --—L- -L + 2-.. the sum of the fractional unccrtaimie* in th: 

A II /. X W 

length and wxlth. 

(c) Tlie similar calculation to find th: unrertainty v in the volunv will involve neglecting the terms ML iHTi and 
Lyx'h as well as M. i; the uncertainty in the volume i* v= l\VH + LwH ♦- LWh. and the fractional uncertainty in tlie 

. . v mi + Xir/y + LWh iwh _. - ......... 

volume is — --— t — t — .the sum of the fractional uncertainties m the length, width and 

v L\vn x w n 

height. 

EVALUATE: The calculation assumes the uncertainties arc small, so that term* involving products of two or more 
uncertainties can be neglected. 

.99. IDLMITY: Add tlie vertex displacen»mts of the receiver and then find the vector from the quarterback to the 
receiver. 

Set Up: Add the x-cocnponcnts and the r-compcmcnts. 
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1 - 100 . 


1 . 101 . 


Execute: The receiver's position is 

[(+1.0 + 9.0 -6.0 + 1 2.0) yd> : 4- [(-5.0 + 1 1.0 + 40+ 1 0.0) >xl] } -(16.0 >d )/ + (28.0 yd )}. 

The vector from the quartcrbuck to the receiver is the receiver's positicei minus the quarterback’s position, or 
116.0 yd )i + (35.0 yd )j . a vector with magnitude ^(16.0 yd) ; 4- (35.0 \d)‘ - 38.5 yd . The angle is 

arc-tan! T -l-| j - 24.6° to the right of dowiftcld. 


Evaluate: The vector from th: qiuiterhack to receiver has positive x-compoocnt and positive r-compccieiu. 
IDENTIFY: Use the .r and > coordinates for each object to find the vector from one object to the other; the distance 
between two objects is the magnitude of this vector. Use the scalar product to find the angle between two vectors. 
SET UP: If object A has cooniinatcs (x A% y A ) and object B has coonlinates (i*. Vj), the vector j* u from A to B 
has x-coirponcnt x M -x^andycoirpoocnt y M —y A . 

Execute: (u) Tlic diagram is sketched in Figure 1.100. 

<■»<() In AU. ^'<0.3182)' (0.9329)' =0.9857. 

(ii) In AU. yj(l _?087> ; <-0.4423)' » (-0.0114|’ = I 3820. 

(iii) In AU J(0.3I82 - I.3087} 1 -.10.9329-(-0.442?))-' »(0.(MI4)' = I*95. 

(c) The angle between the directiceis from the Farth to the Sun and to Mars is obtained from the dot product. 
Combining liquations (1.18) and (1.21), 


^ - arecos 


r (-0.3182K1.3087 - 0.3182) 4-I-0.9329 K-0.4423 - 0.9329) + (0) 
i0.9SS7Ml.695) 


-54 


<d) Mars could not have teen v isible at midnight, because the Sun-Mart angle is less than 9tT. 

EVALUATE: Our calculations correctly give tliat Mars is farther fn>m the Sun than the earth is. Note that on this 
date Mars was farther from the earth than it is from the Sun. 



Figure 1.100 

I DEV II tY: Draw the vector addition diagram for the position vectors. 

SET UP: Use coordinates in which the Sun to Mcrak line lies alcoig the x-axis. Let A be the position vector of 
Alkaid relative to the Sun. M is the position vector of Mcrak relative to the Sun. and R is the position vector fee 
Alkaid relative to Mcrak. 138 ly and M =77 ly. 

Execute: The relative positions arc shown xn Figure 1.101. M + R- A . A K 4- R t so 

R, -±A, -A/.=(138ly)cos25.6°-77 ly = 47Jly. *,=.4,-A/. =(138 lyUin 25.6°- 0 = 59.6 ly. * = 76.2 lyis 

the distance between Alkaid and Mcrak. 

<b> The angle is angle din Figure 1.101. cos# - ~ - --— i - and l - 51 .4°. Then d-l80°-l - 129°. 

* 76.2 ly 

Evaluate: The concepts of vector addition arxl components make these calculations very single. 



Figure 1.101 
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1.102. IDENTIFY: Define S - At + Bj+ Ck . Show that r S - 0 if Ax + By+ Cz - 0. 

Set UP: Use Eq.(l.2l) to calculitc the scalar prodiKl. 

Execute: r S=(xJ 4 yj+ zi>•<Ai 4 Bj+Ck )-Ax+ By+Cz 

It*the point* satisfy Ax 4 By 4 Cz - 0, then r S -0 and all point* r arc perpendicular to .V . The vector and plane 
are sketched in figure I 102 . 

Evaluate: If two vectors are perpendicular their *calar product is zero. 



/ 

Figure 1.102 
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2.1. iDiVllfY: The avunigc velocity it v* M . 4 - — 

SET UP: Let +x be upward. 

_ 1000 m-63 m t-Vi 

Execute: (u) --—- 19? m's 

AX 1000 m -0 .... 

(b> v m ^ ——--169 m s 


Evaluate: Tor th: fin* 1.15 s of the flight, v 


t>y m - 


54.K mi's When the velocity isn't constant the- 


42 nv s 


average velocity depend* on the time interval chosen In this motion th: velocity is increasing. 

2.2. iDEMin: 1 * - — 

tu 

SETUP: 13.5 days - 1.166x10* s. At th: release pcxnt. x - *5.150x I0‘ m . 

_ * 2 -x. 5.150x10" m 

Execute: (ui v - —— -- -4.42 m s 

to 1.166x10 s 

(b) For the rv>und trip. .v. - x, and Ar - 0. The average velocity is zero. 

EVALUATE: The average velocity for the trip from the nest to the release point is positive. 

2.3. iDEVim: Target variable is the time Ar it takes to make the trip in heavy traffic. Use Fq.(2.2) that relates the 
average velocity to the displacement and average time. 

SETUP: v -^1 «» Av*v A 2 and Ar—— 

** A t v 

EXECUTE: Use the information given for nsirmal driving conditxm* to calculate the distance between the two 
cities: 

Ar a iv...Ar =(105 km/h XI h. 60 minXI40 mint - 245 km 
Now use v (or heavy traffic to calculate Ar; Av is the same as before: 


Ar 245 km 
7<) km h 


3.SQh-3 h and 30 mm. 


The trip takes an additional 1 hour and 10 minutes. 

EVALUATE: The time is inversely propocticmal to th: average speed, so the time in trafiV: is 
(105/70X140 m)-210 min. 

2.4. IDKMIPY: The average velocity is v a Use the average specs! for each segment to find the time traveled 

in that scgnxnt. The average speed is the distance traveled by the tinx. 

SET UP: The past is 80 m west of the pollar. The total distance traveled is 200 m + 280 m - 4X0 m . 

Execute: (u) The eastward run takes time 40.0 s and th: westward run takes - S> ~ M 70.0 s The 

5.0 m s 4.0 m s 


average speed for the entire trip is —-■ 4.4 m*. 

(hi v - — - —-—— -0.73 m s . The average velocity is dircclcd westward 
~ Ar 110.0 s 7 


2*1 





2 
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Evaluate: The displacement is much lew than the distance traveled and the magnitud: of the average velocity 
is much less than the average speed. The average speed for the entire trip has a value that Iks between the average 
speed for the two segments 

2.5. iDfvnn: When they first meet the sum of the distances ibey hive run is 2<M) m 

SET Up: Each runs with constant speed and continues around th: track in the same dirortion. so the distance each 
runs is given by d - w . Let the two runners be objorts A are! D. 

Execute: (u) d.+d A - 2X m. so (6.20 m sif ■* (5.50 nvs)r- 200 m and t - ■ =17.1 s. 

11.70 m s 

<l»> d A - vj = (6.20 nv’s)fl7.l s) - 106 m d k = vj = (5.50 m«sK17.1 s) -94 m Th: faster runner will be 106 m 
from the starling point and the slower runner will be 94 m from the starting poant. These distances arc measured 
around the circular track and are not straight-lim distances. 

EVALUATE: The faster runner runs farther. 

2 .6. iDLYIItY: To overtake th: slower runner the first time the fast runner mast run 200 m farther. To overtake the 
slower runner the second time the faster runner mast run 400 m farther 

SET UP: / and x t .are th: same foe the two runners. 

Execute: (u) Apply x - x v = »•, t to exh runner (x - x t ) t = (6.20 m s )i and (x - x, \ = <5.50 m’s)r. 

(x -x,>, - (x - x ) ♦ 200 m gives (6.20 m sir = (5.50 m'sV r 200 m and / - '' -- 2K6 s. 

4/1 0 4 * 6.20 ms -5 50 ms 

(.v-^,), =1770 mand (*-^> % =1570 m. 

(H> Repeat the calculation but now (x - = (.y - *,), 400 m / - 572 s . The fast mrmer has traveled 3540 m 

He has made 17 full laps for 3400 m and 140 m pist the starting lin: in this IS 1 * lap. 

EVALUATE: In part (a) the fast runner w ill have run 8 laps for 1600 m and will be 170 m past the starting line in 
his lap. 

2.7. 1DEM1FY: In time f* the S*wavcs travel a distance d - i t f t and in tinx t, the P-waves travel a distance 
d - V# - 

SETUP: r-/ t + J 3 s 


d d 

Execute:-+ 33 % 

IV i> 


3.5 km s 6.5 km s 


33 s and rf^250km. 


Evaluate: The times of travel for each wave are \ = 71 s and f, - 38 s . 

Ar 

2.8. Idlviify : The average velocity is v 4t . 4 - —. Use x{t) to find x for each /. 

Af 

SET UP: x< 0> ^ 0, x(2.00 s) ^ 5.60 m . and x<4.00 s) - 20.8 m 

Execute: (u) v„. ; - ; *2.80 m* 

(b) v : ' - ~ £ ^ .5.20 m* 

' 4.0l>i 

v 20.8 m-5.60 m - 
<f> V - "- 2Ml -" 

Evaluate: The avenge velocity depends on th: txn»: interval being considered. 

2.9. (a) IDENTIFY: Calculate the average velocity using liq.(2.2). 

Ay 

SET Up: i' R<< -so use x(/> to find the displacement Ay for this time interval. 

A t 

Execute: #-0: .y = 0 

I - 10.01: .< - 12.40 mV'XlOO *)’ -(0.120 m»‘UI0.01) ; - 240 m - 120 m - 120 m. 


Then i H2JH = I2.0 mV 

A/ 10.0* 

(H) Idem itv: Use liq.t2.3i to calculate »• (/) and evaluate this expression at each specified /. 


SETUP: v - _ - 2h< - 3r/\ 

* dt 

EXECI TF.: (i) / - 0: v, =0 

(li) I - 5.0 s: v, -2(2.40 m.'i ! 1(5.0 *)- 3(0.120 nv'*'K5-0 i) 1 - 24.0 m'i -90 nv'i -15.0 mi. 

(lii) t ^ 10.0 %: v. - 2(2.40 mV 1(10.0 *) - J|0.120 m *‘l(10.0 *)' - 4S.0 mb - 36.0 nVi - 12.0 mb. 
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(c) IDENTIFY: Find the value of / when v 4 (0 from pari <b( rs zero. 
SETUP: v. = 26f - 3ct 3 


2 . 10 . 


2 . 11 . 


2 . 12 . 


v 4 = 0 at r - 0 . 

v. = 0 next when Ihi - 3rf 5 - 0 

Execute: »■!-m, 

3r 30(120 mS 1 ) 

Evaluate: i,(f) foe this motion says the ear starts from rest, speeds up. -**>d then diws down again. 
IDENTIFY and SET Up: The instantaneous velocity is the slope of the tangent to the t versus / graph. 
EXECUTE: (u) The velocity is zero where tlx graph is horizontal: point IV. 

(b| Tlx velocity is constant and positive where the graph is a straight line with positive slop:: paint I. 

(c) The velocity is constant and negative w here the graph rs a straight line with negative slop:; point V. 

(cl) The slope is positive and itxreuxing at point 11. 

(e) The slope is positive and decreasing at pomt III 
EVALUATE: The sign of tlx velocity indicates its direction. 

IDENTIFY: The average velocity is given by v - — . We can fmd the displacement Aj for each constant 

Af 

velocity time interval. The average speed is tlx distance traveled divide! by the time. 

SET UP: For / - 0 to / - 2.0 s . v, - 2.0 m s . For t = 2.0 s to / - 3.0 s. v, - 3.0 ms . In part |b>. 


v. - -3.0 ms for / - 2.0 s to / - 3.0 s . When the velocity is constant. Ax = v.A/. 

Execute: (u) For / - 0 to / - 2.0 s , Ay - (2.0 m'sK2.0 s) - 4.0 m . Far / = 2.0 s to f - 3.0 s. 

Ay - (3.0 m's* I.0 s) - 3.0 m . For the first 3.0 s. Av - 4.0 m ^ 3.0 m - 7.0 m . The distance traveled is also 7.0 m. 


Tlx average velocity is v .-- 2 A3 m's . The average speed is also 2.33 m's. 

Al 3.0 s 

(h) For / - 2.0 s to 3.0 s. Ar - (-3.0 m sH 1.0 s) - -3.0 m. For the first 3.0 s. Ay - 4.0 m *(-3.0 n)-tl.0m. 

Tlx dog runs 4.0 m in the + x -direction and then 3.0 m in the -* direction. »o the distance traveled is still 7.0 m. 

Ar 1.0 m 7.00 m . 

v.-0.33 m s . The average sived is -- 2.33 m's . 

Ar 3.0 x 3.00 s 

EVALUATE: When the motion is always in tlx same direction* the displacenxnt and tlx dislaixe traveled are 
equal and the average velocity his the same magnitude as the average speed. When the motion changes direction 
during the tinx interval, those quantities are different. 

Av 

Identify and SET Up: a - —-. The instantaneous acceleration is the slope of the tangent to tlx v versus 

Aj 

t graph 

Execute: (u) 0 s to 2 s: = 0 ; 2 s to4 s: a^ A - 1.0 til's 5 ; 4 s to 6 s: a^ A - 1.5 m s 5 : 6 s to S s: 

- 2.5 m s 5 ; 8 s to 10s: a dtl - 2.5 ms 5 ; 10 s to 12 s: a^ A - 2.5 ms 5 ; 12 s to 14 s: a =1.0 m's 5 ; 14 s to 


16 s: a t ,, - 0 . Tbc acceleration is not constant over the entire 16 s tinx interval. The acceleration is cixistant 
between 6 s and 12 s. 

(b)The graph of v 4 versus /is given in Fig. 2.12. t =9 s: a, - 2.5 m's*: /-13s: -1.0 m’s’; /—15 s: a 4 = 0. 
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2.13. 


Evaluate: The acceleration is constant when the velocity changes at a constant rate. When the velocity is. 
constant, the accelcraticoi is zero. 

'.HW 



rW 


Si:r L’P: Assume the car is moving in th: *t.r direction. 1 mih - 0.447 mi's , so 60 mi h - 26.S2 m's , 
200 mi. h - 89.40 m s and 253 mi h -113.1ms. 

EXECUTE: (a> The graph of v, versus / is sketched in Figure 2.13. Th: graph is not a straight line, so the 
acceleration is not constant. 

26.82 m's-0 . j .... 89.40 ms - 26.82 m's 7 cn , > ..... 

— 12.S ms n) a-3.50 m's mu 

' ' at n t l ' ' 


(b)<i) * 


2.1 

13.1 m's -89.40 ms 


20.0 s- 2.1 s 

- 0.718 m s 1 . The slope of the graph of r versus f decreases as / increases. This is 

53 s-20.0 s 

consistent with an average acceleration that decreases in magnitude during each successive time interval. 
EVALUATE: The average acccleratxm depends on the chosen time interval For the interval between 0 and 53 v 
113.1 m's-0 


2.13 mV . 
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2.14. IDENTIFY: a^. t ~-. a t (t I is the slope of the v t versus / graph. 

Ar 

SET UP: 60 km h ^ 16.7 m s 

.. , w . fc 16.7 m's-0 t . 0-16.7 m s „ , 2 

Execute: (a)(i)<r --1.7 mV. (u> a =---1.7ms*. 

10 s 10 s 

<iii) Av, - 0 and a 4I A = 0 . (iv) Av, = 0 and a 4t 4 = 0. 

<b> At t - 20 s. v. is constant and <i t - 0. At t - 35 s , the graph of v 4 versus / is a straight lior and 
o. >-1.7 mi'. 

CVAliiATE: When a sM ami v have the same ngn the speed is increasing. When they have opposite agn the 
speed is decreasing. 

dx dv 

2.15. IDEMm and SET I’P: Use \\ -and a -1 to calculate v.</> ami a (/). 

dl dl 


Execute: v - — - 2.CXI cm s - (0.125 cmV v 


a -_L- -0.125 cm’s* 

1 dt 

(a) At / - 0. r - 50.0 cm. v. - 2.00 cm's a, - -0.125 cm's*. 

(b> Set i-.-O and solve for r. i =16.0 s. 

(c) Set x - 50.0 cm and solve for /. This gives / - 0 and / - 32.0 s. The turtle returns to the starting point after 

310 s. 

(dl Turtle is 10.0 cm from starting paint when x - 60.0 cm or x - 40.0 cm. 

Set x - 60.0 cm and solve for t: f- 6.20 s and / - 25.8 *. 

At r - 6.20 s. »•,=+!.23 cm s. 

At r - 25.8 s. v, =-1.23 cm*. 

Set x = 40.0 cm and solve for /: / - 36.4 s (other root to the quadratic equation is negative and hence 
nonphysical). 

At r = 36.4 s. » 4 = -2.55 cms. 

(c) The graphs are sketched in Figure 2.15. 

Y x x 


Figure 2.15 

EVALUATE: The acceleration is constant and negative, i. is linear in time. It is initially positive, decreases to 
zero, and then becomes negative with increasing magnitude. The turtle initially moves farther away from the origin 
but then stops and moves in the —x-direction. 

2.16. iDEMin : Use Eq.f2.4). with Si - 10 s in all cases. 

Set Up: \\ is mgativc if the motion is to the nght. 

Execute: (u> ((5.0 m'*)-(l5.0 m<*))/(10 ^ -1.0 n»'»' 

<b>((-IS.Om'»)-(-S.Om , »))/(lO*)--IOm , * J 

<c» ((-15.0 m'»)-(+l5.0 m>l))/(l0 *)>-3.0 i»¥ 

EVALUATE: In all eases, the negative acceleration indicates an acceleration to the left. 

2.17. IDEM1FY: The average arcelcration is a 4l . t —— 

St 

SET Up: Assume the car goes from rest to 65 mi.'h <29 m/s) in 10 s. In braking, assunx the car goes from 65 mi h 
to zero in 4.0 s. Let +x be m the direction the car is traveling. 

29 in s-0 


EXECUTE: (u)d 


2.9 m s* 


0-29 m s , 

™»> fl ...-75- ~ 7 ' m% ' 
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2 . 18 . 


(cl In fort (at the speed increases so the acceleration is in the some direction as the velocity. It'the velocity 
direction rs positive. tlxn the acceleration is positive. In pirt |bt the speed decreases so the acceleration is in the 
direction opposite to the direction of the velocity. If tlx velocity direction is positive then tlx acceleration is 
negative, and if the velocity direction is negative then the acccVrration direction is positive. 

EVALUATE: The sign of the velocity and of the acceleration indicate their direction. 

I DEN iipn: The average arceieration is a - _!— Use i (I) to find v at each /. The instantaneous acceleration 

A/ 

d\\ 

IS i7 - - 

dt 

SETUP: »,(0)-3.00 mf %and v (5.00 s)-5.50 m s. 


Av 5.50 m s-3.00 m s t 

Execute: (u> 0 -- 0.500 m s* 

A/ 5.00 s 

(b) a, - = (0. ICO m's‘|(2/) - (0.200 nvs'b . At f-0. a, = 0. At 1-5.00*. <i 4 =1.00 mb'. 

dt 


(c) Graphs of »\(l) and a t (/) are given in Figure 2.18. 


Evau'.\TE: 


0.(0 is the slope of v.(/) and increases at t increases Tlx average acceleration fee f - Oto 


t - 5.00 s equils the instantaneous acceleration at the mxlpoint of the time interv al, i - 2.50 s. since a.(f) is a 
linear funclion of t. 
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Figure 2.18 



2.19. (a) iDEVIIfrY and SET Ilf: v, is the slope of the x versus / curve and a t is the slope of tlx v 4 versus / curve. 

EXECUTE: / - 0 to / - 5 s: .v versus / is a parabola so a; is a constant. Tlx curvature is positive so a . is 
positive. »'. versus t is a straight line with positive slope, v*. - 0 . 

t - 5 s to l -15 s: x versus / is a straight line so v 4 is constant and a t - 0. The slope of x versus / is positive so 
v 4 Ls positive. 

t - 15 s to f = 25 x: v versus / is a parabola with negative curvature, so u 4 is constant and negative, v. versus / is a 
straight lirx with negative slope. The vekicity is zero at 20 s. positive for 15 s to 20 *, and negative for 20 s to 25 s. 
t = 25 s to f - 35 s: x versus / is a straight line so v 4 is constant and a t - 0. The slope of x versus t is negative so 
v 4 is negative. 

r =35 s to t - 40 s: v versus / is a parabola with positive curvature, so <j 4 is constant and positive, v, versus / is a 
straight liix with positive slo^x. The velocity reaches zero at / - 40 s. 
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The graph* of »• (/) and 0 (#) arc sketched in Figure 2.19a. 


10 •' * *) 35 



Figure 2.19a 


(It> The motion* diagrams arc sketched in Figure 2.1%. 


'-2.5 s 


f- 10* 


f- 3X5 h 


Figure 2.I9I> 


EVALUATE: The Spider ipeeds up for the first 5 s. since v and u. are both positive. Starting at ( - 15 s the 
spider starts to slow down, steps nxiomntanlv at / - 20 s. and then moves in the opposite direction. At / - 35 s the 
spoder starts to slow diwn again and stops at / - 40 * 

2 .20 . Identify: t m-liland a (f) s ^r- 


SETUP: — ‘for i21. 

i it 

Execute: <u> v (/)-(9.60 mV'y-<0.600 nvi'k' and <j<i>- 9.60 ins* -(3.00 ms**/ 4 . Setting t -0 gives 
r a 0 and / - 2.00 x. At / = 0 , j - 2.17 m and a, - 9.60 mV .At t - 2.00 s, .r - 15.0 m and <j t - -38.4 ms*. 
(l»l Tlie graphs are given in Figure 2.20. 
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EVALUATE: Foe tlx entire time interval from / - 0 to / - 2.00 x. tlx velocity v ( ix positive and .r increases 
While a, ix also positive the xpeed increases and while a t is negative the xpeed decreases. 

x(i> r.Cr) 



2.21. IDENTIFY: Use the constant federation equations to find and ir m . 

(a) SEr Ur: The situation is sketched in Figure 2.21. 

x - x v - 70.0 m 
/ = 7.00 x 
v * 15.0 mi's 

*o *“0 *-7D.i)in -n 

i-O r -7.00x 

Figure 2.21 



Execute: Use .r 


u, . i .2 i 70£m>_ 

* 2 / “ i ' ?<K0' 


. .. v\ - \\. 15.0m's -5.0m's , 

ib) Use v 4 = v* + - = 13 ^ * 

Evaluate: The average velocity is (70.0 mV(7.00 s) - 10.0 in x. He final velocity is larger than this, so the 
antelope must he speeding up during the time interval; v l4 < v. and a k > 0 . 

2.22. IDEVTIFY: Apply the constant acceleration kinematic equitionx. 

si:r UP: Let + x he in tlx direction of the motion of tlx piine. 173 nu h - 77.33 m's . 307 ft - 93.57 m 
EXECUTE: ta> v 4 , - 0. v - 77.33 msand x-x v -93.57 in . v l = + 2* (x-x^>gives 


2(x-x*) 2(93.57 m) 

+ 0 • 2<x-xJ 2(93.57 m) 

n>) x-xr-i ——-If g»'« ——- 

1 2 J 6 i lt +v ( 0 + 77.33 mS 

i - J 


2.42 s 


EV ALUATE: hither i\ - i i4 *f aj or x- x t - v,,f -t LaJ could also he used to find / and would give the same 
result as in part l b). 

2.23. IDENTIFY: For constant acceleration. Eqs. (2.8), (2.12), (2.13) and (2.14) apply. 

SET UP: Assume the ball starts from rest and moves in the ♦-a- direction. 

EXECUTE: i a > X - x, -1.50 m , v. - 45.0 ms and \ Vt - 0 . = if, -f 2a 4 (x-x,) gives 

vj-v? (45.0 mb? ___ , s 

a t — -- - 675 m x‘. 

2|x-x,) 2(1.50 m) 


(\\ +v\ . 2<x-x ) 2(1.50 m) 

ft»> x-x. - —-- \t gives /-:---: 

l 2 ) v, ■fi 4 45.0 ms 


!).(Htt7 s 


45.0 ms 


EVALUATE: We cuu hi also use r - i. -t a ( to tmd /-- 


a t> '5 ms 


G.0667 x which aerecx with our 


prcvxius result. The acceleration of tlx ball is verv large. 
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2.24. lDF.vim: For constant acceleration. Eqs. 12 K).(2.I2). (2.13> and (2.14» apply. 
SET L t P: Awumc the ball moves in the +x direction. 

Execute: (u) v - 73.14 m/s , v t# =0 and / - 30.0 ms. v - v tt -f at gives 

• A ( ft* # 


30.0 k 10 s 


v r v 


HO 


Dr 73.14 ms 


|(30.0x10 > s)Bl.!0m 


i - j 


EVALUATE: We could also use x-x p -\\t + ±a t t to calculate x-x Q : 

x - X, - 4J2440 m* J >(30.0 x 10 1 %)* - 1.10 m * which agrees with our previous result. The acceleration of the ball 
is very large. 

2.25. IDENTIFY: Assume that the acceleration is constant and apply the constant acceleration kinematic equations. Set 
|equal to its maximum allowed value. 

SET UP: Let + x be the direction of the initial velocity of the car. a - -250 ms*. 105 kmh - 29.17 m s . 


Execute: v p - +29.17 m s. * - 0. - »•.*, ♦ 2a Ax - xj wvc* x - a. 


pj-fi 0-129.17 m's) 


-1.70 m. 


2a, 2(—250 ms* > 

EVALUATE: The car frame stops over a shorter distance and has a Larger magnitude of acceleration. Part of your 
1.70 m stopping distance is the stopping distance of the car and part is how far you move relative to the car while 
stopping. 

2.26. iDEVim : Apply constant acceleration equations to the motion of the car. 

SET L t P: Let +x he the direction the car is moving.. 

Execute: (u) From Eq. (2.13). with i -0. u --!_- ■-1.67 m/V. 

M 2(120 ml ’ 

(b) Using iiq. (2 141. j =2(i- j,1/v -2(120 m)/|20 n^i|-l2». 

(c) (12 »K20 m/») - 240 m. 

Evaluate: The average vekicitv of the car is half the cccivtant speed of the traffic, so the traffic travels twice as 


Av 

2.27. iDLMin: The average federation is a,,., -For constant acceleration. Iiqs. (2.8). (2.12), (2.13) and <2.14» 

A t 

apply. 

SET L’P: Assume the shuttle travels in the +x direction 161 kmh - 44.72 m's and 1610 kmh - 447.2 m's . 

1.00 min - 60.0 s 

At 44.72 m's - 0 


EXECUTE: (iiHH a -—1 
Af 


447.2 m's - 44.72 m’s 

In) -7.74 mV 

4 4 60.0 s - 8.00 s 


5.59 m s 


(b> (i) t - 8.00 s, v. - 0. and v - 44.72 m's . x-x\- --— • - -— “ M ' 1(8.00 s) - 179 m. 


2 ) \ 2 

(ii) Ar - 60.0 x -8.00 s -- 52.0 s . - 44.72 m's. and v ^ 447.2 m s . 

v. t +v k \ 1 44.72 m's + 447.2 ms 


T-A. 


= 


(52.0 x)- 1.28x10* m. 


2 ) \ 2 

Evaluate: When the acceleration is constant the instantaneous acceleration throughout the time interval equals 
the average acceleration for that time interval. We could have calculated the distance in port la) as 
x - x, - V'u.i r ’ — 4(5.59 m s’ K8.00 s)‘ - 179 m . which agrees with our previous calculation. 

2.28. IDENTIFY: Apply the constant acceleration kinematic equitions to the modem of the car. 

SET L’P: 0.250 mi - 1320 ft . 60.0 mph - 88.0 ft 's . Let +x be the direction the car is traveling. 

Execute: (u) braking: v Uj - 88.0 ft*, x - x v - 146 II. v. - 0 . vj * *£ r 2a, (x - x,> gives 

°-< 8SOM) ‘ m -26.5^ 

2(»-«,> 2114611) 

Speeding up: v Pt - 0. x -x 4 * 1320 ft , t » 19.9 s. x - x 4 * v u # ♦ ±<i r gives 

2^;2,.3201») a6 67 R | i 
I 2 (19.9 si’ 
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2.29. 


2 JO. 


(b> V - V tfl /a0-f (6.67 ft.‘s J HI9.9 s)- 133 ft's = 90.5 mph 


|c>r- 


»." % 


-8S.Qft s 


3.32 s 


. -26.5 ft x* 

EVALUATE: The magnitude of Ihc acceleration while braking is much larger than when speeding up. That is why 
it takes much longer to go from 0 to 60 mph thin to go from 60 mph to 0 . 

IDENTIFY: The acceleration <J 4 is the slope of the graph of v # versus t. 

SET UP: Tbc signs of v and of a t indicate their directions. 

Execute: (u) Reading freen tlte graph, at / - 4.0 s , \\ - 2.7 cmx . to the right and at / - 7.0 s , v t - 1.3 cmx. 
to the left. 

8.0 cm's , % 

(b) v versus / is a straight line with slop: -- -1.3 cm s* . Tlic acceleration is constant and equal to 

60s 

1.3 on'i J . to the left. It has this value at all times. 

(cl Since the acceleration is constant, x - x tt - v t t + laj* . For / - 0 to 4.5 s, 
x - x, = (K.O cmi)(4.5 *).• i(-l.3 cmV H4.5 *) J - 22.8 cm. For f - 0 to 7.5 %. 
x-x. =(8.0 cm'»)(7.S J cm V'M7.5 *)' = 2J.4 cm 

(<lF The graphs of <i t and x versus t are given in Fig. 2.29. 


EVALUATE: In part (c> we could hive instead used x-x. 




“1 3 n\lr 



Figure 2 29 


IDEVIUY: Use the constant acceleration equations to find r, wj, * i. and <i 4 for each constant acceleration 
segment of tlte motion. 

SET UP: Let +x be the direction of motion of the car and let x - 0 at the first traffic light. 

EXECUTE: (u) For / - 0 to / - 8 s : x — j *' ^ * ‘ ;r - J . ,> * ni ’ j(8 s) = 80 m . 

ii t -1 -1 - S - +2.50 nt's ; . The car moxes from .r - 0 to v - 80 m . The velocity v snercascs linearly 

from zero to 20 m*. The acceleration is a constant 2.50 m's*. 

C onstant speed for 60 in: The car moves from x - 80 m to x - 140 m . \\ a a constant 20 m’s. a. - 0. This 

60 in 


interval starts at / - ft s and continues until t - 


18 x »1 Is . 


20 nvs 

Slowing from 20 m's until stopped The car moves from x - 140 m to x - 180 m . The velocity decreases linearly 

-<20.0 ml)- 


from 20 nvs lo zero, x - x, - 




-5.00 mV This segment is from /-II s to /-15s. The acceleration rs a 


2(40 m l 
constant -5.00 mV. 

Tlic graphs are drawn in Figure 230a 

(b) Tlte motion diagram is sketched in Figure 2.30b. 
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At f - 9 s the officer is at v - 230 m. so she has traveled 230 m in the fin! 9 seconds. 

Dunne the interval / -9s to f - 13 s the acceleration is again constant. Th: constant acceleration formulas can he 
applied for thrs 4 second interval but no< for the whole / - 0 to/ -13 s interval. To use the equations restart our 
clock so this interval begins at time / - 0 and ends at time /-4s. 

V,, = 45 m’s (at the start of this tinx interval) 
a, =-11.2 m'V -210m 

•/ 

.\-x l -145 nt i|(4 s)*ii-l 1.2 m'* J K4 %)' = ISO m-89.6 m - 90.4 m. 

Thui v - * e » 90.4 m - 230 m * 90.4 m - 320 m 

At t - 13 s th: officer is at x - 320 m. so she has traveled 320 m in the first 13 seconds. 

EVALUATE: The velocity v is always positive so the displacement is always positive and displacement and 
distanre traveled an: the sanx. The average velocity fee tinw interval Af is - Ax' A/. For / - 0 to 5 *. 

V** - 20 nVs. For r - 0 to 9 s, - 26 m s. For / - 0 to 13 s, - 25 m‘s. These results are consistent with 
Fig. 2.33. 

2.32. IDIVIUY: In each constant acceleration interval, the constant acceleration equations apply. 

SET UP: When a. is constant, the graph of v. versus / is a straight line and the gr/ph of x versus t is a parabola 
When 0 4 - 0. v 4 is constant and x versus/ is a straight lirx. 

Execute: The graphs arc given in Figure 2.32. 

Evaluate: The slope of the x versus / graph is v t (l)and the slope of the v 4 versus / graph is •?,(/}. 



2.33. (a) li»Mit v: The maximum speed occurs at the end of the initial acceleration period. 

SET UP: a.-20.0 m * 1 f =15.0 min -900* v,. - 0 v.-? 

v,-«r 0> +a.l 

Execute: v. ^o*<20.0m*'x9i»%)-l.80xlo‘ m* 

<b) iDEVnFY: Use constant arcdcration formulas to find the displacement Ax. The motion consists of three 
constant acceleration intervals. In the nuddle segment of the trip a t - 0 and v t - l.SOx 10 4 mb, but we can’t 
directly find the distanee traveled during this part of the tnp because we Ain’t know the tinx. Instead find the 
distarce traveled in the first part of the trip I where a t - * 20.0 ms*) and in the last pirt of th: tnp (where 
1 7, - -20.0 nVs* |. Subtrart these two distances from the total distance of 3.84 * 10* m to find the distance traveled 
in the middle part of the tnp (where a. - 0 ). 
first scgnxnt 

SETUP: x-x,-? I - 15 0 nun - 9001 a. - *20.0 m*' v t .-0 

EXECUTE: !-«, -0*4420.0 m V XWO *>’ -8.10-10’ m-8.10x10* km 
•Qtxl segment 

SETUP: »-«,=? !-ISO nun-900 1 a. - -20.0 mV 

v„ »1.80« 10* m* 

i-x,-v u .i*4a.l ; 

EXECUTE: -(I.SO-IO* »)(900%)* i<-20.0m*' M900»)’ -S.I0-I0’ m-S.10 -10 1 km (The umi 

distaixc as traveled as in the first segnxnt.) 




Motion Along a Straight Lin: 2-13 


2-34. 


2.35 


236. 


Therefore, tlx distance traveled at constant speed is 

3Jt4*IQ‘ m-B.lQ-ID" m-S.lQxlQ* m-3.678x10* in-3.678xl0' km 


The fraction this rs of the total distance is 


3.678x10' tn 


1958. 


3.H4x|0’m 

(c) IDENTIFY: We know the time for each acceleration prriod. so find tlx time for the constant speed scgnxnt. 
SETUP: x-x ^3.678*10*111 v *\MxW uh a ^0 f^? 


EXECUTE: i - 




i.678xl O’ m 


2.W3-10' i- 340.5 nun 


v„. 1 . 80 x 10 ' mi 

The luUl time for lSr whole trip u thus 15.0 min * 340.5 min * 15.0 min - 370min. 

EVALUATE: If the speed war a constant 1 80-10' m s for the entire trip, the trip would lake 

(3.K4« 10* m>'( 1.80x10* mi) - 356 min. The trip actually takes a bit longer than this since the average velocity u 

less than 1 . 80 “ 10 1 ml during the relatively brief accckration phases. 

IDENTIFY: Use constant acceleration equations to find x - .y 1( for each segment of the motMm. 

SET L’P: Let -fj be the direction the train is trawling. 

EXECUTE: /-0 to 14.0*: x-x # =T^/+4tf/«^(1.60ni , 4 1 K14.0s> 2 »l57m. 

At r a 14.0s. the speed is v. *v € , +a c /-(l.60 ms* Ml 4.0 s)a224 ms . In tlx next 70.0s, d,-0 and 
v u ,ia(22.4 m s)(70.0s)-1568m. 

I-or the interval during which the train is siowing down. i fc - 22.4 mi’s. a, - -3.50 ms* and v, = 0. 

S + , gives - x- '±^k - 0 "■ t,: - 72 m . 

Tlx total distance traveled is 157 m -f 1568 m r 72 m -180) m. 

EVALUATE: The acceleration is rxt constant for the entire modem but it docs consist of constant acceleration 
segments and we can use constant acceleration equations foe each scgnxnt. 

IDENTIFY: i* (f 1 is tlx slop: of the x versus r graph. Car B moves with constant speed and zero acceleration. 

Car.f moves with positive acceleration: assume the accelcratxm is constant. 

Set L’P: Forcarfi, v t is positive and <i, - 0. For car A s a, is positiv e and \\ increases with /. 

EXECUTE: (a> The motion dugramt far tlx cars an: given in figure 2.35a. 

(b) Tlx two ears have the sanx position at tinxs when their .y-j graphs cross. The figure in the problem shows this 
occurs at approximately ( - 1 s and t - 3 s . 

(c) Tlx graphs of r. versus t for each car are sketched in figure 2.35b. 

(d) The cars have the same velocity when their x»l graphs have tlx same slope. This occurs at approxumtciy 

r = 2 s. 

(e) Car A pisses car B wlxn r t moves above x* in tlx .y*/ graph This happens at r - 3s. 

(0 Cor B passes car .1 when x k moves above x, in the x»t graph. This happens at /-Is. 

EVALUATE: When a t - 0. the graph of r ( versus r is a horizontal line. When tr. is positive, the graph of 
v versus / rs a straight line with positive slope. 



figure 2.35u-b 

IDEM itv : Apply the constant acceleration equations to the motion of ea:h vehicle. The truck passes the car 
when they are at the same x at the same l > 0 . 
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S» l L’P: Tlx truck has a - 0. Ib: car has v. - 0 . Let rv be in the direction of motion of the vehicles, Both 


vehicles start at .v, - 0 . The car has 


1 .20 m s' . The truck has i - 20.0 m s. 


EXECUTE: (a) .y-x, - v 4l i gives x, - v,,,/ and x t . Setting x t -x t - gives i - 0and v jr -4<M . M 

m '?' 1X5 % . Al thin. x. - (20.0 ml Ml 2.5%) -250 m and i = i(3.20 mVHIXS %y - 250 m . 
a c 3.20 ms* 

The car and truck haw ca:h traveled 250 n. 

(b> At r = 12.5 s. the car has v 4 = v 0l +aj - (3.20 m s* K 12.5 si - 40 m s . 

(c> .y, - v,|t and x i - • The x»t graph of the motion for each vehicle is sketched in figure 2.36a. 

(d) v, - i„ . »\ - aj . The \\*t graph for each vehicle is sketched in Figure 2.36b. 

Evaluate: When the car overtakes tlx truck its speed is twice tlat of the truck. 


i mil 






*<« 


(b) 

Figure 2J6a4> 

2-37- IDENTIFY: For constant acceleration. Eqs. (2.8), (2.12), (2.13) and (2.14) apply. 

SET UP: Take +* to be downward, so the motion is in the + v direction. 19.300 kmh - 5361 m s . 
1600 km h - 444.4 m s . and 321 km h - 89.2 mb. 4.0 mm - 240 s . 

EXECUTE: ta> Stage A: t - 240 s. v 0 , - 5361 ni'i. v, - 444.4 mb. i, = \\, t -* at gives 

' / 240 s 

Stage 8: t - 94 *. v €> - 444.4 mb, v f - S9.2 mb. v, - »•,, + ai gives 
v.-v.. 892 mb-444.4 ms 


- -3.8 m s*. 


' / 94s 

Stage C: j—Jb*75 m. v u> ^89.2 ms. t,«0. \> - i*, +2<r, (y— y,)g«vcs 

tf - —- -—I— ~ — -53.0 ms*. In each ease the negative sign means that the acceleration « 

20-3V) 2(75 m> 

upward. 

.blS.agc^: lj,.(536 || n^. | 44.4" f s 

Static B: y - v -[ 4 4 4 -4 m .' g 9-2m%| (9J I,,,. 


1240 s>-697 km 


Stage C The problem states that y- v, - 75 m - 0.075 km . 

The total distance traveled during all three stages is 697 km i- 25 km r 0.075 km - 722 km . 

EVALUATE: The upward acceleration poxluccd by friction in stage A rs calculated to be greater thin the upward 
acceleration due to the parachute in stage 8. The effects of air resistance increase with increasing speed and in 
reality the acceleration was probably not constant during stages A and 8. 

2.38. IDENTIFY: Assunx an initial height of 200 m and a constant acceleration of 9.80 mV . 

SET UP: Let +y be downward. I km h - 0.2778 mb and I mi h - 0.4470 m s. 




Motion Along a Straight Line 2-15 


Execute: (u) y-y, - 200 m , a % = 9.80 mb* . v u , - 0. v; - %i f + 2a,(y—y \) give* 

v. = ^219.80 m's* K200 mt - 60 m* ^ 200 km h ^ 140 mi.h . 

(b) Raindrops actually have a .speed of about 1 m* as they strike the griyund. 

(c> The actual speed at the ground is much lest than the speed calculated assuming tree fall, so neglect of air 
resistance i* a very poor approximation ft»r tailing raindrops. 

Evaluate: In tb: absence of air resistance raindrop* would land with speeds that would mike them very 
dangerous. 

2-39. iDOrnrV: Apply the constant acceleration equations to the motion of tb: flea. After the flea leaves the ground. 
a, - downward. Take the origin at the ground and the positive direction to be upward 

(a) srr Ur: At the maximum bright v - 0. 

v =0 y — y 0 = 0.440 m a - -9.80 m s' -? 

^ = 2a. (>--»,> 

Execute: i,.. = - ^-2(-9.S0 mV H0.440 m) - 2.94 m* 

(b) SET Up: When the flea ha* returned to the ground y - y, - 0. 
y -y 4 = 0 v #r *+2.94ntfi a =-9.80 m's* r=? 

y-y 4 “ v « t /+ y°/ 

2i, 2/2.94 m'sl 

Execute: With y-j*> = 0 this gives t = - -—— -0.600*. 


EVALUATE: We can use v t - v 0l ta / to show tbit with r,, - 2.94 nv*. \\ - 0 after 0.300 *. 

2.40. iDtAlih: Apply constant acceleration equations to the motion of the latxler. 

SET UP: Let +y be positive. Since the lander is in free-fall. a f » *1.6 mb 3 . 

EXECUTE: i*, - 0.8 mb . y - y^ - 5.0 m, a, - r 1.6 m's J in vf - v* + 2a, (>*- y 4 ) gives 
v - ^r; % + 2u (>*-> 4 > - yjiO.X nv's) J -t 2/1.6 ms*X5.0 m l - 4.1 mb . 

EVALUATE: The umc descent on earth would result m a tinal speed of 9.9 m s. since the acceVrration due to 
gravity on earth is much larger than on the moon. 

2.41. IDL\ : Apply constant acceleration equations to the moticei of tb: nxterstick. Tb: tmx the meterstick falls is 
your reaction time. 

SET UP: Let +y be downward. The meter stick has v 0t = 0 and a, - 9.80 mb 3 . Let rf be the distance the 

mctcrstick falls. 




EXECUTE: (a| y-y - v r + La r gives rf - 14.90 mb V* and / - 


4.90 m i 


lb) r- l . (l - 0.190* 


4.90 ms* 

EVALUATE: The reaction tmx i* propixticeial to tb: square of the distance tb: stick falls. 

2.42. iDKXnn : Apply constant acceleration equations to the vertical motion of the brick. 

SETUP: Let +y be downward. a t -9.S0nVs* 

Execute: (u> v 4# -^0. /^2.50x, <j % = 9.80 mb*. V+7*/ = ±<9.$0m.'* 1 X2-50 %f =30.6m.The 

building is 30.6 in tall. 

<b> v, * + aj = 0 + (9.S0 mb 1 )(2.S0 s) ^ 24.5 mb 

(c) The graphs of a . v. and v versus / are given in Fig, 2.42. Take y - 0 at tb: uround. 
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2.43. 


Evaluate: We could use either y-y. - 


I* ‘f v* 

—_— or i* ^ + 2 o,(y-y*| lo cheek our results. 


* “ H 



/, 

J 



' o 



Figure 2.42 

IDENTIFY: When the only force is gravity the acceleration is 9.80 m/s*. downward. There are two intervals of 
constant acceleration and the constant acceleration equations apply during each of these i menu Is 
SET UP: Let +y be upward. Let y - Oat the launch pad. The final velocity for the first phase of the molxin is the 
initial velocity for th: free-fall phase. 

Execute: (a) rind the velocity when the engines cut otT. y - y 0 - 525 ra. a, = *2.25 m'l 1 . v 0t - 0 . 
v? -1 # % * 2a\y - y 4 > gives v. - ^2(2.25 m s* K525 ml - 48.6 m's . 

Now consider the motion from eneine cut off to maximum height: \\ - 525 m . v,. - *48.6 m's . v - 0 (at the 


[uaMinurr 


heightK a, - -9.80 m's*'. vj - v$ * 2a, (y-y,) gives v-v, - ——— - " . |21 

2 a 2(-9.80m*’s ) 


in and 


y = 121 mi-525 m^646m. 

(b) Consider th: motxin from engine failure until just before the rocket strikes the ground: y-y - -525 m . 

a - -9.80 ms i . v 4t - *48.6 m s . vf - i£ * 2a (y-y,) gives 

v, --^<4S.6 m's)‘ *2(-9.S0 m's i )f-525 m) --112 ms. Then \\ = v (t * a t t gives 

. v_ - v Q , -112 m s - 48.6 m s .. . 

r--- lh.4s. 

a -9.80 nvs- 

t 

(c> Find the time from blast-off until engine failure: y -y,- 525 m . v», - 0. u. - *2.25 m's’. 


y - v, - v« /* la,r gives / - j——— - ( n | - 21.6 s . The rocket strikes lb: launch pad 

u u. v 2.25 nVs 

21.6 s * 16.4 s - 3S.0 s after blast off. The acceleration a . is *2.25 m s : from t - 0 lo t - 21.6 s . It is 
-9.80 m s’ from / - 21.6 sto 38.0 s . v. - \\ +a,l applies during eaeh constant acceleration segment, so the 
graph of v. versus / is a straight line with positive slop: of 2.25 mi's* during the blast-oil* phase and with negative 
slope of -9.80 m's*’ after engine failure. During each phase y - y 4 - v u f * Lar . The sign of u determines the 
curvature of )(/) .At / - 3S.0 s the rocket has rctunxd to y - 0 . The graphs arc sketched in Figure 2.43. 
Evaluate: 111 part (b) we could have found the time ftxen y-y -v /*irt/‘. finding \ first allows us to 
avoxl solving for t from a quadratic equation. 










Figure 2.43 
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2.44. Identify: Apply constant acceleration equations to the vertical matron of the sandbag. 

SET t ! P: Take +y upward d = -9.80 nvs 2 . The initial velocity of* the sandhig equals the velocity of the 
balkicei. so — +5.00 m’s . When the balloon reaches tlie ground, y- Y t . - -40.0 m. At its maximum height the 
sandbag has v = 0 . 

Execute; (n) r -0.250s: y-y 0 = v 0/ / + 4*/ ^(5.00 m*K0.250s) + i(-9.80 m’s 2 >(<>250 s) : ^0.94 m The 
sandbag is 40.9 m above the ground. v t - v 0 , * at - r5.00 m s + (-9.S0 m's 2 )(0.250 s) - 2.55 m/s . 
f - 1.00 s: y - y % - (5.00 m sMl 00 s> + 4<-9.SO m's 2 )| 1.00 s) J - 0.10 m The sandbag is 40.1 m above the 
ground f -+5.00 m's+(-9.80 m* 2 )(L00 s)--4.80 m* . 

<b> y - y, - -40.0 m. v-, - 5.00 m s, a % - -9.80 m’s 2 . y -y 0 - »•, f + gives 

-40.0 m ^ (5.00 msV - (4.90 m's 2 )r. (4.90 ms 2 )f 2 -(5.00 m*N- 40.0 m ^ 0 and 

r - _L| 500 ± J(-5.00» 2 - 4(4.9)0 -40.0)) s - (0.51 12 90) s . r must be positive, so / - 3.41 s . 

<c) + aj = +5.00 m s + (-9.80 m s 2 K3.4l s) = -2S.4 m’s 

<d> v #/ - 5.00 m s. a, - -9.S0 m's 2 f v f =0. yj = »£ + 2<r,(y-.»«) gives 
0-(5.(O m's) 3 

v - v. - -- -- 1.2S m . The maximum height is 413 m above the eround 

7 2*. 2(-9*0«nV> 

(e) The graphs ot* a . v . and y versus r arc given in Fig. 2.44. Take v - 0 at the ground . 

Evaluate: The sandbag initially travels upward with decreasing, velocity and then moves downward w ith 
increasing speed. 




Figure 2.44 

2.45. Identify: The hallixm has constant acceleration a - g, downward 

(a) SET Up: Take the +y direction to be upward. 

r - 2.00 s, v. - m's. a - -9.80 ms\ y »? 

EXECUTE: I', - v„, *a,f - -6.00 nv*»<-9.S0 m'»’X2.00 *>- -25.5 mi 

(b) SF.T L'P: 

EXECUTE: v-)„ - i'„/ >4a.f ! =(-6.00 m*H2.0O *)»£(-9S0 mV’X2.00 *) ! - -31.6 m 

(c) Sir L'P: y-y, - -10.0 in v„. = -6.00 ms a. - -9.S0 m's’, v, =? 

y-yJ 

EXECUTE: >. - -fo, * 2<i,(y-y a t - -^(-6.00 mi) 1 , 2(-9.S0 m's’K-IO.O m) = -15.2 ml 
(til The graphs are sketched in Figure 2.45. 





Figure 2.45 

EVALUATE: The »pccd of the balloon inrreases steadily since the acceleration and veloeity are in the some 
direction. |r I - 253 m^s when |\ - y,|- 31.6 m. so |» I is less than this (15.2 fit's t when |t’-y 6 | is levs (10.0 m) 
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2.46. 


2.47. 


2.48. 


IDENTIFY: Since air resistance is ignored, the egg is xn free-fall and has a constant downward acceleration of 
magnitude 9.80 mV . Apply the constant acceleration equations to the motion of the egg. 

SET UP: Take +y to he upward. At the maximum height, v - 0. 

Execute: (u) y- v, - -50.0 m . / - 5.00 s . a t - -9.80 mV . y -y 0 - \\. t i + gives 
V, - > ~ >l - lai - 7*™ m - 4<-9.SO n*> *5.00 %) = -I4.S m's . 

< 1>> v 4l - +14.5 m’s , v t -0 tat the maximum height). a % - -9.80 ms 3 . rj -v 3 , + 2o,<y-y 0 ) gives 

y-v-lL^-P^ 14 - 5 ^ -10.7 m. 

4 2a 2<-9.80 mV) 


(c) At the maximum height v. - 0 . 


(d) The acceleration is constant and equal to 9.80 m V , downward, at all points in the motion, inclixling at the 
maximum height. 

(e) The graphs are sketched in Figure 2.46. 


Evaluate: The time foe the egg to reach its maximum height is t --——1^-1 1.48 s . The egg has 

a -9.8 mV 


retuTCd to the level of the cornice atlcr 2.96 s are! a Oct 5.00 s it has traveled downward from the cormcc for 
2.04 s. 
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Figure 2.46 


Use the constant arcclcratton equations to calculate a 

and X-X a . 

v 

t - 224 m's. 

v. »0 4-0.9X 

S. <1 =? 



itsi 


Execute: a 249 m V 

• / 0.900 s 

<b> ». 'g - (249 m'* : )/(9.S0 m's’) - 25.4 
<c> x * v,.l * 4*1/' = 0 *4<249 m's 1 )(0.900 t)‘ = 101 m 
<d) SET Up: Calculate the acceleration, assuming it is constant: 
f = 1.40s, v l# - 285 mV i,-0 (stops). a t -? 

v.« 

Execute: a , 1^.- 01 ~ :si ,-202 mV 

* / 1.40 s 

a t Ig * (-202 mV)i'(9.80 m's 3 ) =■ -20.6: a, - -20.6* 

If the arccleration while the sled is stopping is constant then the mignitude of the arccieration is only 20.6#. Hut if 
the acceleration is not constant it is certainly possible that at some point the instantaneous acceleration coukl be as 
large as 40g. 

EVALUATE: It is reasceiablc that for this motion the acceleration is much larger than g. 

Idem in: Since air resistance is ignored, the boulder is in free-fall and has a constant downward acceleration of 
magnitude 9.80 mV . Apply the constant acceleration equations to the motion of the boulder. 

SETUP: Take +y to be upward. 

Execute: (u) = +40.0 m’s , v, - +20.0 ms . <j. - -9.80 m's 3 . V f = v 0t + a t gives 

v ~ v 20.0 m's - 40.0 m s 

t -+2.04 s . 

a, -9.80 mV 
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2.49. 


2.50. 


(b) v, - - 20.0 m>* . / - 


^ “ v 4 -20.0 m's - 40.0 ms 


-9.80 m s 


- t(U2s. 


<c> y - v, - 0. v Vt - r40.0 m's . a , = -9.80 m's* . y - y 4 - v Ut l + gives / - 0 arc! 
a -9.80 ms* 


(d) v. - 0. iv - *40.0 m s . a t - -9.S0 m's* 


*«» + *J Rives t - 


V r \ 


0-40.0 m's 
-9.80 m V 


(e> The acceleration is 9.80 m s*. downward. at all points in the motHm. 

(0 The graphs are sketched in Figure 2.48. 

Evaluate: v - Oat the maximum height. The time to reach the maximum bright is halt*the total time in the air. 
so the answer in pan id) is halt*the answer in part (c). Also note that 2.04 s < 4.08 s < 6.12 s . The boulder is going 
upward until it rearhes its maximum height and after the maximum height it is traveling downward. 



iDf.N T1FY: We can avoid solving for tfo: common height by considering the relation between height, tinx of fall 
and acceleration due to gravity and setting up a ratio involving time of fall and arccicration due to gravity. 

S»:r UP: Let be the acceleration due to gravity on Lnccladus and tetg be th« quantity on earth. Let h be the 
common height from which the object is dropped. Let +y be downward, so y - y, - h . v bf - 0 
EXECUTE: v-j*, - \\.,i ♦ gives k -~gil and h - . Combining these two equations gives 

Ft ■ zJL “d J -(9.80 = 00863 m l 1 . 

EVALUATE: The acceleration due to gravity is inversely proportional to the square of the time of fall. 

IDI.VIIEY: The acceleration is not constant so the ccmstant arcclcration equations cannot be used. Instead, use 
Lqs.l2.1 ?> and <2.18). Use the values of v 4 and of a at / - 1.0 s to evaluate v 4 , and x v . 

SETUP: f Cdt -Lr' 1 ,ft» r ni 0. 

J n + \ 

EXECUTE: (u) v 4 - v 4t r J atdt - v*, + lat : - v 0t ♦ (0.60 m s*y*. v, - 5.0 m s when / -1.0 s gives 
- 4.4 m’s . Then, at ( ■ 10 s, v -4.4 m's+ (0.60 m’s* #2.0 s) 3 - 6.8 ms. 

(b) *-*■ + J (i i4 -f -a^^-v 44 /.v-6.0mat f-I.Os gives -1.4 m . Then, at /-2.0s, 

r - 1.4 m + (4.4 m s*2.0 x)-♦ —<1.24 m's*)(2.0 s)* ^ 11.S m . 

6 

(c> a( 0- L4 mt(4.4 msy + (0.20m'sV. v i (/» = 4.4 m’s r <0.60 m's* y*\ j.</) ^ (1.20m s l )r. The graphs arc 
sketched in Figure 2.50. 
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d\' dx 

EVALUATE: Wc can verify tliat 4 - —1 and v - — 
’ ■ji • dt 



Figure 250 


2.51. a .wilh .1 = 1.SO mb' and fl^O.I20in** 

<■) IDENTIFY: Integrate it.(i) lo find v,(i) and then integrate >.(0 to find i<f > 

Setup: v. =v,.-fj o, «fr 

Execute: v -v^*j' i (Ai-Bi > )di = r tt *^Ai , ~^Bi‘ 

At rc*l at l — 0 mys that -0. 10 

-40.50 nvS‘v*-i (0 120 mbV 
v. > (0.75 nv*V -<0.010 nv*V 
SETUP: x-x, -> J|v dl 

Execute: x ^ x, + J. \ ~Ar - iBi‘ )Ji-x,r^Ai l - ifli* 


2.52. 


At the origin at f -0 say* tint t, - 0. an 

.v = iAi‘ -ifl/ 4 - 411.50 rn» if' -i(0.l20 m*V 

.« - <0.25 mb V - <0.010 mb>* 

dx dv 

Evaluate: Wc can check our rendu by u»ng them io verify that v t (/) - — and <i t (/)-- 

dl dl 

dv dv 

(b) IDENTIFY and SET UP: At tinv /, wlicn i. is a maximum.-0. (Since ii.-—. lb: maximum velocity 

dl dt 

is when a k - 0. Fee carlicT times <i 4 is positive so v t is still increasing. Fee latcT times <i k is negative and v, is 
decreasing. > 

Execute: a - — -0 so At -Br - o 
' dt 

One root is / - 0, but at this tmx v t = 0 and not a maximum. 

The other root is t - — - ■ * ' " ' - - 12.5 s 

B 0.120 ms 4 

At this time v,-(0.75 m f s l )T-<0.040 ntfs 4 )# > gives 

v 4 = (0.75 nvx ; )(I2.5 s Y - (0.040 ms 4 Ml2.5 s)* -117.2 m s - 78.1 m s - 39.1 m s. 


Evaluate: For / < 12.5 s. a, >0 and v 4 is increasing. For t > 12.5 s. i? 4 <0 and \\ is decreasing. 

IDENIIFY: <i(/> is the dop: of the v versus t graph and the distance traveled is the area under the v versus / graph. 
SET UP: The v versus / graph can be approximated by the graph sketched in Figure 2.52. 

EXECUTE: (i) Slope*4 = 0fori21J ms. 

Ib» 


V - Area under v*t graph * A 


>—(1.3m»)(l33 cm's) 4(2.5 mi-15 ms Ml 33 cm/i| >0.25 


3D 


(c) a-slope of 1 / graph 4(0.5 ms) *4(1.0 = 1.0x10*cm/s 1 . 

1.3ms 

4(1.5 ms) - 0 because the slope is zero. 




Motion Along a Straight Line 2-21 


(d) h - area under i-l graph. /i(0.5 ms) » - —40.5 ins)(33 cm s) - 8.3x 10 era . 

A*l .0 ms) » A. . r/ I - 1(1.0 msXlOO cm/s) - 5.Ox 10 * era . 

A<I.S mw)»4 W/ i^ w *1(1.3 m)(133 cms)<0.2 mi 1(1.33) ^ 0.11 cm 

Evaluate: The acceleration is constant until 1-1.3 ms * and then it is zero, g - 980 era's'. The acceleration 
dunng the first 1.3 ms is much larger thin this and gravity can he neglected for the portion of the jump thit we arc 
consi&ring. 



2.53. (a) lDJMih and SET UP: The chingc in speed is the area under the a t versus / cunc between vertical liixs at 

f - 2.5 s and / - 7.5 s. 

EXECUTE: This area is 4<4.00 cm's' + 8.00 cm's 2 )(7.5 s - 2.5 s) - 30.0 era s 
Tlus acceleration is positive so the change in velocity is positive. 

<b) Slope of v versus / is positive and increasing with f. live graph is sketched in Figure 2.53. 



Figure 253 

Evaluate: The calculation xn part (al is equivalent to \\\ - (<i^. >A/. Since a t is linear m /. 

. = <<*i. ♦ *.)>-• Thus a.,., -4(4.00 cm's*+8.00 cm's 2 ) for the time interval / - 2.5 s to / - 7.5 s. 

2.54. iDt.MItY: Hie average speed is the total distance traveled divided by the total time. The elapsed time is the 
distance traveled divided by the average spiced. 

SET UP: Tbc total drstance traveled is 20 mi. With an average speed of 8 mih for 10 mi. the tin*: for that first 

10 miles is 1 —— - 1.25 h . 

8 mi h 

20 mi 

EXECUTE: la) An average speed of 4 mih fee 20 mi gives a total time of- -j 5.0 h . Tbc second 10 ma must 

4 mi b 
10 no 

be covered in 5.0 h -1.25 h - 3.75 h . This corresponds to an average speed of —--2.7 nub . 

3.75 h 

< l> > An average speed of 12 rai. h for 20 mi gives a total time of ———— 1.67 h The second 10 mi must be 


12 mih 

covered in 1.67 h -1.25 h - 0.42 h This corresponds to an average speed of 


!).42 h 


-24 m:h. 


20 mi 

(c) An average speed of 16 rai. h for 20 mi gives a total time ot"- -1.25 h . But 1.25 h was alreadv spent 

16 mih 

dunng tbc first 10 miles and the second 10 miles would have to be covered in zero time. This is not possible and an 
average speed of 16 mi.'h for the 20 *milc ride is not possible. 

EVALUATE: The average speed for the total trip is not th: average of the average speeds for each 10 mile 
segment. The ndcr spends a different amount of time traveling at each of the two average speeds. 

2.55. iDKVlirV: v If) = ill -mil « 

' dl 1 dl 


SKI Up: — <(*) - nr" 1 . lor nil. 
dt 

Execute: (a) v.(f)-(9.00 nv*V -(’0.0 im->.-9.00 m- . 1.(0 = (18.0 mVy-20.0mV . The graph. jic 
sketched in Figure 2.55. 
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2.56. 


2.57. 


(b) The particle is instantaneously at rest when v J (/) = 0. v u , - 0 am! the quadratic formula gives 
I - ^L( 20.01 ^120.0)- -4|9.00K9.00)| i - 1. 11 * 1 0.48 % . I - 0.6 i * and l - 1.59 s. Thew resuh* ai-rcc with ihr 
v t «/ graphs in purl (a). 

(c> For ; - 0.611, <r, =(l 8.0 nvV K0.61 %) - 20.0 m)t‘ - -8.7 mi’. For ; -! .59 *. <j. - -8.6 rn'i 1 . At / = 0.61 % 
the slope of the v t •/ graph is negative arxl at / - 1.59 s it is positive, so the same answer is deduced from the 
v 4 </> graph as from the expressicei fee <j 4 (/). 

20.0 m V . .. 


Ul) v (/> is instantaneously not changing when a - 0. This occurs at / - - i.i i s . 

18 . 0 ms* 

(e) When the partieV: is at its greatest distance from the origin. v t - 0 and d, <0 (so the purticlc is starting to 
move bark tow ard the ongml. This is the ease for / - 0.63 s . which agrees with the a-/ graph in part (a). At 
r = 0.63 s f A* -2.45 m . 

(0 The particle's speed is changing at its greatest rate when a has its maximum magnitude. The a -f graph in part 
(a) shows this occurs at f - 0 and at / - 2.00 s. Since v is always positive in this time interval, the particle is 
speeding up at its greatest rate when a is positive, and this is for t - 2.00 s. 

The particle is slowing, down at its greatest rate when is negative and this is for / - 0. 

EVALUATE: Since *i t {/) is linear in f. i ( (/) is a parabola and is symmetric around the point where |r 4 (f)| has its 
minimum value (/ - I.I 1 s \ For this reason, the answer to purt id) is midway between the two times in part (c). 
tf 0 (m) yjf) m/s) <uo(mk > i 



- 




MO 


IDENTIFY: The average velocity is v # - 2-_. The average speed rs the distance traveled divided by the 
elapsed time. 

SET UP: Let +x he in the direction of the first leg of the race. For the round tnp. Ax £ Oand the total distance 
traveled is 50.0 in. Fee ea:h kg of the race both the mignitude of the displ&remcnt and the distance trav eled 
ire 25.0 m. 


Execute: (■>K.| 

25.0 m 


25.0 m 


- 1.25 m ’s . This is the san>: as the average speed for this leg of the race. 


lb> h 


15.0 s 

(c> Ax - 0 so v - 0 . 


20.0 

1.67 mi's . This is the same as the average speed for this leg of the race. 


(d) The average speed is --— - 1.43 m s . 

35.0 s 

EVALUATE: Note that the average speed for the round trip is not equal to the arithmetic average of the average 
speeds for each leg. 

Idem it A: Use information ah 4 v. 1 t displacement and time to calculate average speed and average velocity. Take 
the origin to be at Seward and the positive direction to be west. 

distance travel 

(a) SET liP: average speed - 

tinx 

Execute: The distance traveled (different from tlv net displacement (a - *,» ) is 76 km -i 34 km -110 km 

f ind the total clapttcd time by u«ng - -21 - -—— to find / for each leg of the journey. 

At t 

Seward to Auora: i - -——-0.8636 h 

v 8$ km h 
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2.58. 


2.59. 


2.60. 


Auora to York: / - -—I- * *' M - 0.4722 h 

V. -72 kmh 

Total 1 a 0.8636 h ♦ 0.4722 h -1.336 h. 

110 km 

Then average spred-82 kmh. 

1.336 h 
Ay 

(b)SET UP: - —. where At it the displacement, not the total defiance trawled 

At 

Tor the whole tnp be end* up 76 km - 34 km - 42 km west of his starting point. v„ —_ 3 j 

L336 h 

Evaluate: The motion it not uniformly in the sanx direction so the displacement is lets thin the distance 
traveled and the magnitude of the average velocity is less than the average speed 

IDEVTIFY: The vehicles are avsumed to move at conttant speed. The speed (mi. h) divided by the frequency with 
which vehicles pats a given point (vchiclcvh l is the total space per vehicle ithc length of the vehicle plus spice to 
the next vehicle). 

SET t’P: 96 km h - 96x 10 * m h 

EXECUTE: (a) The total space per vehicle is —-—^-40 m vehicle . Since the average length of a 

1 ^ 2400 vehicle* h 

vehicle it 4.6 m the average space between vehicles is 40 m - 4.6 m - 35 m . 

96-10' mb 


(10 flic Frcqucncv of vehicles 1 vehicle* h) is 


- 7000 vehicles h 


14.6 r 9.2 1 m vehicle 

Evaluate: The tratlic flow rate per lane would nearly triple. Note that the IraflV: flow rate is directly 
proportional to the traffic speed 


Av 


‘.“‘Vi 


l.’te the it;formation atvut the utne 


(a) Idk.mii V: Calculate the average acceleration using .- 

Af l 

and total distance to find his maximum speed 
SET UP: »,, - 0 since the tunner starts from rest. 

t - 4.0 s, but we need to calculate v, t the speed of the runner at the end of the acccWation period. 
EXECUTE: For the last 9.1 s — 4.0 s - 5.1 s the acceleration is zero and the runner travels a distance of 
d, - (5.1 %y%\ (obtained using x - x v - »•, # f -f laj 1 ) 

Dunng the acceleration plia.se of 4.0 s, where the velocity goes from 0 to v 4 , the runner trawls a distance 

d, -; ^ ' ■ |r = ^.( 4.0 i) = ( 2.0 %)v t 


The total distance traveled is 100 m so d, -t d s -100 m. This gives (5.1 %)v, -f ( 2.0 s)v. - 100 m. 

100 in 


- 14.QK m s. 


M 


Now we can calculate a : a - -—-3.5 m's*. 

/ 4.0 s 

(b) For this time interval the velocity is constant so <i st m - 0 . 

Evaluate: Now that we have v wc can calculate d - (5 .1 s)<14.08 m s) - 71.9 m and 
d ; -( 2.0 sK 14.08 m's) - 28.2 m. So, d, -t d s -■ 100 m. which checks. 

I« — y* 

(c) IDENTIFY and SET UP: a mK - ———, where now the time interval rs the full 9 .1 s of the race. 
We have calculated the final speed to he 14.08 m's. so 

14.08 nil 


5 ni s : . 


I. 


EVALUATE: The acceleration is zero for the last 5 .1 s, so it makes sense foe the answer in part (c) to be less than 
half the answer in part (a). 

(cl) The runner spends different tinx* moving with the average accelerations of parts la) and |b). 

IDENTIFY: Apply the constant acceleration equations to the motion of the sled. The average velocity for a time 
At 

interval Af is v ^. 4 - — 
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2.61. 


SET UP: Let +x he parallel to the inrlin: ami directed down the incline. Th: problem doesn’t state how much 
time it takes the sled to go from the top to 14.4 in from the top. 

25.6 m-14.4 m 

Execute: <u) 14.4 m to 25.6 m: v-- 5.60 m s . 25.6 to 40.0 m. 

2.00 s 

40.0 m -25.6 m r _ _ 57.6 m-40.0 m n ^ , 

%• - 7.20 m s. 40.0 m to 57.6 m: v -- - 8.80 m s. 

2.00 s 2.00 s 

(b) For each segment we know x- x, and / but we don’t know r l# or v t . Let x, - 14.4 m and r% - 25.6 m . For 
this interval I . V . L : . j L —1 and at - »\ - v, . Solving for v\ gives v\ - 4-«x/ ♦ —— Let i } - 25.6 m and 


Y) - 40.0 m . For this second interval. | —-— j---and at - v, - r : . Solving fee v\ gives 


t\ - - 4*iT/ ♦ --- Setting these two expressxms fee v 3 equil to each other and solving for a gives 




-1(40.0 m - 25.6 m>-(25.6 m - 14.4 m)J - 0.80 m's : . 


Note that this expression fora says a - —- l * m . where v^ tJ and v>j are the average speeds fee surccxsivc 

2.CXI s intervals. 

|c> For the motion from .v - 14.4 m to x - 25.6 m , x - x v -11.2 m . a t - O HO m s' and / - 2.00 s . 

. > . x-x. , 11.2 m 

w,*. -r-v-— 2 

Id) For the motion from x = 0 to x - 14.4 m . x - x, - 14.4 m . v Jt - 0 . and v t - 4.8 m's . 

+ v»^ • 2<x-x t ) 2< 14 4 m) 

x-x. ^ i —-1 1 si vex /- 6.0 s . 


--(0.80 m's'K2.00 s) - 4.80 in s 


2 ) v lfc +v J 4 8 ms 

Ce> For this 1.00 s time interval, t » 1.00 s, v-, 4 - 4.8 m's # a t - 0.80 m's 1 . 
x-x. = + =(4.8 ms Ml.CXI s| +1(0.80 m's' X1.00 *)* -5.2 m . 

Evaluate: With X - 0 at the top of the hill. x(t) - »•„/ -f jaj 1 - (0.40 m's 1 )r. We can verify that 
r - 6.0 s gives r - 14.4 m . f-S.Os gives 25.6 nx / - 10.0 * gives 40.0 m and t - 12.0 s gives 57.6 m 
IDEN llf\: When the graph of v, versus / is a straight line the acccV^ation is constant, so thus motion consists of 
twt> constant acceleration segments and the constant acceleration equations can be used fee c>:h segment. Since 
v 4 is always positive the motion is always in the -fx direction and the total distance moved equils the mignitude 
of the displacement. The acceleration <i k is the slope of the v. versus / graph. 

Set L’P: For the / - 0 to / -10.0 s segment. \\. t - 4.00 m s and v t - 12.0 m's. For the / - 10.0 s to 
12.0 s segment, v* - 12.0 m s and v - 0 . 


EXECUTE: (a) For / - 0 to f -10.0 s, x -X. -1 1 j/ - \ ~ ' 1(10.0 s) - 80.0 m. For 


r - 10.0 * to / -12.0 s. x-x. -! " A ‘ ’ ' ", K2.00 s) - 12.0 m . The total distance traveled is 92.0 m. 


|b> x-x* - 80.0 m -t 12.0 in -92.0 m 

, tAti 12.0 mS-4.(0) m’s 

(c) l or / - 0 to 10.0 s. a, - — 

0 - 12.0 m s 


I- 'J 


3.800 m's'. For / - 10.0 s to 102 s, 


2.00 


- -6.00 in s’. The graph ot a versus / is given in l ieure 2.61. 




Motion Along a Straight Lin: 2-25 


2.62- 


2.63. 


2.64. 


Evaluate: When v 4 anil a t arc both positive, the speed increases. When v t is positive and is negative, tlx 
speed decreases. 


♦ O.i n/s 3 

a 


iao» !2 xk 


- m/s : h — 

Figure 2.61 

IDEVIIFY: Since light trav els at constant speed, d-ct 

SET UP: The distance from the earth to the sun is 1.50* I0 1 m . The distance from the earth to the moon is 
3*4 * K? m • c = 186.000 mis . 

Execute: (■> J=« = (3.0xl0’ m’*xl | J 2£5£ij = 9.5x10“ m 

(b) rf-rt-(3.0«IO' m»KlO v »)-0.30m 

|c,r.£- l 5 - liy ' n ' - 5M * - 833 min 
c 3.0» 10 m/s 

. J 2|3.84 x 10'm> , , 

(d» r- 2 6* 

c 3.0-10* m/s 

|e> I - — - ?X|0 "" -16.100 *-4 5 h 
c 186 . 0)0 mi/s 

Evaluate: The 5pccd of light is very large but it still takes light a measurable length of time to travel a large 
distance 

IDKXTIFY: Speed is distance d divided by time /. The distance around a circular path is J - 2 zR . vvlxrc R is the 
radius of the circular path 

SET UP: The radius of the earth is R % - 6.3R x 10* m . Tlx earth rotates once in 1 day■ - 86.400 s . The radius of 
the earth's orbit around the sun is 1.50* l0‘ m and the earth completes this «bit in 1 >ear - 3.156x 10 s . Tlx 
speed of light in vacuum is c — 3.00 x itf nvi. 

Execute: »■> »'-■** = W"*'■> ^ 

r / 86.400 s 


... 2 zR 2^11.50x10“ m) . 

'"“T- 3.156‘I0 > 


(O Tlx time for light to go around once es t - — - ■ ' - - 0.1336 s . In 1.00 s licht would 

c c 3.00 *10 ms 6 


irourxl the earth 


- 7.49 times . 


0.1336 s 

Evaluate: All tlxse speeds are large compared to sfxcds of objects in our everyday experience. 

IDENI1FV: When tlx graph of \\ versus t is a straight liix the acceV^ation is constant, so this mixtion consists of 
two constant acceleration segments and the constant acceleration equations can be used for each segment. For 
t - 0 to 5.0 s. v ( is positive and the ball moves in tlx -f.v direction. For / - 5.0 s to 20.0 s. v, is negative and the 
ball motes m the -x direction The acceleration <j. is the slope of the v 4 versus / graph. 

Set Up: For the / - 0 to / - 50 s segment. v 0l = 0 and v, - 30.0 m’s . For the < - 5.0 s to r - 20.0 s segment. 

v. = - 20.0 m s and t = 0 . 





226 Chapter 2 


2.65. 


2 . 66 . 


Lxiclt e: 


, _ . „ f 0 -t 300 m‘s 

u) For / -OtoS.Os, x-x v ^1 -L_L 1* -I- - -1 


(5.0 m'i) - 75.0 m . The hall travels a 


distance of 75.0 m. I ce t = 5.0 s to 20.0 *. x - x.. - 


- 20.0 nvstO 


(15.0 m's) - -150.0 m . The total distance 


traveled is 75.0 m + 150.0 m - 225.0 m. 

(b) The total dispkeement is x - - 75.0 m ♦< -150.0 m) - -75.0 m. Tlx ball ends up 75.0 m in the negative x- 
direction from where it started. 

30.0 m s - 0 , 0 - (- 20.0 m's» 

-- +1.33 ms*. 


[cM or / - 0 to 5.0 s, <i - 


6.00 m s’ . I or t - 5.0 sto 20.0 s, u - 


15.0 s 


5.0 s 

The graph of a, versus / is given in Figure 2.64. 

(d) The ball is m contact with the floor for a small but non/ero period of tinx and the direction of the velocity 
doesn't change instantaneously. So. no. the actual graph of \\ (f| is not really vertical at 5.00 s. 

EVALUATE: For / - 0 to 5.0s. both \ 4 and a, are positive and the speed increases. For f - 5.0 sto 20.0 s. v, is 
negative and a, is positive and the speed decreases. Since the direction of motion is not the sanx throughout, the 
displ&remcnt is not cotul to the distance traveled. 


r*oo «A 


o | 50> 20.0 s 

Figure 2.64 

iDBCTlfY and SET UP: Apply constant acceleration equations. 

find the velocity at the start of the second 5.0 s: this is the velocity at the end of the first 5.0 s. Then find r - x\ for 
the first 5.0 s. 

Execute: For the first 5.0 s of the motion, i,. - 0. / - 5.0 s. 
v 4 = v d , + aj gives v 4 = o 4 <5.0 s). 

This is tlie initial speed for the second 50 s of the motion. For the second 5.0 s: 

Vi ( -<MS 0s) r - 5.0 s. * - -150 m. 

.v - x* = v u# i + jaS gives 150 m - (25 % : )a, + (125 s : >u. ami o. - 4.0 nv’s* 

Use this a, and consider the first 5.0 s of the motion: 

»„.! r iaj‘ - 0 * 4(4.0 mMS.O - 50.0 n> 

EVALUATE: The bill is speeding up so it travels farther in the second 5.0 s interval than in the first. In feet. 
x - x, is proportxuial to /* since it starts from rest. If it gexs 50.0 m in 5.0 s. in twice the time (10.0 s) it should go 
four times as far. In 10.0 s we calculated it went 50 m * 150 m - 200 m, which k four times 50 m. 


Identity: Apply x -x, = v* / 


the motion of each train. A collision means the front of the pissenuer 


train is at the same location as the caboose of the freight train at some common tinx. 

SET UP: Let P he tlx passenger train and F he tlx freight train. For tlx front of the passenger tram x, - 0 and for 
tlx caboose of the freight train x 4 - 200 m . Fee the freight train \\ - 15.0 m s and a % - 0 . For the passenger train 
y, *25X1 ms and a, ^-0.100 mV. 

EXECUTE: (u> x - x # - v,./ +4*/ for each object gives x, - v t t + and x, - 200 m + v,l. Setting 
x 9 = x t gives vy-t-iV* - 200 m -t » \i . (0.0500 m* J )T -(10.0 m'sV + 2CO m - 0. The 

quadratic formula gives t - ^ ♦ 10.0 £ ^(10.0)*' -4(0.0500X2001 s - <100 ± 77.5) s . The collision occurs at 

t - 100 s - 77.5 s - 22.5 s . The cqintions that specify a collision have a physical solution (real, positive fL so a 
collision d;»es occur. 
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(b) Xf. - (25.0 m's>(22.5 %)+${-OAQO m ' ** R22.5 x) J - 537 m . The pa ssenger train moves 537 m before the 
collision. The freight train moves (15.0 m/s|<22.5 x) - 337 m . 

(c) The graphs of x, and x p versus r arc sketched in Figure 2.66. 

Evaluate: The second root for the equation for f, / -177.5 x is the time the trams would meet again if they 
were on parallel tracks and continued their motion after the Fust meeting. 



Figure 2.66 


2.67. IDEA IIE^: Apply constant acceleration equations to the moticoi of the two objects, you are! the cockroach. You 
catch up with the roach when both objects arc at the sanx place at the same time. Let The the tinx when you catch 
up with the cockroach. 

SET UP: Take x - 0 to be at tlx t =0 location of the roach and positive x to be in the direction of motion of the 

two objects. 

roach : 

-1.50 ms. a t = 0, - 0. x-1.20 m. t - T 

you : 

v J( - 0.80 m s. x v - -0.% m. x » 1.20 m. i = 7. a t = ? 

Apply x — a*, - \\J + to both objects: 

EXECUTE: roach : 1.20 m - (I .50 m s>7. so T - 0.S00 s. 
you : 1.20 m - (-0.90 ml = <0.80 nVs»7 + ±a,T* 

2.10 m - (0.80 m sKO.KOO s) + iff.(0.800 .%)*' 

2.10 m -0.64 m + (0.320 x J *i. 
a t - 4.6 m'i J . 


Evaluate: Your final velocity is \\ - v 44 ♦ aj - 4.48 m'j. Then x -x, -1 ——^ 1/ - 2.10 m. which checks. 

You have to accelerate to a speed greater than that of the roach so you will travel the extra 0.90 m you arc initially 
behind. 

2.68. IDEM : The insect has constant speed 15 m's during the tinx it takes the ears to come together. 

SET UP: Each car has moved 100 m when they hit. 

ICO m 

Execute: The time until the ears hit is- -10s. [hiring this time the grasshopper travels a distance of 

10 m 's 

(15ms)<H>*>-150 m. 

Evaluate: The grasshopper ends up 100 m from where it started, so the magnitude of his final displacement is 
100 in. This rs less thin the total distance lx travels since he spends part of the time moving in the opposite 
direction. 

2.69. IDEM1H: Apply constant acceleration equations to each object. 

Take the origin of coordinates to be at the initial position of the truck, ax shown in Figure 2.69a 
Let Jbe tlx distance that the auto initially is behind the truck, so ,r*(auto» - -rf and *,1 truck I -0. Let The the 
time it takes the auto to catch the truck. Thus at time 7 the truck has undergone a displacement x- x, - 40.0 m. so 
is at x - x.. + 40.0 in - 40.0 m The auto has caught tlx truck so at tinx T is also at x - 40.0 m 



j. - 3.40 utf* * 


T - - Q 


Figure 2.69u 
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(a) SET Ur: Use the motion of the truck u> calculate 7 
x - x, - 40.0 m. v ll4 - 0 (starts from restk - 2.10 m s'\ / - T 

Since r 0j - 0. this gives t - 

Execute: r p^0 a6l7s 
V 2.10 mV 

(hi SET UP: Use the motion of the auto to calculate d. 

v - x, - 40.0 m ♦ d. \ Vt -0. a t -3.40 mV, /-6.17s 

*-* s W*7*/ 

Execute: d +40.0 m ^ ^(3.40 ms*'K6.l7 s) 3 
d = 64. S m - 40.0 m ^ 24.H m 

(c) auto: v. ^ v-, + aj - 0-t (3.40 m/s J )(6.17 s> ^ 21.0 m s 
truck: v 4 = v 0 , +aj - 0r(2.10 mV|(6 l? s)-13.0 m s 
<d) The graph is sketched xn figure 2.69b. 


.» 



f igure 2.69b 

EVALUATE: In part (c) we found that the auto was traveling faster than the truck when they come abreast. Th: 
graph in part (d) agrees with this: at the intersection of the two curses the slope of the !•/ curve for the auto is 
greater than that of the truck. The auto must hive an average velocity greater than that of the truck since it must 
travel farther in the same time interval. 

2.70. IDENTIFY: Apply the constant acceleration equations to the motion of each car. The collision occurs when the 
cars arc at the same plarc at the sane time. 

SET Up: Let +x be to the right Let x - 0 at the initial location of car 1, so = Oand a* * D . He cars collide 
when t, - a\ . Y 0tl = 0, a lt - a, , v lo - -v, and a ti - 0 . 

EXECUTE: (u) .y - r, - v 4 ,l +±a t t 2 gives x, - la/ and x l - D - v/ . x, - x ? gives la/ - D - vf. 

la/ + vy - l) - 0 . The quadratic formula gives t - —| -v 6 ± yjv^ -f 2a t P ). Only the positive root is physical. 

so / — ——| -v 4 <Jv;+ 2 a,n |. 
ibt», > 0.1-^^7570-1, 

(c) Tlie a**/ and v •/ graphs for the two cars are sketch^! in figure 2.70. 
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2.71. 


2.72. 


2.73. 


Evaluate: In the limit that u. - 0. D - vy - 0 and t - Dfv* . the time it takes car 2 ti> travel distance D In the 

2D 


limit that v. - 0 . t - \ _the time it takev 

x<J) 


travel distance 



IDENTIFY: The average speed is the distance traveled divided by ih: tm»:. Tfo: average velocity is i ( - -il 

SET L 7 P: The distance the ball travels is half the circumference of a circle of dian^er 50.0 cm so is 

- -r.r(50.0 cm) - 78.5 cm. Let +x he hon/ontally from the starting point toward th: ending point, so 
Av equals the diameter of the bowl 


Execute: (u) The average speed is 


Ixd 78.5 cm 


10*0 s 


7.85 cm s. 


Ay 50.0 cm 

(b) Tlie average veloaly is v --5.00 cm's. 

Aj 10.0 s 

EVALUATE: The average speed is greater than the magnitude of the average velocity, since the distance travel 
is greater than the magnitude of the displaccnxnt. 

IDENTIFY : a t is the slope of the v. versus t graph, x is the area under the v 4 versus / graph. 

SEE UP: The slope of \\ is positive and decreasing in rmgmlixJe. As v. increases, the displacement in a given 
amount of time increases. 

Execute: The a . and .Y-1 graphs are sketched in Figure 2.72. 

EVALUATE: \\ is the slope of the .r versus / graph. The *</) graph w e sketch has zero slope at / - 0 . the slope is 
always positive, and the slope initially increases and then approaches a constant. This behavior agrees with th: 
v t (l)that is given in the graph in the problem 



IDENTIFY: Apply constant acceleration equations to each vehicle. 

SEE L’P: (a) It is very convenient to work in coordinates attached to the truck. 

Note that these coordinates move at constant velocity relative to the earth. In these coordinates the truck is at rest 
and the initial velocity of the car is i’ 44 - 0. Also, the car’s acceleration in these coordinates is the same as in 
coordinates fixed to the earth 

Execute: First, let's calculate how far the car must travel relative to the truck: The situation is sketched in 
Figure 2.73. 

v 


4 5 in 


L - - 


24.0 «i 
24.0 r. 


:to... 


Kick 


26.0 

* 2U>i * 26.0- A. 5m = MJ 


♦ill 1 


Figure 2.73 
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2.74. 


2.75. 


The car goes from x;, — -24.0 m to x - 51 _5 m. So a*- o’ - 75.5 m for the car. 
Calculate the time it take* the car to travel this distance: 
a t -0.600 ms\ \ Vl -0. x-x^ - 75.5 nx i -? 


f _ Ei- < pw5^r als . 

U a \ 06 Xni«V 


It takes the car 15.9 s to pass the truck 

(1>1 Need how far the car travels relative to the earth, so go now to coordinates fixed to the earth. In these 
coordinate* \ Ut - 20.0 ms for the car. Take the origin to be at the initial position of the car. 

v* - 20.0 m s. a, - 0.600 mb’, / - 1 5.86 *-*,-? 

x-X, = «fef+ -C20.0 m’sH 15.86 s) +1(0.600 mfs^NISM s) J 

x-x, - 317.2 m r 75.5 m ^ 393 m. 

(c> In coordinates fixed to the earth 

v. « v„ 4 + aj - 20.0 m’s + (0.600 ms*)(15.S6 s) = 29.5 m’s 

Evaluate: In 15.9 % the truck travels x - x, - (20.0 msX 15.S6 s) = 317.2 nv The car travels 

392.7 m -317.2 m - 75 m farther than \Yk truck, which checks with part (a). In coordinates attached to the truck. 

v. 11* 


lor the car r - 


r - 9.5 in n and in 15. 


car travels .v - x — 


r - 75 m. which checks with 


part <ak 

IDEMis \: The acceleration is not constant so the constant acceleration equations cannot be used. Instead, use 

O .(0^«Dd * = * + 

SETUP: [t'dt - —I—f"' fcrn20. 

Execute: (u) x(0 - X 0 + jjr/ - fie yjt - X t + at - ifit 1 . x - 0 at / - 0 gives x t - 0 and 


x(0-«<-?/* -<4.00 Itvsy-<0.667 m % % y\ —--2/fr ^ -(4.00 m*')t. 

dt 

(bl The maximum positive x is when \\ - 0 and a, <0. v, - 0 gives a - ///* - 0 and 

a 14.00 nv’s ...... . _ ... 

t - ( -\ItTI —~ ~ * * At lhl * f * W ncsa!,vc * , or ^ = 1.41 s, 


.» - (4.CK) iai)< 1.41 s» - (0.667 .41 *)' = 3.77 m . 

EVALUATE: After / -1.41 s the object starts to move in the -x direction and goes to x - -<k as t -* x< 
a (r) -a -+ /ij. with a - -2 00 m s’ and fi - 3.00 mi%* 

(a) IDENTIFY and SET Up: Integrage <j t (t) to find \\(t I and then integrate v 4 (#> to find x(f). 

EXECUTE: v t - v 0 , + j t a, dt = v Vt + J (a + Ji]di - t i# + at r r fk : 
x - x;, + j \\ di - x il +1 (»,. + at + j/it 2 ) dt - x, * \\f + y<xf* + i/fc* 


At r - 0. x = x^ 

To have x - x 0 at f, - 4.00 s requires that v,./, + lat; r - 0. 

Thus v, - -ifitl - lat { - -±(3.00 mi 1 )| 4.00 x>* - *(-2.0)0 m’s*' X4.00 s) - -4.00 m s. 

<b> With v 4i as calculated in part (a) and t - 4.00 s. 

v 4 ^ v, +ai f irfit' - -4.00 s r (-2.00 ms 1 )|4.00 s> -f ^(3.00 ms* X4.00 s) 3 - +12.0 m s. 

EVALUATE: a - 0 at / - 0.67 %. For / > 0.67 % f a t >0. At / - 0. the particle Ls moving in the -x direction 
and is speeding up. After i - 0.67 s. when the acceleration is positive, the objort slow** down and then starts to 
move in the *x-direction with increasing speed. 
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2.76. IDBCTIFY: Find the distance the professor walks during tlx time / it takes tlv egg to fall to the height of his head. 
SET UP: Let +y be downward. The egg has v Pp - 0 and a, -9.80 m's*. At the height of the professor's head, 
the ecu has v - v. - 44.2 m . 


Execute: y-y c »’ i+la t gives / - 


IA^.2 m=iMt 
9.80 m V 


The professor walks a distance 


x - x;, - v tl4 / - (1.20 mfc)(3.00 i) - .1.60 m. Release the egg when your professor is 3.60 m from the point directly 
below you. 

Evaluate: Just before the egg lands its speed is (9.80 nvs*X3.(»sl - 29.4 m's . It is traveling nuxh faster than 
the professor. 

2.77. IDEMITT: Use the constant acceleration equations to establish a relationship between maximum height and 
acceleration due lo gravity and between time in the air and acceleration due to gravity. 

SET UP: Let +y be upward. At the maximum height, r - 0. When the rock returns to the surface, y - v t - 0 . 
Execute: (u) v; = »£. + 2*r,(y-y,) gives a,H - -iv*, which is constant, so ajf t - a u H u . 

(hi y- y, - v,,f + with y -y„ - 0 gives a t - -2v 4l . which is constant, so a % T g - o vi r vl . 

» 2.64T. 




a H 

Evaluate: ()n Mars. wh.*re the acceleration due to gravity is smaller, the rocks reach a greater height and arc in 
the air for a longer time. 

2.78. I DEMIEY: Calculate the time it takes Iter to nin to the table and return. This is the time in the air for the thrown 
ball. The thrown ball is in free-fall after it is thrown Assume air resistance can be mglectcd. 

SET UP: For the thrown ball, let + v be upward, u. - -9.S0 mV . y — y a - 0 when the ball returns to its origiml 
position. 

EXEC LIE: (u) It takes her ^ - 2.20 s to reach the table and an cquil time to return. For the ball. 

y “ .v, *- 0 . / - 4.40 s and a, * -9.80 mV. y - y % = v Uf l + laT gives 
\\ = -la i - -;(-9.K0 m s : X4.40 s) ^21.6 m s . 


Find y-y, when 2.20 s. y-y 4 *r 0/ / *<21.6 m'sX2.20 s) + i(-9.80 mV'x2.20 s) 1 ^ 23.8 m 

Evaluate: It takes the bull the same anxiunt of time to reach its maximum height as to return from its 
maximum height, so wlxn she rs at the table the ball is at its maximum height. Note that this large maximum 
height requires that the act either he done outdoors, or in a building with a very high ceiling. 

2.79. (a) IDENTIFY: Use constant acceleration equations, with a - g % downward, to calculate th: sfved of the diver 

when she reaches the water. 

SET UP: Take th: origin of coordinates to be at the platform. and take the +y direction to be downward, 
y-y, *+21.3 m. a. - +9.80 m 's J f v 4t - 0 (since diver Just steps oft). » =? 


^2a,(r-r.) 

EXECUTE; v, - ->^2a.l v- v 1 ) - .^2(9.80 mi ; )(31.3 ml - .20.4 mi. 

We know that v. is positive because the diver is traveling downward when she readies the water. 

The announcer has exaggerated the speed of the diver. 

Evaluate: We could also use y - y 0 - i, f + 7 a, r to find / - 2.085 s. The diveT gains 9.S0 m s of sjx-ed each 
second, so has v - (9.80 m’s* X 2.085 s)- 20.4 m s when she reaches the water, which checks. 

(hi IDENTIFY: Calculate the initial upward velocity needrd to give the diver a speed of 25.0 m's when she 

reaches the water. Use the same coordinates as in part (ah 

Set Up: » =?. »• - *25.0 m s. a - +9.80 m's 1 , y-y 4 - +21.3 m 
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2.HO. 


2 . 81 . 


2 . 82 . 


Execute: I*, * -ft - 2a t (y-y v ) -= -^<25.0 m'*) 1 - 2<9.80 m's*'M2!.3 ml ^ -14.4 ns 
(v 4 is negative since the direction of the initial vclixitv is upward ) 

EVALUATE: One way to dxidc if this speed is rcasomblc is to cakuhtc the maximum height above the platform 
it would piodixc: 

v 4 , - -14.4 m s, v, - 0 (at maximum height), a, - *9.S0 m's\ y - y c = ? 

2d.(>--.».) 

y ->,-±<- 0 - ( - 144 ^.-, 0 . 6 m 
2a, 2(-9.SO nvi( 

This is not physically attainable: a vertical leap of 10.6 m upward is not possible. 

iDIAIItY: The flowerpot is in free-fall. Apply the constant arccicration equations. Use tlx motion past the 
window to find tbc speed of tlx flowerpot as it reaches the top of tlx window. Then consxier the motion from the 
windowsill to the top of the window. 

SET UP: Let +y be downward. Throughout the motion a, - *9.80 ms* % . 

Execute: Motion past tlx window: y-y* -1.90m, / - 0.420 s . a, - *9.80 nvV . y-y, = v 0t i * ±a/ gives 
v 4 , - ■■—— - tUJ - ■ *. *' - ■ - +<9.80 m/s* HO 420 s) - 2.466 ms . This is the velocity’ of the flowerpot when it is 
at the top of the window. 

Motion from the w indowsill to the top of tlx window: v 9% - 0. v, - 2.466 m's . a, - *9.80 m s*. 

- !•: *2d I v - v. > ulvci V - V. - '• *' - l ~ 16l " nt > _ 0 110 m . The ••■o of the window it 0.310 m 

below the windowsill. 

Evaluate: It takes the flowerpot t --■-■ " ' 1-1 '* - 0.252 s to fall from the sill to the top of the 

a % 9.80 ms- 

window. Our result says that from the windowsill the pot falls 0.310 m+1.90 m - 221 m in 
0.252 s + 0.420 % - 0.672 s. v - y, - v 4 ,f + la.C = *(9.80 m s* K0.672 s) J ^ 2.21 m . which checks. 

IDEN Tin : For parts la) and t bt apply the constant acceleration equations to the modem of the bulkrt. In part |c) 
neglect air resistance, so the bullet is free-fall. Use tlx constant acceleration equations to establish a relation 
betwom initial speed r t . and maximum height //. 

SET UP: For parts (a) and (b) let *.y be in the direction of motion of the bullet. For part <c) let * y be upward, so 
a t - —g . At tlx maximum height. v - 0. 

Execute: U> .r - x t - 0.700 m. v 4i - 0, v - 965 m s. r; -+ 2a (x - j ( 1 »gives 

.7, - '• - m - m " ~° _ 6 65 ■ 10'm'.' . * 6.79-10*. *o «r. ^ (6.79x 10* . 

2 (x-x,) 2(0.700 m) g 

(v *i 1 . 2<i- a.) 2(0.700 ml 

-,-V- ' ' - 


(b>.« 


1.45 ms. 


(c> - »•? .2a,(»-y,)«id V, * Ogives 


0.965 mv 

l? 


i-'. « : 


y-y • 


-2a . which is constant -Li--- 


I* | 


a / 4 . 


Evaluate: // 2-111 — 1 lf,> 4, ‘ ’’ . - 47.5 km Rifle bullets tired vertically don't actually reach such a 

la 21-9.80 m s* I 

large height; it is not an accurate approximation to igncee air resistance. 

IDS.M1FY: Assume the tiring of the second stage lasts a very sheet tinx. so the rocket is in free-fall after 25.0 s. 
Tlx motion consists of two constant acceleration segments. 

SET UP: Let +y be upward. After r - 25.0 s. a, - -9.S0 ms* . 

EXECUTE: (u) Find the heigh* of the rocket at t - 25.0 s: v„ -0, a f « *3.50 m's*, t - 25.0 s. 
y - y 4 - v, ./ + •!? ./* -443.50 nVsX25.0x) J - 1.0938x10'm . Find the displacement of tlx rocket from firing of the 
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2.83. 


2.84. 


second stage until the maximum height is reached: v tf - 132.5 m's . v t - 0(at maximum height). a t - -9.80 mV . 
v; -I* +2fl IV - y,) give* > -y t - x ~'' m ° 2 ~ ( ^ S **** ^896 m. TTic total height is 


10W m r 896 m - 1990 m . 

(b) y«, - +132.5 mi's. a, - -930 m s 5 , y-}\ - -1091 m y-y t - v^ + ia.f 3 gives 

-1093.8 m - (132.5 m x)f -<4.90 mV V 3 . The quadratic formula gives t = 33.7 sax th: positive root. Tlic rocket 
returns to the launrh pad 33.7 s after the second stage fires. 

(c) v, - + a,/ - +132.5 m's + (-9.80 m's 3 M^3.7 s) - -198 m's The rocket has spared 198 mfe as it reaches the 

launch pad. 

Evaluate: The speed when the rocket returns to the launch pad is greater than 1325 m 's. When the rocket 
returns to the height where the second stage fired, its velocity is 132.5 m s downward and it continues to speed up 
dunng the rest of the descent. 

Take posit ivey to he upward. 

(a) IDENTITY: Consid^ th: motion from when he applies the acceleration to when the shot leaves his hand. 

SET Up: v - 0. »• - ? % a - 45.0 m s\ y - y 0 * 0.640 m 

*> = "* v.) 

Extent v, - (v - >.> - 7-145 0 ml' M<).640 ml - 7.59 ml 

< 1» > IDENTIFY: Consider the mi>tion of the shot from the point where be releases it to its maximum height, w here 
v = 0. Take y - 0 at the ground 

s»:i Up: v, - 2.20 m. > - ?. a, - -9.S0 ml ! (free fall). »., = 7.59 m's 


(from pari (a). v f - 0 at maximum height) 


M *•, "* 2a,(/ - »',> 


EXEClfTE: 


r->v> = 


2<i 


-2.94 m 

2<-9.S0 m’s ) 


y = 2.20 m* 2.94 m- 5.14 m 

(c) IDENTIFY: Consider the motion of the shot from the point where he releases it to when it returns to the height 
of his head. Take y - 0 at the ground. 

SETUP: y, - 2.20 m. >-1.83 m. a, - -9.80 mi 1 . r„, ='7.59 m's. f-? y-y, - v,,f + yO/' 

Execute: 1.83 m - 2.20 m - (7.59 mill + i(-9.80 ml V 
- (7.59 insV - (4.90 ml V 


4.90l ! - 7.59/ - 0.37.0. »ilh 1in seconds. 

Use the quadratic formula to solve tor t: 

t - L( 7.59 ± 7l7-59>‘-4(4.90K-0.37)) 0.774*0.822 

/ must be positive. so f - 0.774 s ^ O.S22 s - 1.60 s 

Evaluate: Calculate th: tinx to the maximum height: - v 0t tdf. so 

f - (?, “ v *» )fo % - -<7.59 m'sy< - 9.80 m s 3 ) - 0.77 s. It also takes 0.77 s to return to 2.2 m above the ground, for a 
total time of 1.54 s. His head is a little lower than 2.20 m. so it is reasonable for the shot to reach the level of his 
head a little later than 1.54 s after being thrown: the answer of l.<0 s in port (c) makes sense. 

IDENTIFY: The teacher is in free-fall and falls with constant acceleration 9.80 m's*, downward. Th: sound from 
her shout travels at constant speed. The sound travels from the top of the cliff, reflects from the ground and then 
travels upward to h:r present location. If the height of the cliff is k and she falls a distance)* in 3.0 x. the sound 
must travel a distance h + - y) in 3.0 s. 


SET Up: Let +y be downward, so for the teacher a , - 9.80 m s* and v 4 , - 0 . Let v - 0 at the top of the cliff. 
Execute: (u) For the teacher, y - T <9.80 mV W3.0 x) 3 - 44.1 m. For the sound, k +(A -y) - vj . 
h - 4<»/ + y) - 4<I340 m sJ3.0 s| + 44.1 m) - 532 m . which rounds to 530 m. 

<!•> yf “ * 2a,(y-y,) give* v. - J2a,(y-y v ) - ^2(9.S0 ml')(532 m) -102 ml. 
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2.85. 


2 . 86 . 


2.87. 


EVALUATE: She is in the air for 




102 m s 

mV 


10.4 s anJ strikes the ground at high speed. 


IDENTIFY and Sf.T t’r: Let +> be upward Each hall moves with constant acceleration a t - -9.80 m s*’. In 
parts |c) and |d| require thit the two halls be at tb: same bcigbt at the same time. 

Execute: la) At ceiling, v p - 0. y-y\ - 3.0 nv a, - -9.80 ms 2 . Solve for 

a !. , ,’2d,(>- »„> give* v„ = 7.7 m'l 
< 1>> v. - i',, + a t w ith the information from part (a) gives t - 0.78 s. 

(c) Let the first ball travel downward a distaixc d in time / It starts from its maximum height* so v 4% - 0. 


y - >o = K, t - la/ gives d (4.9 nVs 2 / 


Tlie second bull has v 4 , - rO.7 in's) - 5.1 in s. In time f it must travel upward 3.0 m - J to be at the same place 
as the first ball. 

y - v« - v 4 ,I + la/ gives 3.0 m - d - (5.1 in sV -(4.9 m s 2 /. 

We have two equations in two unknowns, d and t. Solv ing gives t - 0.59 s and d s 1.7 m. 

(ell 30 m - d -1.3 m 

EVALUATE: In 0.59 s the first ball falls d - (4.9 in s' #0.59 s) 2 - 1.7 m so is at the same bright as the 
sccorxl ball 

IDEA hey : The helicopter has two segments of motxin with constant acceleration: upward acceleration foe 10.0 s 
and then free-fall until it returns to the ground. Power* has three segments of motion with constant acceleration: 
upward acceleration for 10.0 s, free-fall for 7.0 s and then downward acceleration of 2.0 m s*. 

SET t’P: Let +>• be upward. Let y - Oat the ground 

EXECUTE: (u) When the engine shuts oil*both objects have upward velocity 

v - \\ % + i i i - (5.0 m's 2 )(IO.O s) -50.0 m s and arc at y - v^i^^a/ -^<5.0 m's 2 M 10.0 s) 2 - 250 m . For the 
helicopter, v, - 0<al the maximum height), v Vr - *50.0 m's , y 0 = 250 m . and a, - -9.80 m s 2 . 

\ A % - v 2 x + 2 a \y- y 4 > gives y - * y t - ^SO ms :> ) * m “ 37K m * * hich ^o«ids to 380 m 


< b) The time for the helicopter to crash from tb: height of 250 m where the engines shut o!Tcan be found using 

v 4t - +50.0 m s * a, - -9.80 m s 2 * and y- v, - -250 m . y - >; - v„,/ + ±a/ gives 

-250 m -(50.0 ms X -(4.90 m's 2 / . <4.90 m// - (50.0 m»'sjr - 250 m - 0. Tb: quidratic formula gives 


r-L| 50.0 i yjiSOi/ + 4(4.901(250)) s . Only the positive solution is physical, so t - 13.9 s . Powers therefore 


has free-fall for 7.0 s and then downward acceleration of 2.0 m s 2 for 13.9 s - 7.0 s - 6.9 s . After 7.0 s of free-fall 

he is at v - », - »,. r + la/ - 250 m *150.0 m's* 7.0 s) + 1\ -9.80 m's 2 )<7.0 s) 2 - 360 m and lias velocity 

v. = v tl4 + aj - 50.0 m s +(-980 m r s 2 )<7.0 s) = -18.6 m s . After the next 6.9 s he is at 

y-y\ - v^r+ ii7 - 360 m*<-18.6 msK6.9 s»* T <-2.00 m* 2 H6.9 s) 2 - 184 m Powers is 184 mabove the 

ground wbm the brlicoptcr crashes. 

EVALUATE: WTien Powers steps out of the helicopter be retains the initial velccity he had in tb: helicopter but 
his acceleration changes abruptly from 5.0 mi's* upwani to 9.80 m 's’ downward. Without the Jet park b: would 
have crashed into the ground at the san>: time as the helicopter. The Jet pack slows his descent so b: is above the 
ground wbm the brlicoptcr crashes. 

IDEAHEY: Apply the constant acceleration cquitions to his motion. Consider two segments of the motion: the 
last 1.0 s and the motion prior to that. The final velocity for the first segment is the initial velocity for the second 
segment. 

SET UP: Let +y be downward, so a = *9.80 m s 2 . 

EXECUTE: Motion from the roof to a height of hi 4 above ground: y-y 4 - 3*/4, a - +9.80 m's 2 . v. -0. 
v^ - i* x + 2^i f (>* - y 4 ) gives v, - ^2a t (v- v 0 ) - 3.834^^ Jin fs . Motion from height of hi 4 to the ground: 
y - v 4 - hi 4 . a t - +9.80 in s 2 , v 0l - 3.834 Jh Jinis . / - LOO s . v- y v - v # f + ±a/ gives 
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j - 3.834^/1 >fm -t 4.90 in . Let h - u : and solve for u T u : - 3.S34u Vni - 4.90 in - 0. 
w - 2( 3.8341 ^(-3.834) 3 * 4.90 | Jm . Only the positive root is physical, sou-16.52 Jm and h - u : - 273 in , 


which rounds to 270 m. The building is 270 m tall. 




EVALUATE: With h — 273 m tlic total time of fall is / — I— - 7.46 s. In 7.47 s- 1.00 s - 6.46 s Spider-Man 


falls a distance y - y 0 -449.80 ms* H6 46 s) : - 204 m This leaves 69 m for the last 1.0 s of fall, which is iW4 . 
IDENTIFY: Apply constant acceleration equations to the motion of the rock. Sound travels at constant speed. 

SET UP: Let / U1 be the time for the rock to fall to the ground and let t % be the time it takes the sourxJ to travel 
from the int|\ict point back to you. i ut -f - 10.0 s. Both th: rock and sound travel a distance d that is equal to the 
height of the cliff. Take *fy downward fee th: nxitkm of the rock. The rock has v 0( - 0 and a t - 9.80 ms’ . 


EXECUTE: <u> For the nxk. y - y. - v* / -♦ 4-tf r gives r , 


I 


nvf 


For the sound, t - — -10.0 s . Let a 3 - d . 0.00303a 3 + 0.4518a -10.0 - 0. a - 19.6 and d - 384 m 

330 ms 

<1»> You would have calculated d - 119.80 ms‘KlO.O s)* - 490 m . You would have o v ere stim ated the height of 
tlie cliff It actually takes the rock less time than 10.0 s to fall to the ground. 

Evaluate: Once we know d we can calculate that i ut - 8.8 s aixl t K » \2 % . The time foe the sound of impact 
to travel buck to you is 12% of the total time and cannot be neglected. The rock has speed 86 m s just before it 
stnkes the ground. 

(a) IDENTIFY: Let ♦ y he upward. The can has constant accclcruticei u - -g . The initial upward velocity of the 
can equals the upward velocity of the scaffolding; first find this speed. 

Set Up: y-.»v =-15.0m, f-3.25s, a, --9.80ms 3 . v*,*? 

Execute: y-y 0 = v «, -1131 m s 


Use this v 0l in v f - v Uf +d f / to solve for » ; : v t = -20.5 m's 

(b) IDENTIFY: Find the maximum height of the can. above the point where it falls from the scaffolding: 

SETUP: i, = 0. % -+II3I ml. a, --9.80m'* 1 , 

ExitITE: p; = < -f 2 a (y - >•„) give y - >„ - 6.53 m 

Tlie can will puss the knration of the other painter Yes. h: gets a chance. 

EVALUATE: Relative to the ground the can is initially traveling upward, so rt mores upward before stopping 
momentarily and starling to fall back down. 

IDI.MIFY: Both objects arc in free-fall. Apply the constant federation equations to th: motion of each person 
s»:r L*P: Let +y be downward, so a - r9.S0 m s’ for each object. 


Execute: (a) Find the time It takes the student to reach the ground: y - y u - 180 m . v;„ - 0 . u -9.80 m's 3 . 

y - >4 - Y 4 ,t + iff/ gives / - I——- »-— ' - 6.06 s. Supcrmin must reach the ground in 

u V 9.80 mta 

606 s - 5.00 s - 1.06 s : i -1.06 s. v-y, - 1R0 m . a, - +9.80 m's 3 . y-y\, - v t i + 3 gives 


v. - - —-ii//- ——— -<9.80 ms 3 ML06s>-165 ms. Superman must have initial spred r, -165ms. 

r * 1.06 s 

<b) Tlie graphs ofy-r for Superman and for the student are sketched in Figure 2.90. 

(c> Tlie minimum height of the building is the height for which the student reaches tlie ground in 5.00 s. before 
Superman jump*. y-y 4 - v 0 ,/ + la,r - 4(9.80 m's 3 )(5.00 s ) 3 - 122 m . The skyscraper must be at least 
122 m high. 
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EVALUATE: 165 mi's - 369 mi h . so onh’ Superman could jump downward with this initial speed. 



Idi.n : Apply constant acceleration equations to the moticei of the rocket and to the modem of the canister 
after it is released. Find the time it takes the canister to reach the ground after it is reVrased and find the height of 
the rocket after this time has elapsed. The canister travels up to its maximum height and then returns to the ground 
SET L 7 P: Let +y he upward. At the instant that the canister is released, it lias the same velocity as the rocket. 

After it is released, the canister has a , - -9.80 m s* . At its maximum height the canister has v -0. 

EXECUTE: (u) Find the speed of the rocket when the canister is rek»cd v § , =0, a f = 3.30 m's 5 , 

y - v, - 235 m . vj = \£, + 2a, {y - v,) gives v, - J2a,iy-y; - ^2(3.30 m s* H23S m) - 39.4 m s . For the 

mot xin of the canister after it is released. v # - +39.4 m/s . - -9.S0 m/s 1 , V — y Q - -235 m . 

y - V 4 - \\i + ±ar gives -235 m - (39.4 m'sy - (4.% mfi 1 . The quadratic formula gives l - 12.0 s as the 

positive solution. Then f»>r tlie motion of the rocket during this 12.0 s. 

y-)\- ■* ral ! - 235 m ■»(39.4 m's)(12.0 *1 + 4(3.30 mn'KllO *)•' =945 m . 

(b) Find the maximum height of the canister abov e its release point: v 4% - +39.4 nv’s . \\ - 0. a t = -9.80 m s*. 


■» 2a I v - v t gives y - v, ■ ±lL - 9.7 W - 79.2 m. ARc, 
. ,yr r.’V r ., 21-9.80 mV | 


its release the canister travels 


upward 79.2 m to its maximum height and then hack down 79.2 m + 235 m to the ground Tlx total distance it 
travels is 393 m. 

EVALUATE: The speed of the rocket at the instant thit the canister returns to th: launch pad is 

v. - \\ % + aj - 39.4 m s + {3.30 m s*K12.0 s) - 79.0 m/s . We can calculate its height at this instant by 

^ _i* +2i (>•-v^with v 4i -Oand v =79.0 m’s. . ■ ■ ■■■ ■ ' * 946 m, which agree 

with our prcvKius calculation. 

lui.Min: Both objects arc in free-fall and move with constant acccleratxm 9 .SO itv’s* . downward The two 
balls collid: when they are at the same height at the same time. 

SET UP: Let +y be upward, so a, - -9.80 m s* for each hall Let y - Oat the ground. Let ball A be the one 
thrown straight up and ball B be the cme dropped from rest at height If. - 0 , y 4t = // . 

EXECUTE: (u) y- v, = v 4% t + ±a,r applied to each boll give y A - vj - igr*' and y M - H - T # *. y A - y\ gives 

// 


W-lgfmH-XtfmAtmZ- 


(b) For ball A at its highest paint v - 0 and v - »• + a / gives t - —. Sett mg this equal to the time in 


part (a) gives — - — and //-. 

*o 8 8 

If i yff 

Evaluate: In part tax using t —- in the expressions for y A and y g gives y = y - If' I I. // must be 




2v’ 


less than -in cedcr for the balls to collide befeve ball .1 returns to the ground This is because it takes ball A 

8 
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time i - - to rcium to the ground and ball B falls a distance • --during this time. When // --the 

K “ £ ft 

two bills collide Just as hall A re&rhcs the ground and for // greater than this ball A reaches tb: gnnind before 
they collide. 

IDENTIFY and SET Ur: Use v -dxfdi and a a tJv /rfr to calculate »• (/) and a t (t) for each car. Use these 
equations to answer the questions about the motion. 

Execute: x a - at -t fli\ y M - - a + 2/fc. a Al - - 2p 

dt di 


x M =yt'-Si\ » -ll±-2yl-3St\ a. «^--2y-W/ 

4// Jr 

(a 1 iDEVnn and Sl.T Ur: The car that initially moves ahead is the one that has the larger v lt 
Execute: At / - 0. v* -a and v*. -0. So initially car A moves ahead. 

<b) IDENTITY and SET Up: Cars at the same point implies x A - x A . 


at *f fit' = yr - 6t* 

Execute: One solulxm is / - 0. whxh says that they start from the sarw point. To find the other solutions. 


6t s +{fi-y)t + a^ 0 

r - -i-j -<//- y) * Jifl ~ rY - 4«*»} - -l-(+1.60 r 1 60) J - 4<0.20M2.60)) - 4.00 x ± 1.73 s 
So x A = a*, for / - 0. t - 2.27 s and t - 5.73 s. 

EVALUATE: Car A has constant, positive a t . Its \\ is positive and irxrcasing. Car B \us and d. that is 

initially positive but then becomes negative. Car B initially moves m the tv -direction but then slows dawn and 
finally reverses direction. At t - 2.27 s car B lias overtaken car A and then passes it. At / - 5.73 s, car B rs 
moving in tb: direction as it passes car A again. 

(O IDENTITY: The distance from A to B is x y - .r, The rate of change of this distance is —^-—. If this 

di 

distaixc is not changing.--- 0. But this says v.. — v. - 0. I The distance between A and B is neither 


decreasing nor increasing at the instant when they have the sime velocity.) 

SET UP: v* - \' A , requires a -f 2fit - 2y1 - 3 6t* 

Execute: 3 Sr ♦ 2\p -y)t + a - o 

' “^~ 2,/l ” 7) ’ J205 V4C-1.60)- -12(0.20)2 60>) 

r - 2.667 x ± 1 .667 s. so v* = v to for f - 1.00 s and / - 4.33 *. 

EVALUATE: At I - 1.00 s. v* - v* - 5.00 m s. At / - 4.33 x. v* = v* - 13.0 ms Now car B is slowing down 
while A continues to speed up. so tbeir velocities aren't ever equal again. 

(d) IDENTIFY and SET UP: a t% - a kK requires 2fi - 2y - 6 St 

Execute: 020 ^-2.67 

16 3(0.20 m s ) 


EVALUATE: At / -0. *j a >o | 4 . but is dxreaxing while is eceistant. They arc equal at / - 2.67 s but 
for all times after that a At < a gt . 

I DEM in: TT»e apple has two segments of motion with constant acceleration. for the motioa from the tree to the 
top of the grass the acceleration is#, downward arxl the apple falls a distance H - f\ . for the motion from the top 
of the grass to the ground the accelcratxm is *j. upward, the apple travels downward a distance h, arxl the final 
speed is zero. 

SET UP: Let -fry be upward and let y - 0 at the ground. Tb: apple is initially a bright // -t k above the ground. 
EXECUTE: (u) Mo boo from v tl - H * h to y = // : y- - -// . v Pp - 0. a - -# . pj = + 2i f (v - \\) gives 

v. - - yji . The speed of the apple is as it enters the grass. 
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(b) Motion from y c -h to y- 0 : v - v, - -h * v lt - -yjlyJi . vj - — yjgivw 

tf -- ~ The acceleration of the apple while it is in the era vs u sj/yA . upward 

|c> Graphs of v, •/ and a, ( are sketched xn Figure 2.94. 

Evaluate: The acceleration a produced by the grass increases when // increases and decreases when 

increases. 




Figure 2.94 

IDENTIFY: Apply constant acceleration equations to the motion of the two objects* th: student and the bus. 

SET L t P: For convenience, let the student’s (constant i speed be i, and the bus’s initial position be x^. Note that 
these quantities are for separate objects, tlic student and the fcms. The initial position of the student is taken to be 
zero, and the initial velocity of the bus is taken to be zero. The positions of the student .r and the bus .r ; as 
functions of time are then a*, - v B f and .v* = x> ♦ (1/2 *• 

Execute: (u> Setting - a. and solving for th: times f give* t - —± yjv\ - 2ar; ( |. 

r -!——1(5.0 m/%) ± JlS.O m/s>* -2(0.170 m/s ; |<40.0m|) - 9.55 s and 49 3 s. 

(0.170 m/s )' / 

The student will be likely to bop on the bus the first time she passes it (see part (d l for a discussion of the later 

time t. During this time, th: student has run a distance vy - (5 m/s)(9.5$ s) - 47 R m. 

(h| The speed of the bus is (0.170 m s*' X9.55 s) -1.62 mb . 

(c> The results can be verified by noting that the r lines for the student and the bus intersect at two points* as shown 
in Figure 2.95a. 

(d) At the later time, the student has passed the bus* rmintaining her constant speed, but the accelerating bus then 
catches up to her. At this later time the burfs velocity is (0.170 m/s 1 )(49.3 s) = 8.38 m/s. 

(e) No; i£ < 2o^. and the roots of the quadratic are imaginary. When the student runs at 3.5 m/s. Figure 2.95b 
shows that the two Imcs do noi intersect: 

(0 For the student to catch the bus. > 2 ax v . and so the minimum speed is 

^2(0.170 m/s* )| 40 m/s) - 3.688 m/s. She would be running fora time ™ -21.7 s* and covers a 

distance (3.688 m/% | (21.7 s)^80.0m. 

However, when th: student runs at 3.68S m/s. the lines intersect at on point, at x - 80 m. as shown in 
Figure 2.95c. 

Evaluate: The graph in pari (c) shows that the student is traveling faster than the bus the first time they meet 
but at the sccood time they nx«t the bus is traveling faster. 
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Figure 2.95 







The graph of i versus t foe each bull is given in Figure 2.97. 

<b) The above expression gives for (i). 0.411 m arxl f« <ii) 1.15 km. 

<c) As Vj approaches 9.8 m/s , the height k becomes infinite, corresponding to a relative velocity at the linx the 
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iDEVim: Apply y-y 4 - to the motion from the maximum height, wlxre - 0 . The tmx sjxnt 

above y ( „/2 on the way down equals the time spent above i_ /2 on the way up. 

SKI L’P: Let +y be downward, a, - ft. y-y 0 - y <-4 >2 when he is a distance y -— $2 above the floor. 

EXECUTE: The time from the maximum height to y tmtK 2 above the tlixir is given by y >M1 / 2 - Igr,'. The time 
from the maximum height to the floor is given by V_ 1 - ~gt *< and the time from a height of y <a44 /2 to the floor is . 


Evaluate: The fxrson spends over twice as long abov e ! (4M /2 as below v_/2. I Its average speed is less 

above /2 than it is when he is below this height. 

I DEN IlfV: Apply constant acceleration equitions to both objects. 

SKI UP: Let +y be upward, so each ball has a - -g . For the purpose of doing all four puts with the least 
repetition of algebra, quantitxs will be denoted symbolically. That is. let y, - vj - — gf. - h~ —g(l ) 

In this ease. / tl - 1.00 s . 

Exec ute: (a> Setting y, - y 2 - 0. expanding tlx bznomsil (f -/<,)' and eliminating the cammed term 
iff 1 pel* • Solving for 

Substitution of this into the expression for v, and setting v. - 0 and solv ing for h as a function of \\ viekls. afler 


algebra, h - —-—!—L. Usino the given value f - LOO s are! g - 9.80 m/s* , 


This has two solutions, one of which is urphysical (the first ball is still going up when the second is released: see 
part (c)). The physical solution involves taking the negative square root before solving for v . and yields 8.2 m/s. 


second ball is thrown that approaches zero. If v t >9.8 m/s. the first ball can never catch the second ball. 

(d) As v 4 approaches 4.9 m’s. the height approaches zero. This corresponds to the first ball being closer and closer 
(on its w*ay down) to the top of the roof w hen the second bull is released. If i* <4.9 m/s. the first ball will already 
have passes! the roof on the way iinwn before th: second ball is released, and the second ball can never catch up. 
Evaluate: Note that the values of v ( , in parts la) and lb) arc all greater than \\ mt and less than v^ l1 . 

..<•») 

yj 


r izurr 2.97 


2.98. Idi.n 111 ^: Apply constant acceleration equations to the moticoi of the boulder. 
Set UP: Let +y be downward. so a - +g . 
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Execute: (a) Lei the height be h and denote the 1.30-s interval a* Ar; the simultaneous equations 


f-Ar 


and 


h - T ij/*. ^/j - ?g(t - Af )* can tv solved for /. Llimmating h and taking the square root. 

/ - -—n \ an< * substitution «nto ^ ~ rK l give* h - 246 m. 

(b|The above method assumed that / >0 when the square root was taken. Th: negative root (with At - 0) gives 
in answer of 2.51 m. clearly not a “clitT. This would correspond to an object that was initially txar the bottom of 
this “clifT* being thrown upward and taking 1.30 s to rise to the top and fall to the bottom. Although physically 
possible, the conditions of the problem preclude this answer. 

Evaluate: For th: first two thirds of the distance, v -y, -164 m . v § , -0, and a, - 9.S0 ms 5 . 
v - ^2a (y- v l ) - 56.7 m s . Then for the last third of the distance, y — y 4 - H2.0 m , v 0> - 56.7 m ’s and 
a - 9.SO m s*'. y - y v - v 0 t r ±a % r 3 gives (4.90 m’s 3 V* + (56.7 m slf - 82.0 m - 0. 


r ——(-56.7 *^(56.7) J .4(4.9KS2.0)) s -1.30 s . is requi 


ed 
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Evaluate: Both v and r increase. so ^ is in the 1st quadrant. 

<l» IDEMIFY and SET t’P: Calculate r by taking the time derivative of r</>. 

Execute: v - - ([ 5.0 cm's* ]/ )# + {5.0 em's); 

- 0 : v, - 0. v, - 5.0 cm's; v = 5.0 cm s and 0=90° 
r -1.0 x v - 5.0 cm*. v - 5.0 cm'*; 1 = 7.1 cm s and 0 - 45° 

( - 2 0 s v - 10.0 cm’*, v - 5.0 cm's; v = ll cm * and 0 - 27° 

(c) The trajectory is a graph of y versus x. 
x - 4.0 cm ♦ (2.5 cm's* )f\ y - (5.0 cmfe> 

Tor values of / between 0 and 2.0 s, calculate x and v and plot v versus .r. 

v 


«tn> 



Figure 3.3b 

EVALUATE: The sketch shows that the instantaneous velocity at any < is tangent to the trajectory. 

IDENTIFY: v - dr/dt . Thi* vector will make a 45 c -angle with both axes when its x» and v-component* are equal. 

SETUP: ^!2= n r 


Execute: »• - 2 bti ♦ 3cs*j . v t - v f gives / - 2/>/3c. 

EVALUATE: Both components of »• change with /. 

3.5. IDENTIFY and SET UP: Use liq.<3.S) in component form to calculate \a t , ) 4 and {a„ ) f . 
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Execute: (a) The velocity vectors at t - 0 are! /, - MO s arc shown in Figure 3.5a. 



— i 



v - anot 




170 m s-90 m s 


Figure 35a 

-S.67 m't 1 




3 Q.0 s 


- ) 10 -'-no , w .; 




30.0 




(O, -2.33 ntfs 2 

tanr/---- 0.269 

(O. -8.67 mV 

a - IS^-t 180° -195 : 


EVALUATE: The changes in \\ and r ( arc both in tlx negative x or »• direction, so both components of are 
the 3nl quadrant. 

3.6. IDKMIFY: Use liq.13.8b written in component form 

SKI t'P: a, - I0 45m/V )cta 31.0° - 0.59 mf %‘. j. =(0.45m ) /i')«n31.0 , ^0.2Jm/ 1 ' 

Av > Av 

Execute: (u) a s , t ~ —^and V 4 - 2.6 m/s -*• (0.39 m/s - x1 0.0 s) - 6.5 m/s. » —- and 



Y - “I. 


m/s ♦ fO.23 m/s* K10.0 s) - 0.52 m/ 


3 . 


(b> v - yji65ml*r »(0.52m/i)' - 6.4Sny* . at an angk of arctanj ^ j - 4.6 : above the horizontal. 

(c)Thc velocity vectors »• arxl »\are sketched in Figure 3.6. The two velocity vectors differ in magnitud: and 
direction. 

EVALUATE: v is at an angle of 35“ below the -tx-axis and has magnitud: v, - 3.2 m s . so ij > »• and the 

direction of v is rotated counterclockwise from the direction of v . 



3.7. iDEMin and SET L'P: Use Fqs.(3.4» and (3.12) to find v , v . a, and u is functions of time. The migmtude 
and direction of r and a can be found orxc we know their components. 
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EXECUTE: (a) Calculate x and v for r values in tlic range 0 to 2.0 s and plot v versus .x. The results are given xn 
Figure 3.7a. 


(m> 



Tlxus r sal - 2 fit) a - -2 flj 


(c> velocity: Al I - 2.0 s. ». - 2.4 ml i, = -2(1.2 m*‘n2.0 *>- -4.S m,i 
¥ 



Figure 3.7b 


acceleration : At / - 2.0 s. a, - 0 . <j - -2 (1.2 mV ) - -2.4 m %* 


» 



Figure 3.7c 



EVALUATE: (d) a has a component a in the same direction ax 
r. so we know that »• is increasing (the bird is speeding up.) 
a also has a component a k perpendicular to »% so that the 
direction of r is changing; the bird is turning toward the 
-> -direction (toward the right) 


Figure 3.7d 
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v k always tangent to the path; v at / - 2.0 s shown in pari <c) is tangent to the path at this f. conforming to thw 
general ruV:. a is constant ar>J xn the -ydirection; the direction of v is turning toward the -i*-direction 
3.8. Idi.n I1f\: The component a of a perpendicular to the path is related to the change in drrcclion of »' arxl the 

corrgionent a of a parallel to the path is related to the change in the magnitude of v . 

SET UP: When the speed is iixrcasing. a is in tlx direction of »• and when the speed is decreasing, u is opposite 
to the direction of »• When v is constant, a is zero and when the path is a straight Ime. a. is zero. 

Execute: The acceleration sectors in e»:h ease arc sketched in Figure 3.8a*c. 

EVALUATE: is toward the center of curvature of the path. 



Figure 3.8a-c 


3.9. IDEMITY: The book moves in projectile motion once it leaves the table top. Its initial velocity is horizontal. 

SET UP: Take tlx positive r-direction to be upward Take the origin of coordinates at the initial positxm of the 
book, at the point where it leaves the table top. 

component 

a, = 0 . >’ 1( = 1.10 rn’s, 

0.350 s 
y-component 

\ i, * -9.80 

%-»• 

I = 0.350 s 


Figure 3.9a 

Use constant acceleration equations foe the v andy components of the motion, with a t - 0 and a, - - g . 
Execute: (a) v-v, «? 

y - v 4 - v,,/ + f a/ - 0 + i(-9.80 m s* X0.350 s)* - -0.600 m. The table top is 0.600 m above the Hoar 
<*»>*-**? 

x - = v Ut i + ±aj 2 =(1.10 m sMO.350 s) ♦ 0 ^ 0.358 m 

(c) v 4 - v 4l * aj - 1.10 mi's (The x -component of the velocity is constant, since - 0.1 
v = v + at - 0 + (-9.S0 m's*)(0.350 s) - -3.43 ms 



i 



v = ^v? ■tij - 3.60 m s 

= -3.118 

r 1.10 m's 

a =-72.2° 

Direction of v is 72.2° below the horizontal 
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3.10. 


3.11. 


3.12. 


3.13. 


(d) The graphs are given in Figure 3.9c 




Figure 3.9c 


Evaluate: In the. y- direction. a a -0 and »' # is constant. In the i*-direction. a t --9.K0m s' and \ is 
downward and increasing in magnitude since a and v are in the Kime directions. The v and t motions occur 
independently. connected only by the time. The time it takes the book to fall 0.600 m is tlx linx it travels 
horizontally. 

IDEA I1FY: The bomb mo\*es in projectile motion. Treat the horizontal and vertical components of the motion 
separately. The vertical motxm determines the time in the air. 

SET UP: The initial velocity of the bomb is the sanx as that of the helicopter. Take +y downward, so a, - 0. 
a , - *9.80 m s*'. v„, - 60.0 m s and v (> = 0 . 

Execute: (■) y-y, -v.,f + to/ with y-y, - 3CD0 m give* , _ J 2, - y ~ >u ^ - 

(It) The binnb IravcU a horizontal duUixc t - - y t j » ±a t ! - (60.0 m-)(7.82 s) - 470 m. 

(c| v 4 - v. ( - 60.0 m>. i, - IV, *a|- (0.80 mS 1 ((7.82 i| - 76.6 mi. 

(d) The graphs are given in Figure 3.10. 

(el Because the airplane and the bomb always have tlx same .y- component of velocity and position. the plane will 
be 300 m directly above the bomb at impact. 

Evaluate: The initial horizontal velocity of the bomb doesn't atTcct its vertical motion 



Figure 3.10 

Identify: Each object moves in projectile motion. 

Set UP: Take +y to be downward. For each crxkcL a t - I) and u - +9.S0 nVs J . For Chirpy. v 4j - v 0 - 0. For 
Miladi. v #fc -0.950 ms. =0 

Execute: Milada’s horizontal component of velocity lias no ctYect on her vertical motKm. She also reaches the 
ground in 3.50 s. x-x v - \\ t f 3 - (0.950 msW3.50 s) - 3.32 m 

Evaluate: The x are! y components of motion arc totally separate and arc connected only by the fact that the 
time is the sanx for both. 

IDENTIFY: The person moves in projectile motion. She must trjvcl 1.75 m horizontally during the time she falls 
9.00 m vertically. 

SET UP: Take +y downward. a t - 0. a, - *9.80 ms*'. v U4 = y 4% -0 . 


Km:c i rL: Tunc to fall 9.00 m 






Speed needed to travel 1 75 m horizontally during this time: x-x v - \\.J -f gives 
.r - x\ 1.75 m 

V, = Vo. ; ^ 1 29 m '. 

EVALUATE: If she increases her imhal speed she still takes 1.36 s to reach the level of the ledge, but has traveled 
horizontally farther than 1.75 m. 

IDENTIFY: The ear moves in projectile motion. The car travels 21.3 m - 1.80 m - 19.5 m downward during the 
time it travels 61.0 m horizontally. 

SET Up: Take + v to be downward, a =0. a - +9.80 m»s J . v. - v.. v - 0. 
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.1.14. 


.1.15. 


.1.16. 


EXECUTE: Use the vertical nvattan to find the time m the air: 


Then x - x t . - v l4 f + ii if gives v, — v 4< --- ■ ^ -30.6 in s . 

(b) v t = 30.6m/s since a t - 0. v t = v 0 , r <i,f = -19.6m/s . v- yf^Tv f = 363m/s. 

Evaluate: We calculate the final velocity by calculating its x and y compocxnts. 
iDLMItY: The marble moves with projectile motion, with initial velocity that is horizontal ami has 
magnitude »•,. Treat tlie horizontal and vertical motions scfurately. If i* t . is too small the marhlc will land to the 
left of the hole and if r t> is too large the marble will land to the right of the hole. 

SET UP: Let be horizontal to the right and let +y be upward. v Ul = v 0% v„ =0, a, = 0, n, = -9.80 m s* 
Execute: Use the vertical motion to find the time it takes the marble to reach the height of the level ground. 


k— v = -2.75 


cm v.. 


.,-,„. v . 4 ./^,.@E5».JUs—. 


The time docs not denmd 


x - r, 2.00 m 
” 0.749 i 


2.67 nVs. 


Minimum »,: x - r, - 2.00 m. f - 0.749 s . x - - \\,J + ±a,r gives r § - 

Maximum v,: x-r„ - 3.50 m and »• -1 - 4.67 m/s . 

° 0 * 0 749 s 

EVALUATE: The horizontal and vertical motions ore independent and are treated separately. Then only 
connection is that the time is the same for both. 

iDLvntY: The boll moves with projectile mixtion with an initial velocity that is horizontal and lias magnitude v p 
The height /i of the table and v ( are the same: the accclcraticei due to gravity changes from g t - 9.80 in s* on earth 
to g % on planet X. 

SET UP: Let +x he horizontal and in the direction of the initial velocity of the marble and let +y be upward. 
v u = v u* v.= 0 , a 0 , a - , where g is either g t or g. . 


EXECUTE: Use the vertical motion to find the time in the air: y - y t - -h . y - y, - v 4 / + la r gives / - \Z1L 




Then x - x - v t + la t 1 gives x - x - v i = v — . x - x -Da n earth and 2.76D on Phnct X. 


(x~x t ljg - \\j2h . which is constant, so Dyfg^ - 2.76 D^g ^. g x - =0.131^ - 1.28 ms : . 

EVALUATE: ()n Planet X the acceleration due to gravity is less, it takes the ball longer to reach the floor, and it 
travels farther horizontally. 

Identify: TTic football moves in projectile motion 

SET UP: Let +y be upward, a - 0, a - -g . At the highest point in the trajectory, i - 0. 


EXECUTE: (u) v - ». + ai . The time fix —- A ‘ - 1.63 s. 

* •' g 9.80 m/s* 

< 1»> Different constant acceleration equations give different cxprcssxmx but the same nunxrical result: 
lg 2 sills 13.1m. 

<c) Regardless of how the algebra is done, the time will h: twice that found in part <ak or 3.27 % 

<d> a t =0. so *- ^ avj* (20.0 mfa)&27%)m 65.3 m. 

<e) The graphs are sketched in Figure 3.16. 
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Evaluate: When the Football returns to its original level. \\ - 20.0 in's and v f - -16.0 in x . 



Figure 3.16 

3.17. iDt.Mih: The shell moves in projectile motion. 

SET UP: Let +x he horizontal, along the direction of the shells motion, and let ty he upwani - 0. 
a■ » -9.80 m f %T . 


EXECUTE: (u) y u - v* cox*7, - (80.0 m s)cos60.0° - 40.0 ms. 

v -i 

<bl At the n&ximum height \\ - 0 . v t - v,, + at gives f - 


V,«n*7, -180.0 nv*>sin60.0 i - 69.3 m s 

)- 69.3 m s 

-7.07 s. 

-9.80 m s* 


<«» < - 'V. »2a ty- v,»givc* y-y. 




9-<69.3 mil 3 


- ’45 m. 


2a, 21-94(0 ini' I 

(d> The total time in the air is twice the time to the maximum height, so 
.t — Aj — v 0 ,i * $aj’ - (40.0 m s)(14.14 s)s S66 m. 

(e> At the miximum height. i ( - \\ k - 40.0 m's and v, - 0 . At all points in the motion. 


- Oand 


EVALUATE: The equation for the bonzontal ranee R derived in Example 3.8 is R - ——This 


jives 


re - 


<80.0 m sr'sindlO.On 


.> K0 tn n 


- 566 m . which agrees with our result in pari id I. 


1.18. Idem IPX : The flare moves with projectile motion. The equations derived xn Example 3.8 can be used to find the 
maximum height h and ranee R. 


\ vin 

SET Up: From ILxanwIc 3.8. i\ - -1--and R 


sin 2*7. 


_ 4 , _ (125ms)*'(sin55.0°)*' rnr t% (125 m's) J (sin 110.0°) ___ 

Execute: (u) h - 535 m R - -0500 m . 


2(9.80 m S | 


9&i) m s 


|b>/j and #arc proportional to \tg . so on the Moon, h -| -— -|<535 ml - 3140 m and 


rt=l i V I1 " 1(1500m)-S8XI m . 


67 m s 


.67 m s 

EVALUATE: The projcctiV: travels on a parabolic trajectory. It is incorrect to say that i\ - I R f 21 tan • 

1.19. iDEMltY: The baseball moves in projectile motion. In pan (c) first calculate the components of the velocity at 
this point and then get the resultant velocity from its coirgionentx. 

SET L t P: Fins! find th: .v- and \ components of the initial velocity. Use coordinates where the redirection is 
upward, the *t.v-direction ts to the nuht and the origin is at the pomt where the basctull leaves the hot. 



»•,. - v, cos a t -<30.0 m s|cos36.9 : - 24.0 m s 
»• - iv sin a. — (30.0 m/sl sin 36.9° - 18.0 m/s 




Use constant acceleration equations for the v and r motxms. with a t = 0 and <i t 
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EXECITTE: CuI >' component (vertical molxm): 
y - y\ - + 10.0 ms. v 0 , -18.0 m's. a, - -9.80 mx\ i - ? 

ik «. + t«/ 

10.0 m ■ (18.0 m utf -(4.90 m'*V 
(4.90 ntSV-(18.0 nv'»K t-10.0 m - 0 

Apply Ihc quadiiili.* 1'ixmub: f 0t^-l8.0)*-4(4.90)(l0.0) j s-(1.837 s I.IS4) x 

The ball is al a height of 10.0 above th: point where it left the bat at f - 0.683 s and at /* - 2.99 %. At (he earlier 
time the ball pastes through a height of 10.0 m at its way up and at th: later time it passes through 10.0 m on its 
way down. 

<l»l V 4 - v <( = *74.0 m s. at all tmxs since a t -0. 

+*f 

r, - 0.683 s: v, = +18.0 m-s +(-9.80 nvs* #0.683 s) - +11.3 mi’s. ( v, it positive means that the hall is traveling 
upward at this point. 

( 3 - 2.99 t: v, - +18.0 ms + <-9.80 ms*'#2.99 *)--| 1.3 ms. ( v, is negative means tliat the bull is traveling 
downward at this point. I 
(c) v 4 - v* = 24.0 m s 
Solve 6>r v : 


3.20. 


v. - ?. v— y\ - 0 (when ball returns to height where motion started}, 
i? - -9.80 tnx\ ly a +18.0 m s 


■ !., ■* 2“,{y - .*■,) 



v - -»* --ISO ms (negative, since the has chill mutt be traveling downward at this paint} 


V' - 18.0 m ’s 

tan a --- 

v. 24.0 ms 

a - -36.9°. 36.9° below the horizontal 


f igure 3.19h 


The velocity of tbc hall when it retumt to the level w here it left the bat lias magnitude 30.0 in s and is directed at 
an angle of 36.9 & below the horizontal. 

EVALUATE: The discutsion m parts (a) and <b) explains tbc significant of two valuet of t for which 
y- V., - +10.0 in. When the ball returns to its initial height, our results give that its speed is the same as its initial 
speed and tbc angle of its vclccitv bck>w the horizontal is equal to the angk of its initial velocity above the 
htn/ontal; both of these are general results. 

IDENTIFY: TT»e shot moves in projectile motion. 

SET Up: Let +>• be upward. 

Execute: (u) If air resistance is to be ignored, the components of acceleration arc 0 horizontally and 
-g - -9.80 m/s* vertically downward. 

<bl The .v con^iooent ofvelexity is cceistant at v, - (12.0m/slco*5l.0 o - 7.55 m/s . The v»compnnent is 

v«, - (12.0 m/s)xin510° - 9.32 m/s at release and v, - v 4% - gt - (10.57 m/*)- (9.80 m/s 1 )(2 08 s> - -11.06 m/s 

when the shot hits. 

<c> =v 4 ,i - (7.55 m/s)(2.0Sx) = 15.7 m . 

<d| The initial and final heights are not the same. 

(e> With y - 0 and ly, as found above. Eq.(3.18) gives y 4 = 1 .8 1 m . 

(0 The graphs are sketched in Figure 3.20. 
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3.21. 


3.22. 


EVALUATE: When the shot returns to its initial height. x, - -9.32 ms . The shot continues to accelerate 


downward a* it travels downward 1 .81 m to the ground and the magnitude of \\ at th: ground is larger than 


9.32 m s. 



2» 

10 


|<M 


Figure 320 


IDKNIIIY: Take the origin of coccdinates at the point where the quarter leaves your hand and take positive v to 
be upward. The quarter move* in pru^ectilc motion, with a t - 0. and a t - -g. It travel* vertically for the tinv it 
takes it to travel hon/ontally 2.1 m. 



y lt - v„coxa, -16.4 ms)cos6CT 
v 4l - 3.20 m s 

v 4p - Vjsintr, - (6.4 nvs)*in60° 
v. - 5.54 m s 


Figure 321 

(a) Sill L’P: Use the horizontal (.vcompceiertf) of motxm to sohe for /. the time the quarter travels through the 
air 

f =?, x-^ = 2.lm. v U( - 3.2 m's. ti t -0 
.y-*, - v Ut i + 4 a J - y 4i l since a k - 0 

Extent: 0.656i 

v 0< 3.2 m's 

s»:r UP: Now fmd th: vertical displacement of the quarter after this time: 

>--»•„=?, a *--9. SO mi'. v,„ - *5.54 mi. I - 0.656 i 


y-*. * V'W 

EXECUTE: y-y„ - (5.54 m'iH0.6S6 i>-4(-9.SO mi')(0.656 %)' - 3.63 m- 2.1 1 m - 1.5 m. 
(b)SlTllP: v t- 0.656i. a =-9.80 ml*, v, = -»S.54ini 


v - » + a i 

Execute: »•, - 5.54 mir (-9S0 mi’ )( 0 . 6 S 61 ) = -0.59 mi. 

EVALUATE: The minus sign for v, indicates that the r compcmeitf of v is downward. At this point the quarter 
has passed thn>ugh the highest point in its path and is on its way down. Th: horizontal range if it rcturad to its 
original height (it doesn’t!) would h: 3.6 m. It re&rhc* its maximum height after traveling horizontally 1.8 m. so at 
.v - x, - 2.1 m it is on its way down. 

IDI.VI1FV: Use the analysis of Example 3.10. 

SET Up: From l:.\air*ilc 3.10. r ---and - (v 4 shut, y - Igt 1 . 

V,c<*a t 

EXECUTE: Substituting for / in terms oft/in the expression for gives 


1 W, - if tana.. - 






cos a 


Using the given values for i/and a u to express this as a function of v,, 

(a) - 12.0 ms gives y - 2.14 m . 

<h) v 4 ■ K.O m s gives y -1.45 m. 
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3.23. 


(c) v, - 4.0 m's gives v — -2.29 m . In thw ease, the dart was fired with so slow a sfeed that it hit the ground before 
traveling the 3-meter hcci/ontal distance. 

EVALUATE: Tor (a) and (dt the trajectory of the dixt has the shape shown in figure 3.26 in the textbook. Fee (c) 
the dart moves in a parabola and returns to the ground before it reach:* the x-ccordinate of the monkey. 

IDEMIFY: Take the ongin of coordinates at the roof and let the ♦ ^-direction be upward. The rock moves in 
projectile motion, with it, -0 and <t % --g. Apply constant acceleration equations For the x and y components of 
the motion. 

SET UP: 



V, - v t C0%a* - 25.2 m s 
v 0 = v. sin a;, - 16.3 m's 


(a) At the maximum height v - 0. 
a, - -9.K0 m*\ v f = 0. v Qt - -f 16.3 m's, y - ? 

■ * •, ■* 2fl,(y - 3«) 


Execute: 


y-y<> 


iL_iL 


0-116.3 ml)' ... 

-— - *13 .6 m 

2(-9.K0 mV) 


(h) SET UP: Find the velocity by solv ing for its r and \ components. 

V 4 - v„ f - 25.2 m’s (since a, = 0) 

V ( (t % - -9.80 nv’s J , >*-v, - -15.0 m I negative because at the ground the rock is below its initial position). 


v 4t -16.3 m s 

>1 + 2fl,(y-ji> 

v. - -^vj_ ■* 2d_I v- vj) ( r. « negative because at the ground tK: rock i» traveling clmvmvjrd. i 
Execute: v, - -^(16.3 nv*) ; * 2I-9.K0 mi'x-IS.O ml - -23.7 mi 
Then v = ^v; * = ,/(25.2 mil’ -*(-23.7 nv*)-' - 34.6 mi. 

(c) SET Up: Use the vertical motion (y» component I to find the tins: th: rock is in the air. 
t -?, v t - -23.7 m s (frxm part <b)). a, - -9.80 m's\ \\ y - + 16.3 m s 


EXECUTE: / - —^ 


-23.7 tn s-16.3ms 


• \ 


a , -9.K0 m s* 

SET Up: Can use this / to calculate the horizontal range 
f^4.0Ks. r,, = 25.2 mb, <j.=0, x-x^*? 

Execute: T-.v t . - r t .f+ r**/ -(25.2 msX4.0K s) + 0 - 103 i 
(d> Graphs of x versus /, v versus /. v versus /. and v versus / 





li^urc 3.23b 
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Evaluate: The time it takes the rock to travel vertically to the ground is the tmv it has to travel horizontally. 
With y 0i - +16.3 mi the time it takes the rock to return to the level of the roof O’ - 0} « * - 2v i( g - 3.33 s. The 
time in the air is greater than this because the rock travels an additional 15.0 m to the ground. 

1.24. iDEVIlt^: Consider the horizontal and vertical components of the projectile motion. The water travels 45.0 m 
horizontally in 3.00 s. 

S»:r UP: Let +y be upward. a t - 0 f a, = -9.80 m>V. v Vt = iv.costf,, = ^.sintf,. 

Execute: (u) .r - x t - v lt i + 4 a f * wives X - x. - v u (co»0 .U and cos#,- * 11 -- 0.600: O ., - 53.1 ° 

<25.0 m's|<3.00 s> 

<b> At the highest point v - - (25.0 m's)co*53.1 0 - 15.0 mi . v - 0 and v- + vj - 15.0 m s. At all points 

in the motion *i - 9.80 m s* downward 
<c> Find v-}\. when / = 3.00s : 

y - v, - v,.l. ia.i* -(25.0 iW*X*in53.l'X3 00 %)-.i(-9.K0 nvVMJ 00 i) ; - 15.9 m 

v. - \o. - 15-0 m.‘i . v, - v 0 ,ta,t-(2SO in l tX*nS3.l ,, |-(9.80»n*'X3.00 ») --9.41 ia’%. and 

v - yj'/ r K ‘ ~ V 115 0 m '*‘ ’ I” 9 4 1 "1 »)• - 17.7 m» 

Evaluate: The acceleration is the same at all points of the motxm. It takes the water 
v 20.0 nv’s 

r - -—- - ■ - 2.01 s to reach its maximum heicht. When the water reaches the building it has ixisscd 


m s 


its maximum height and its vertical compoornt of velocity is downward. 

1.25. iDLVIin and SEE UP: Th: stone moves in projectile motion Its initial velocity is the sanv as that of the balloon. 
Use constant acceleration equations for the v and »• components of its motKm. Take +y to be upward. 

Execute: (u) Use th: vertical motion of the rock to find th: initial height. 

r - 6.00 s. \\ f - +20.0 m/s. a , - +9.80 m x\ y - y 0 = ? 

y " y* - v + r*/ y ~ y* - m 

<b) In 6.(0 s the balloon travels downward a distaixe y-y\ - (20.0 s)(6.00 s> - 120 m. So. its height above 
ground when the rock hits is 296 m - 120 m - 176 m 

(c) The horizontal distance th: rock travels in 6.00 s is 90.0 m. Th: vertical component of the distance between the 
rock and the basket is 176 m. so the rock is ^<176 m)‘ +(90 m) ; - 19K m from the basket when it hits the ground. 

(d) (i) The basket has no horizontal velocity, so the rock has horizontal velocity 15.0 m s relative to the basket. 

Just before the rock hits the ground, its vcnical component of velocity is v t - v, + aj - 

20.0 m’s + (9.80 nvsf X6.IX> %) - 78.8 m s. downward, relative to the grouixl. The basket is moving downward at 
20.0 m's. so relative to the busket the rock has downward component of velixity 58.8 m's. 

<e> honzontal: 15.0 m’s; vertical: 78.8 m s 

Evaluate: The nxk has a constant horizontal velocity and accelerates dow nward 

1.26. iDLViitv: “Hie shell moves as a projectile. To Just clear the top of the cliff, the shell mast have 
y -y 4 - 25.0 m when it has x = 60.0 m . 

SET Up: Let +y be upward. a M = 0, a t — —g . v 0l - i , t .cos43‘ > , y 4% - v, sin43° . 

Execute: (ii) horizontal motHm: *-x - v t so /-— NM 11 ‘ — 

u * (v, ccw43°)f 

vertical motion: y - y, - y 4 J + gives 25.(>n - (v 0 sin 43.CTU + y(-9.80m's J )t*. 

Solving these two simultaneous equations for v t and / gives - 3.26 and t - 251 s . 

<b) v when shell reaches clitT: 


v, -v #> + a,i -(32.6 m s)sin43.CT-(9.80m’s‘K2.5l s)=-2.4 m s 
The shell is traveling downward when it reaches the cliff, so it lands right at the edge of the cliff. 

Evaluate: The shell reaches its maximum height at / - --2.27 s . which confirms that at / - 2.51 s it has 

passed its maximum height and is on its way down when it strikes the edge of the cliff. 

3.27. iDLMin: The suitcase moves in projectile modem. The mitul velocity of the suitcase equals the velocity of th: 
airplane. 
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SET UP: Take +v lo be upward. a t - 0. a w - -g . 

Execute: Use the vertical motion to find the time it takes tbc suitcase to reach the ground: 
v«, - v 4 rin23 : . a % - -9.SO m.'s J , y - v, - -114 m. r - ? v - v v - v, f + la/ gives t - 9.60 % . 
Tlte distanre the suitcase travels hon/xmtallv is - v u = (v,, co*23.0 : |f - 795 m . 


EVALUATE: An ctoicct released fnwn rest at a height of 114 m strikes the ground at r - 1——— 4.S2 s The 

V -z 

suitcase is in the air much longer than this sinre it initially has an upward component of velocity. 

3.28. IDENTIFY: Determine how a^ depends on the rotational penod T. 

SETUP: 

EXECUTE: For any item in the washer, the centripetal acceleration will be inversely proportional to the square of 
the rotational period; tripling the centripetal acceleration involves decreasing the period by a factor of Ji . so that 
the new period T is given in terms of the previous period Tby T' - T f . 

EVALUATE: The rotatxioil period must be decreased in order to increase the rate of rotatxm and therefore 
increase the centnpetal acceleration. 

3.29. Identify: Apply Eq. (3.30). 

SET UP: T = 24 h . 

4 g '<63H.I0‘«) 034 - 3 4 xl0 -g 

“ ((24 hKMOO «h>| 


Execute: 


(b> Solving Eq. (3.301 for th: period T with * . - v . T - m| 

9.80 mV 


= 5070 s -1.4 h. 

EVALUATE: a is proportxmal to \/r . so to increase a by a factor of- - -- - 294 requires that The 


3.4x10 

multiplied bv a factor of — . —. 1.4 h . 

3 JO. IDENTIFY: Each blade tip moves in a circle of radius R - 3.40 m and therefore has radial accclcratxm 

a. = v‘lR. 


SET Up: 550 rev mm - 9.17 rev* . corresponding to a prriod of T — 
2xR 

Execute: (u> v - —— 196 m s. 


17 rev s 


0.109 s. 


<bl —= 1.13x10* 01^ = 1.15x10^. 

R 

EVALUATE: a iU ———gives the same results for a^ as m part tb). 

Ul. Identify: Apply Kq.(3.30). 

SET Up: R = 7.0 m . g - 9.K0 m s‘. 

Execute: (ii) Solving 1^. (3.30) for T in terms of R and a^ . 

T = fipR/aZ - 0 m)T3.0K9.K0 m V) = 3.07 s . 

<b> a ^ = 10# gives T = 1.68 x. 

Evaluate: When a ^ increases. T decreases. 

3J2. IDENTIFY : Each planet moves in a circular orbit and therefore has acceleration - v* * R . 

SET UP: The radius of the earth s orbit is r- 150x 10*' m and its orbital penod is T - 365 days - 3.16x 10 : s . 
For Mercury, r = 5.79x10* na and T - SS.O days = 7.60x10* s . 

2 %r 

Execute: (id v- —2.9Sxio* ms 


(b) _-5.91x10’ 1 ms\ 

r 

(c> v = 4.79x10* ms. and a =3.96x10 * mV. 
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3-33. 


3-34. 


3.35. 


3-36. 


EVALUATE: Mercury has a larger orbital velocity and a larger radial acceleration than earth. 
iDEMlfrY: Uniform circular motion. 


SET UP: Siixc tlx magnitude of 


jU 

is constant, -— - 0 and the resultant accclenition is equal to the radial 

<it 


component. At each point in the motievi the radial component of the acceleration is directed in toward the center of 
the circular path and its magnitude k given by t* R. 

EXECUTE: (u) - — - l>l u *' - 3.50 ms\ upward. 

R 14.0 m 

<l>) Tlic radial acceleration has tlx same magnitude as in part (a), but now the direction toward the center of the 
circle it downward. The acceleration at this point in the motion is 3.50 mV. downward. 

(c) Si r UP: The time to make one rotaticei is the period T. and the speed i is the distance for one revolution 
divided by T. 


Execute: 


2 jtR 2xR 2.7(14.0 m) # _ , 

i-so T -- 12.6 s 

T i 7.00 m s 


EVALUATE: The radial acceleration is constant in magnitude since » is constant and is at every point in the 
motion directed toward the center of the circular path. The accclcruticei is perpendicular to v and is nceixcro 
because tlx direction of »• changes. 

IDE\ I1TY: Tbe acceleration is the vector sum of tlx two prrpcndicular components, and a . 

SET UP: is parallel to r and hcixe is associated with the change in speed: ei^ - 0.500 m's* . 

Execute: (u> ^ v* / R «(3 m‘ 1) 1 /»14 m) = 0.643 m'» J . 

a - ((0.613 m'i') 1 -*(0.5 mV')')’ 1 -0.S14 nvi\ 37.9" to Ihc right of vertical. 


(b) The sketch is given in Figure 3.34. 



I DEN iity : Each port of his body motes m uniform circular moticoi. with a ttJ - -The speed in rev/s is 17. 

R 

where T is the period in seconds ttime for 1 revolution I. The speed »• increases with R along the length of his body 
hut all of him rotates with the sanx period T. 

SET UP: For his head R - 8.84 m and for his fed R - 6.84 m . 

Execute: (u> v- V 8 - 84 n>MI2.5H9.»0 nvV) - 32.9 mi 
(l>> Use c/ tU - . . Since his head has - 12.5# and R - 8.84 m * 




2.7 


S.H4m 


s . Then his tcet have u.- —- - - 

\)<i^ 12.519.80 mV) 7‘ (1.688 %y 

Tlx difference between the acceleration of his head and his feet is 12.5# -9.67# - 2.83# - 27.7 m s'. 


R 4.t : ( 6.84 ml 


-94£mfc J -9.67# . 


(cl --!-0.592 rev ’s - 35.5 mm 

7 1.69 s ^ 

Evaluate: His feci have speed 1 - ^RaZ - ^<6.84 m)(94.8 m s*) - 25.5 ms 

KDSXnFY: The relative velocities are r 1( . the v elocity of the scooter relative to the flatcar, , the scooter 
relative to the ground and v t G . the flatcar relative to the ground. v vo — \\ i 4* \\ %t . Carry out the vector addition by 
drawing a vector addition diagram. 

Set UP: - v 4o -r, c . v Ut is to the right, so -r, is to the left. 

EXECUTE: In each ease the vertex addition diagram gives 
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3J7. 


3JS. 


3.39. 


3.40. 


(a) 5.0 m s to the nght 
(b> 16.0 m s to the left 
|c) 1 3.0 m f% to the left. 

EVALUATE: The scooter has the largest speed relative to the ground when it is moving to the right relative to the 
tlatcar. since in that ease the two velocities r* f and v t u arc in the sunc direction and their magnitude aiid. 

IDFA I1FY: Relative velocity problem. The time to walk the length of the moving sidewalk is the length divided 
by the velocity of the woman relative to the ground. 

SET Up: Let \V stand for the wonvin. (» for the ground, and S for the sidewalk. Take the positive direction to be 
the direction xn which the sidewalk is moving. 


The velocities 


i it 


(woman relative to the ground}, v* f woman relative to the sidewalkl. and v (sidnvalk 


relative to the grounds 
Eq.(3.33) beconvs v - v 


i . 


distance traveled relative to ground 


The time to reach the other end k given by / - 

Execute: <u> v 4l . - l.o m s 
v w «+1.5 ms 

Y mXt -* V 4C i 1.5 m.Vt t- 1.0 m s = 2.5 m s. 

35.0 m 35.0 m t 

r- - - -14 s. 

>Vo 2.5 m s 
(h) v Mt - 1.0 m s 

v «— 115 

v % u - »' WA + i' lc - —1.5 m's -f 1.0 m s - -0.5 m's. (Since v g % now is negitivc. she must get on the moving 
sidewalk at the opposite end from in part (a(.) 

-35.0 m -35.0 m 


= 


- 70 s. 


iVo -0.5 m s 

EVALUATE: Her speed relative to the ground is much greater in part (a) when she walks with the motion of the 
sidewalk. 

Identify: Calculate the rower’s speed relative to the shore for each segment of the round trip. 

SET UP: The boat’s speed relative to th: shore is 6.8 kmh downstream and I 2 kmh upstream. 

EXECUTE: The w alker moves a total distaixe of 3.0 km at a speed of 4.0 km h. and takes a tine of three fourths 
of an hour (45.0 min). 

1.5 km 1.5 km 


flic total time the rower takes is 


.47 h-88.2 mm. 


6.8 km h 1.2 kmh 

Evaluate: It takes the rower longer, even though for half the distance his speed is greater than 4.0 km h. The 
rower spends more tin>: at the slower speed. 

Identify : Apply the relative velocity relation. 

SET UP: The relative velocities are \\ t . the canoe relative to the earth. , th: velocity of the river relative to 
the earth and r< % . the velocity of the canoe relative to the river. 

EXECUTE: t - P c . a + v Re and therefore v, v • v c l — v Ki . Th: velocity coirguxvcnts of » ; t fc arc 

-0.50 m s + (0.40 m'iVjl. cast and (0.40 m s>* V5. south, for a velocity relative to the river of 0.36 m s. at 

52.5° south of w est. 

EVALUATE: The velocity of the canoe rehtivc to the river lias a smaller magnitude than the velocity of the came 
relative to the earth. 

IDFXIIFY: Use the relation that relates the relative velocities. 

SET L’P: The relative velocities arc the velocity of the plane relative to the ground, . th: velocity of the plane 
relative to the air. v f A . and the vcltxity of the air reiitivc to the ground. %\ u . r P<l must due w est and r Ati must 
be south. v’ M( - SO km h and v p % - 320 km h . * y ku . The relative velocity addition diagram is given 

in Figure 3.40. 

Execute: (u)sin#-l^.- and 0 = 14*,north of west 


»Vv% 320 km h 
(b) v Mi = ; A - »’.; 0 = j(320 km h) 2 -<S0.0 kmh) 2 =310 km h 
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Evaluate: To travel due west the velocity of the plane relative to the air must have a westward component and 
al»o a component that u northward, opposite to the wind direction. 

S 


Figure 3.40 

iDIAIlfV: Relative velocity problem in two dimensions. His motion relative *o the earth (time displacement} 
depends on hts velocity relative to the earth so we must solve for this velocity, 
la)SET UP: View the mixtion from above. 


4 


The velocity vectors in the problem are: 
v vlJ . the velocity of the nun relative to the earth 
r* u • velocity of the water relative to the earth 
r MU . the velocity of the man relative to th: water 
The role for adding these velocities is 


figure 3.41a 

The problem tells us that t has magnitude 2.0 m s and direction due south. It also tells us that r viv has 
magnitude 4.2 m s and direction due east. Th: vector addition diagram is then as shown in Figure 3.41b 

This diagram shows the vector additicei 
-—*W ” *W * *W 
l w.t and also has and in their 

~ ^ specified directions. Note that the 

v - 4.2 nv'* vector diagram forms a right triangle. 


Figure 3-4lb 


Tlie Pythagorean theorem applied to the vector addition dugram gives v* 


5.2 m s 


K\».ti it: •• I : m s| • 12 <i nv s) 4.7 ms ~ 2 10 0 65*01 

i\i C 2.0 ms 

d - 90° - 0 - 25°. The velocity of the man relative to the earth has magnitude 4.7 m s and direction 25° S of E. 
(b) This requires careful thought. To cross the river th: man must travel 800 m due cast relative to the earth. The 
man’s velocity relative to tfo: earth is r Mt . But, from the vector addition diagram the eastward component of v Mt 
equals v -4.2 m's. 


v, 4.2 m s 

(c) The southward component of r vll equals \\ v - 2.0 m ’s. Therefore, in the 190 s it takes him to cross the river 
the distaixe south the man travels relative to the earth is 

y - y a = vf = (2.0 m*X 190 s) ^ 380 m 

Evaluate: If there were no current he would cross in the same time. 1800 m)/(4.2 m's) - 190 s. The current 
carras him dnwnstrcam but doesn’t affect his motion in the perpendicular direction, from bank to hank. 

.1.42 iDIAiifrY: Use the relation that relates the relative velocities 

SET UP: The relative velocities are the water relative to the earth. r, t t . the boat relative to tie water. r MV . and 
the boat relative to the earth. »‘ u| . P fc4 is due east. is due south and has nvigmtixlc 2.0 mte. v k , A -4.2 m's. 
t* ut - ** j • The velocity addition diagram is given in Figure 3.42. 
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3.43. 


Execute: (a) Find the direction of r fcW . «n 0 - -1L *'* ' 

■to 42 m * 

(b> v M - Ji’ftv -*i, - ^<4.2 m's) J -(2.0 in's)* - 3.7 m s 


. 0 - 28.4' . north of cast. 



Evaluate: It takes longer to cross the river in this problem than it did in Problem 3.41. In the direction straight 
across the river (cast) the component of his velocity relative to the earth is lass than 4.2 ms. 


IW 


Figure 3.42 


IDENTIFY: Relative velocity problem in two dimensions. 

<a) SKT UP: * is the vekicity of the plane relative to the air. The problem states thit v, K has magnitude 

35 m/s and direction south. 

r A , is th: velocity of the air relative to the earth. The problem states that v Kl is to the southwest I 45° S of W) 
and has magnitude 10 m s. 

The relative velocity equation is v ti - »•,.* * h vI . 



Figure 3.43u 

tXfCWK (b) (»v 4 ). -0. (»> J, = -35 m't 
(»*. I. - -<I0 m*lcm45° - -7.07 m'i. 

(v*,), ="(10 mV|Hn4S° = -7.07 mV 

(»>,). “(V*).“ 0 - 707 mV--7.1 m It 

«»>,), “0V»), *■<**,), =-35 ml - 7.07 mV^-42 mV 

>p«= 

IV, - ^(-7.1 mil' »(-42 mi'll' - 43 mV 

luntf-ilnL_lZJ.-0.l69 

(*>.), -*2 

tf - 9.6"; (9.6° wet* of south) 

Evaluate: The relative velocity addition diagram docs not form a right triangle so the vector addition must be 
dime using ccxnpoocntx. The wind adds both southward and westward coiryionoits to the velocity of the plane 
relative to the ground. 


' 
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.1.44. 


.1.45. 


.1.46. 


iDEVim: Use Eqt.(2.17| and (2 18>. 
s»:r UP: At the maximum height » - 0. 

tWCUIB (a» v. = v,. r li‘. v, = ■. pi -U- . and j = \„.t . 2-l\ v = »„/ . 'll ‘ -U 


- ‘—t 1 , which has as the positive solution 


(hi Setting \\ - 0 yields a quidrahe in 0 - \\ 

t |^/y -f -f 2r,/ j - 13.59 s . Using this time in the expression for i^/) gives a maximum height of 341 m. 
(c> The path of the rocket is sketch^! in figure 3.44. 

(<1> > - Ogives 0 = » |t f + lLr-Lt and '—t s -0. The positive solution is f = 20.73 s . For this/. 



.v = 3.85x10* m. 

EVALUATE: The graph in part <c) shows the path is not symmetric about the highest point and the time to return 
to the ground is less than twice the time to the maximum height. 

yt0<«0 


Figure 3.44 


dr . dv 

IDLMUV: v - — and a — — 

dt Jj 

SETUP: (0«#if* At f = l.00s. a t = 4.00 m's : and a, = 3.00nVs ; . At / = 0. * = 0and y = 50.0m. 

dt 

Execute: (ul v 4 - - 2 Bt . a t - - 2 B . which is independent of/. a t = 4.00 m s* gives B - 2.00 ms : 

dt dt 

\\ = — = 3 Dt : . d . - - 6 Dt . a . = 3.CO mts 1 gives D - 0 500 mV . x - 0 at / - 0 give* A- 0. y - 50.0 m at 

dt dt 

t = 0 gives C - 50.0 m . 

(b) At t = 0. v 4 = 0 and v, = 0, so r - 0. At / = 0. a, = 2B » 4.00 m s* and a % *0. so a - (4.00 ms* )i . 

(clAt t- 10.0 s. v = 2(2.00 m's*H10.0 s) = 40.0 m's and v. =3(0.500 m^WlO.O %Y =150 m's. 


v = J V -f ir - 1 55 m's . 


(d) x = (2.00 m's*)(10.0 s)* = 200 m . y - 50.0 m-<0.500 m'* l )(I0.0 s) 1 = 550 m r -(200 m)/ + (550 ra)/\ 

Evaluate: The velocity and accclcratxm vectors as functions of time are 

r(/) — <2#/»i + (3/V)y and a(/)-(2£)j 6(6 Dt)j . The acceleration is not constant 

I DIM in: r - r % ♦ r{/)rf/ and a - 

SET UP: At t = 0, X& = 0 and y v = 0 . 

Execute: (u) Integrating, r - [at -lLt‘)i + (1 r)j . Differentiating, a - i-2/k\i 6// . 

(hi Tlie positive time at which x = 0 is given by f* - 3 affi . At this time, the ^coordinate is 

2 2 ff 2 ( 1.6 m's) 


EVALUATE: The acceleration is not constant. 
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3.47. 


3.48. 


3.49. 


3.50. 


Identity: Once the rocket leaves the inclim it moves in projectile motion. TTie acceleration alone th: incline 
determines the initial velocity and initial position for the projectile motion 

SET UP: For motion along the incline let -fra he directed up the incline. - »* # -f 2a t (x - x*) gives 
v t - ^2(1.25 mV H 200 ml - 22.36 m's . When th: projectile motion begins th: rocket has v g - 2236 in x at 
35.0" above the horizontal and is at a vertical height of <200.0 m)sin35.0° - 114.7 in . Foe the projectile motion 
let -tx be hon/xmtal to the right and let +y he upward. Let y - Oat the ground. Then r g - 114.7 m . 

V,. - v,ca3$Xr - 18.32 mf %. v tp - v o sm35.0° - 12.83 m r s, fl.aO, a, - -9.80 ms*. Let x - 0 at point A % so 
**■<200.0 m)cox35.0* = 163.8 m 

Execute: (u> At th: maximum height v. - 0. v? - vj, + 2 a, (y-y«) gives 
v*-vl 0- <12.83 m s)* 

v - v. —-—-- 8.40 m and v -114.7 m + 8.40 m - 123 m The maximum height above 

2a, 2(-9.80 ms") 

ground is 123 m. 

(h) The time in the air can be calculated from the verticil component of the projectile motion: y - y 0 - -114.7 m . 
v 4t - 12.83 m's. a t - -9.80 mV. y-y ( = v^t + ^ar gives (4.90 m's 5 )# 1 -(12.83 mte)f -114.7 m . The 


quadratic formula gives f - 12.83 ± ^(12.83)' t 4(4.90)U 14.7) | s . The positive root is / - 6.32 


s Then 


*-x, - v;i 4a r -(18.32 m'x*6.32 x) - 115.S in and * - 163.8 m + 115.8 m - 280 in . The horizontal range of 
the rocket is 280 m. 

Evaluate: The expressions for h and R derived in Example 3.8 do not apply here. They are only for a projectile 
fired on level ground. 

I DEN I1TY: TT»c person moves in projectile motion. Use the results in Lxample 3.8 to drtermine how 7*. k and D 
depend on g and set up a ratio. 

SET L’P: From Lxample 3.8. the time in the air is / --. the maximum h:ight is h - -and the 

horizontal ranee (called D m the problem) is D -- The person has the same v* and r/ on Mars as on 


the caith 


fi 


i 


Execute: ig - 2v: l sma a * which is constant, so r. v. - . r M - I — [/. -! ——— X - 2.64/ . 

,8s. J \0379g,. 

kg - -which is constant. so h i g t - . h u -1 — |\ - 2.64/1* . Dg - i* sin 2rr t .. which is constant. 


-2 64/V 

EVALUATE: All three quantities arc proportional to 1/ g so all increase by the same factor of g* ig u - 2.64 . 
IDE\IWY: TTie range for a projectile that lands at the same height from which it was launched is R - — 

8 

SET Up: The maximum range is for a - 45° . 

EXECUTE: Assuming a » 45 c . and £-SOm. v, - <fgR - 22 m's . 

EVALUATE: We have »xunxd that debris was launched at all angles, including the angle of 45‘ that gives 
maximum range. 

Identity: The velocity has a horizontal tanuential component aixi a vertxal component. The vertical component 


of acceleration is zero and the horizontal component is - -j- 

SET UP: Let +y be upward and ~x be in the direction of the tangential velocity at the instant we are 
cons idling. 




.1.20 Chapter 3 


.1.51. 


.1.52. 


.1.52. 


Execute: (u) The bird** tangential velocity can be found from 

circumference 2.7(8.00 m) 50.27 m 


v - 


-10.05 m s 


tune at rotation 5.1X1 x 5.00 x 

Thus itx velocity conxixtx of the coirpooentx v t - 10.05 m'x and v, - 3.00 m'x . The speed relative to the ground is 
then v - ^v; + - 10.5 m x . 

(I>) The bird** xpeed ix constant, so its acceleration ix xtrictlv centripetal entirely in the horizontal direction, toward 

^_.io.05mVr 


tlic center ot its spiral path and hax magnitude a -- 


5.00 


(c) l.'sine the vertical and hon/ontal velocity compofxntx 0 - tan — ' 16 . 6 ° . 

10.05 nVs 

EVALUATE: The angle between the bird’s velocity and the horizontal remain* constant as the bird me*. 
lut.Mih: Take +y to be downward. Both objects hive the umc vertxal motion, with i # and a - rg. Use 
constant acceleration equatxmx for the v and y component* of the motion. 

SKT UP: Use the vertical motxm to find the time in the air: 

K - 0. a - 9.80 mx\ y - y # = 25 m. t -? 

Execute: y-y 0 - gives f - -259 * 

During this tinx the dart must travel % m. so the hon/ontal component of its velocity must be 
x - xu 90 m 




40 m s 


/ 2.25 s 

Evaluate: Both objects hit the ground at the xanx time. The dart hits the monkey for any muzzle velocity 
greater than 40 m'x. 

IDEMIPY: The person moves in projectile motion Her vertical motion dctcrmirxx hrr tmie in tlx air. 

SET UP: Take +y upward v u -15.0 m s . v 0 , - 110.0 m x . a, -0. a t - -9.S0 mS : . 

EXECUTE: (u) U*c the vertical motion to find the time in the air y - y 0 = »’,,/ + with y- v, - -30.0 m 
gives -30.0 m - <10.0 m'sy - (4.90 m's*)/ J . Tlx quadratic formula gives 

I __l_(.|0.0t ^<-10.0)-' -4i4.9M-Wl( % . The positive solution it / - 3.70 x . During, this time she travels 

horizontal dislaixc x - x % - v^J -♦ — (15.0 m*H3.70 s) - 55.5 m She will land 55.5 m south of the point 

where she drops from the helicopter and this is where the nut* should have been placed. 

(b) Tlx x«#,yw t v, •/ and v •/ graph* are sketched in Figure 3.52. 


2(30.0 m> 


Evaluate: If she h:xl dropped from rest at a height of 30.0 m it would have taken her / - 

” * 9.80 ms 

She is in the air longer than this because she lias an initial vertical component of velocity that is upward. 

x v v. S 


^ 2.47 i . 



Figure 3.52 


Iden I1PY: The cannister moves in projectile motion. Its initial velocity ix hori/cvital. Apply constant acceleration 
equation* for the .r arxl v components of motxm. 
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3.54. 


3.55. 


T 


Set Up: 

Take the effiginof 
coordinates at t Yk point 
»* n where the canister is 

.v released. Take +y lobe 

x v upward. The initial 

\ velocity of the canister is 

' the velocity of the plane. 

“- 1 - 64.0 m s in the 

♦.v-direct ion. 

I'i jure 3.53 

Use tlie vertical motion to find the tinx of fall: 

t - ?. v t - 0. a - -MO m's\ v - y c - -90.0 m < When the canister reaches the ground it is 90.0 m below the 
origin.) 

Y-y% =Y 4 J + ?aJ* 


_L 


EXECUTE: Since i -0. 


y a, v -9.80 mV 


SET L’P: Then use the horizontal compocxnt of the motion to calculate how far the canister falls in this time: 
*-**?. Vfa — 64.0 mi's, 

EXECUTE: x - x v - vj + laC = 164.0 msM4.286 s) -t- 0 - 274 m. 

Evaluate: The time it takes the canncstcr to fall 90.0 m. starting from rest, is the tin*: it travels horizontally ai 
constant sliced. 

Idem in : The equipment moves in projectile motion. The distance O is the horizontal ranee of the equipment 
plus the distaixc the ship moves while the equipment is in the air. 

SET UP: Tot the motion of the cquipnxnt take -x to be to the right and ty to be upwards. Then <i k - 0. 
a t - -9.80 in's*. = v 0 cos<*, = 7.50 m s and v 4t - »•, sino, -13.0 m’s . When the equipment lands in the front 

of the ship, y - y 4 = -8.75 m. 

EXECUTE: Use the vertical motion of the equipment to find its time in the air »•-v,. ~ »'*/ + W’ gives 


r - —i—jl3.0±^ , (-13.0>* ♦ 4I4.90XS.75) J s . The positive root is f - 3.21 s . The horizontal range of the 

equipment is x - x v - v,.f -f laj 1 - (7.50 msX3.21 s) - 24.1 in . In 3.21 s the ship moves a horizontal distance 
(0.450 m/sX3.2l s) - 1.44 m . ski D- 24.1 m + 144 m» 25.5 m . 


Evaluate: 


The equation 

X 


from Example 3.S can't be used because the starting and ending points 


of the projectile motion arc at ditTcrent heights. 
IDENTIFY: Projectile motion problem. 



Take the origin of 
coordinates at tbc point 
where the bull leaves tbc 
bat. and take +v lobe 
upward. 

*<u ■ v t >«««* 

v 0 , = Vasina,,. 

but we don’t know t^. 


11 jure 3.55 


Write down tbc cquition for the horizontal displacement when the ball hits the ground and lb: corresponding 
equation for th: vertical displiccment. The time r is tbc same for both components, so this will gjvc us two 
equations in two unknowns ( v* and t k 
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(a)Snl>: v component : 

a t - -9.80 mx\ y - r a - -4)9 m. iv - »• xin45 : 


y-y^y*. 

Execute: -4)9 m - {v;,sin45 0 y r 4(-9.80 ro'sV 

SET UP: v component : 

i7 - 0. x — a*. - 18S m. »•, - v, cos 45 : 


Execute: / --1— 


188 m 


> cos45 : 


I'll! the expression for f from the .t-component motion into they-ccanpoacnt equation and solve for v 4 . {Note that 
sin 45° - cot 45°.) 


-0.9 m - (i’,sin 

4.90 mV I 


*8 m 


ci»45* 


-(4.90 m s' > 


188 m V 


>. cos45 


-188 m 10.9 m = 188.9 m 


os45 : V 4 90 in s‘ 
188 m ' 188.9 m 


4.90 m V 


- 42.8 nvs 


co*45 }\ 188.9 m 

(b) Use the horizontal motion to find the time it takes the hall to reach the fence: 
SET Up: v component : 

.y - x, - 116 m. a. - 0. »• - v,cos45 : - (42.8 ms)cos4 S° - 30.3 m4. f - ? 


x - x - \ l - —d i 


Execute: / - -— 


116 m 


- 3.83 s 


v d4 30.3 nVs 

SET Up: Find the vertical displacement of the ball at this /: 
component : 

- v, - ?. a. - -9.80 mta\ v* - v,»n45° - 30.3 m x. r - 3.83 x 




y->\ 

Execute: v-y 0 = <30.3 xM3.83 s) + i<-9.80 nvx : X3.83 x>* 

y - y\ -1160 m - 71 9 m - +44.1 m. above the point where the ball wax hit. The height of the ball above the 
ground ix 44.1 m + 0.90 m - 45.0 m Ifx height then above the top of the fence is 45.0 m- 3.0 m - 42 0 m. 
Evaluate: With \ v - 42.8 m/s. Y 0 - 30.3 m s and it takes the ball 6.18 s to return to the height where it was 
hit and only slightly longer to rc»:h a point 0.9 m below this height. / - (IKS m)/(v 0 cos45 o > gives t - 6.21 *. 
which agrees with this estimate. Th: hall reaches its maximum height approximately (188 m)/2 - 94 in from 
home plate, so at the fence the hill is not far past its maximum height of 47.6 m. so a height of 45.0 m at the fence 
is reasonable. 

IDENTIFY: The water moves in projectile motion. 

SET Up: Let Xq - y v - 0and take +r to be positive. a k - 0. 

Execute: The equations of motions are y - (i' t . sin a If - +gi' and .y - <i, cos a If. When the water goes in the 
tank for the minimum velocity, y - 2D and .y - 6 D . When the water goes in th: tank fee th: maximum velocity. 
y - 2D and .y - 7 D. In both cases, sin a - cox a - Jit 2. 

To reach the minimum distance: 6 D - »•/ . and 2D - —— vj ~ ±y.t m Solving the first equation for f gives 


6Dj2 

r -Substituting this into the second equation gives 2D - 6/3 - 

* ‘ l 


l V 


* 


Sol vine this for »*, gives 


.=sjgi> 
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To reach the maumwji distance: 7 D - . and 2D - vj - . Solving tbc first equation foe / gives 


f - . * v ~ Substituting this into tbc second cquat 


ion gives 2D - ID - ly j 1 . Solving 


this fee v gives 


V, - yjt9yD.' 5 - 3.13 JgD y which, as expected. is larger than the previous result. 

EVALUATE: a launch speed of v 0 - yfk yjyD - 2.45^:D is required for a horizontal range of 6 D. Tb: minimum 
speed required is greater than this, because the water must be at a height of at least 2D when it rcarhes the front of 
the tank. 

Identity: Tbc equations for /j ar>J R from Example 3.S can be used. 

Si:r UP: h - *' <in f/> and R . if the projectile is launched straight up. a -90° . 


Execute: (■) h = and v 0 = 

(1>| Calculate a % that gives a maximum height of h when i* t - 2 J2 ?/j . h - ‘ ' * ^ n ‘ 4Asin* a %t . sin/ij - land 
a 300°. 

(2 fiyh) sin60.0 ; 


(O R- 


- 6.93/t. 


r 2k 


tVAll ATE: — 


? sin a b 


fcO tf- 


:/jsin| 2 a.) 




Foe a inven r/„. R itxreascs when h increases. For a. - 90° . 


R=<) and for A -0 ami R-0 . For « u = 45\ R ^ 4/i. 

Identity: To clear the bar the hall must haw a height of 10.0 0 when it has a horizontal displaccmrnt of 36.0 ft. 
The ball moves as a projectile. When »*,. is very large, the ball reaches the goal posts in a very short time and the 
acceleration due to gravity causes negligible diywnward displacement. 

SET UP: 36.0 ft - 10.97 m : 10.0 ft - 3.04K m . Let +* be to the nght and ♦> be upward, so a k - 0. a t , 
* v;,costz., and v 4> - !, sin a % 

10.0 ft 


EXECUTE: (a) The ball cannot be aimed lower than directly at the bar. tanr/„ - 


36.0 ft 


and a. -15.5* . 


|h| v - x* = v 4 ,i ♦ y gives i = x X = x ** . Tben y - v. r • -u/ gives 


x - 




1 .. 


I - V, Mv.nna,) -- S— ^ (x - v, >tana, -~g-« - 

I v.coxa. I 2 Vj cos a., 2 v.cos a, 


<*-*«) J X 

cosa, Y 2 J|v-x,Man-(v- 


10.97 m 


9.K0 m s 


- 12.2 m s 


v.)] co*45.0 v 2(10.97 m-3.l>4K m] 


Evaluate: With the i in part <b) the horizontal range of the ball is R - - s>! ‘~ ,/ _ 15.2 m - 49.9 ft . The ball 


reaches the highest point m its trajcctcev when x - x* - Ri 2 f so when it reaches the gcxil posts it is on its way 
down. 

IDENTITY: Apply Kq.<3.27) and solve far x. 

SET Up: The change in bright is y - -A . 

EXECUTE: (u) We get a quadratic equation in x . tlie solution to which is 

If h - 0 . the square root reduces to v u sin a .. and v- R . 




.*•24 


< huplcrJ 





Motion in Two or Three Dimension); 3*2$ 


Coll the range ft when the angle is a. and ft. when the angle is 90°-a. 


ft - Oleosa-, 


2 **, sin a, 
8 


^-(r.co■ca-- Q ,.),| ^» - n . < J-"' 1 

The problem asks us to show* that ft - ft. 

EXECUTE: We can use the trig identities in Appendix B to show 
cos(9Cr -a t .) - cast a,, - 90^1 - un 


Thu. *, -<!•,nina^i 2> '^ Q ' j *<v. «»«.>[ 2v "» nq ' - 

.;»n2a, io %{o2a *g s <0.25 mH^.SO nv.' l 
* >' < 2-2 m. s)- 

This gives a = 15° or 75°. 

EVALUATE: R - (»*;'sin2a, )/g. so the result in port (at requires that sin : (2a,) - sin'tlSO*- 2a t ). which is true 
<Try some values of and see!I 
3.62- iDI-MIfT: Mary Belle moves in pn^cctilc motion. 

SET UP: Let +>* be upward. a t - 0 f <r r = -g . 

Execute: (u> Cq.l3.27l with x - 8.2 m. .v-6.1m and a, -53 & gives v;, - I3.S m s . 

(b) When she reached Joe Bob. t - . V ~ M - 0.9874 x . v - v - 8.31 m s and v - v + a / - -t 1.34 m s . 

» ( cos 5.3' 4 44 ...» 

v - 8.4 m s. at on angle of 9.16*. 

(c) Tlie graph of v 4 (l) is a hon/ontal line. The otto graphs ore sketched in figure 3.62. 

<d> Use Iiq. (3.27). which becomes y = (l 327).v - (0.071115 m 1 yr* . Setting y = -8.6 in gives x - 23.8 m as the 
positive solution. 

*< 0 <m> y< 0 <«n> 





3.63. (a) IDENTIFY: ProjectiV: motion. 



400 nn- 

Figure 3.63 


Take the origin of coordinates at tlie top 
of th: ramp and take + y to be upward. 
The problem specific* thit the c&jcct is 
displaced 40.0 m to the right when it is 
1 5.0 m below* the origin. 


We don’t know t s th: time in the air. and we don’t know v . Write down the equations for the horizontal and 
vertical displacements. Combine these two equitions to eliminate ooc unkrxiwn. 

SET UP: i component : 

y-y, =-15.0m. a,--9.80ml 1 . -v,sin53.0 : 

Execute: -IS O m-(v,«n53.0‘lf-<4.90 m-V 
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SET Up: v component : 

x-x 4 - 40.0 m. a, -0. = v„co*53.0 : 


Execute: 40.0m-<v f ncos53.cr 

40.0 m 

The second equation says vj -- 66.4? m. 

3 cat 53.0° 

Use this to replace vj in tlic first equation: 

-15.0 m -(66.4? m>sin53°-(4.90 m'sV 


16646 m|smS3 v + 150 m 6S.0S 


4.90 ms 


4.90 m s 


- 3.727 s. 


Nw that we have / we can use tlic xcompocvnt equation to solve fee v : 


40.0 m 40.0 m 

- --17.S m s. 

* /oo*53.0® (3.727 s)cot 53.0° 


Evaluate: Using these value* of \\ and / in the y - y p - v Pt + ^a t i * equation venfie* that y - y p - -150 m 
<b) IDENTIFY: V # = (I7.8 m*s)/2 - 8.9 m* 

This i* lets than the speed required t»> make it to the other sid:. *o he lands in the river. 

Use the vertical motion to tind the tin*: it take* him to reach the water 
SET Up: y - v* --1AO m: v*, - ♦ v p sin53.0 : - 7.11 m's: a , - -9.80 mb 2 
>'~>4 - V,,/ + ±aS gives -IO - 7.11/ - 4.90/* 

EXECUTE: 4.90f : -7.il/-100-0 and / - 7.11 r ^'(7.11 y - 4<4.90K-100) j 

r ^ 0.726 s i 4.57 s so t ^ 5.30 s. 

Tlie horizontal distanre he travel* in this time is 


3.64. 


3.65. 


x — x, = v p J •= (iv.co*53.0 : |f ^ (5.36 m t)(5.30 s) - 2S.4 m 

lie land* in the river a horizontal distance of 28.4 m from hit lauixh paint. 

EVALUATE: lie has half the minimum speed and make* it only about halfway across 
Identify: The rock move* in projectile motiixi. 

SET UP: Let +y be upward. a t - 0. a t = -# . Eqs.(3.22| and (3.23) give v, and v. . 

EXECUTE: Combining equation* 3.25. 3.22 and 3.23 gives 

V* - »*,* cos* a;, ♦ (Vj situ*, - gfY - v*(sin* a t t- cot* a, ) - 2v, sinrz,#/ -f (gi) m . 


v* - v* - 2g<» , l sina t r -2^ i 2 . where Eq.(3.211 hat been used to eliminate / in favor of v. Tor the cate 

of a n>ck throw n from the roof of a building of height A. the speed at the ground is found by substituting y - -k 
into the above expression, yielding v - ^r* + 2 y m ft . which is independent of . 

EVALUATE: This result, as will he seen in the chapter dealing with conservation of energy (Chapter 7), is valid 
for anv v. positive, negative or zero, ax long at r* - 2 yy > 0 . 


IDENTIFY and set Up: Take -tv to he upward. The rocket move* with projectile motion, with v. - -t40.0 nvs 


and v U( - 30.0 m's relative to the ground. The vertical motion of the rocket ix unatTcctcd by its horizontal velocity. 
Execute: (u) v -0 (at maximum height). v #> - ♦dO.O m's. a - -9.80 m*\ y-y\, - ? 
at'l + 2 u (y- y p ) gives y - y $ = 8 1 .6 in 

(b) Doth the cart and the rocket have the tame constant horizontal velocity, so both travel the tame horizontal 
distanre while the rocket i* in the air and the rocket lands in the cart. 

(c) Use the vertical motion of the rocket to find the tinx it is in the air. 
v«, - 40 m's. d, - -9.80 m’s 1 . v t - -40 m's, / - ? 

v = v 0 -td / gives t - 8.164 s 

Then r - x v - v % j - <30.0 m sM8.164 t) - 245 m 
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(d) Relative to the ground the rocket has initial velocity coirpoocnls r t> . - 30.0 m’s and v* 0 , - 40.0 m’s. so it is 

traveling at 53.1* above the horizontal. 

le><«) 


Figure 3.65a 

Relative to the cart, the rocket trav els straight up and then straight down 
<ii> 


a 


Figure 3.65b 

Relative to the ground the rocket trawls in a parabola. 

EVALUATE: Both the cart and rocket have the same constant horizontal velocity. The rocket lands in the cart. 

1 DEMI TV: The ball moves in projectile motion. 

SET UP: Tbc woman and bull travel tor the same time and must travel the nme horizontal distance, so for the 
ball v lt *6.00 nVs. 

Execute: (a) v u - Vjco %0 .. cos0 - — - f " l A and <\ - 72.5" . 

v 4 20.0 m's 

(by Relative to the ground tlic ball moves in a parabola. The ball and th: runner have tbc same horizontal 
component of velocity, so relative to the mnier the ball his only vertical motion. The trajectories as seen by each 
observer are sketched in Figure 3.66. 

EVALUATE: The bill could be thrown with a different speed, so long as the angle at which it was thrown was 
idjustcd to keep iv - 6.00 m's. 



Vkwvd by p:r*<o u 
re* on cn»i»J 


Vkwxd by tb: rvnnr r 


Figure 3i6 

iDEVUPY: The boulder mows in projectile motion. 

SET UP: Take +r downward. v ^ 4 - v 0 , y # -0. a t -0. a % - +9.S0 nVs 1 . 

Execute: (uy Use the vertical motion to find the time for the bouldrr to reach the level of the lake: 


V “ >4 - V,./ + ?a t r with y -y u = *20 m gives .« 


20-JV) (2\20m) 


9M m s 


2.02 s . The rock must uavc*. 


horizontally 100 m during thrs time, x - - v p J + Laj' gives i’ t . -- - ——--49.5 m/s 

(1>1 In going from the edge of the cliff to the plain, the boulder travels downward a distance of y - tv - 45 m . 




2(45 m> 
9.SO in s 


-3.03 s and =v lt i ^(49.5 mMSM s) = 150 m . Tbc rock lands 


150 m -100 m - 50 m beyond the foot of the dun. 

Ev AI.I ate: The boulder passes over the dam 2.02 s after it leaves the cliff and then trawls an additional 1.01 s 
before landing on the plain. If the boulder has an initial speed that is less than 49 m's, then it lands in the lake. 
Iden I1PY: TTic bagels move in projectile motion. Find Henrietta's location when the bageb reach the ground, 
ind require tfo: bagels to haw tlus horizontal ranee. 




.1.2* ( haptcr 3 


.1.69. 


.1.70. 


.1.71. 


SET UP: Let +y be downward and let x, - y, - 0. a t - 0, a t - +g . When the bagel* reach the ground. 

>* = 43.9 m. 

Execute: tut When she catches the bagels. Henrietta ha* been jogging for 9.00 s plus the time foe the bageh to 
fall 43.9 m fn>m rest, Get tb: tun: to fall: y - —gT , 43.9 m - —(9.80 and ( - 2.99 s. So. she lias been 
jogging for 9.00 s + 2.99 s = 12.0 s. During this time she ha* gooc x - vt = (3.05 m sX 12.0 s) - 36.6 m . Hruce 
mu*t throw the bagel* so they travel 36.6 in hori/cmtally in 2.99 s. This give* x = if . 36.6 m - v{2.99 s) and 
v = ! 2.2 m 1 *. 

< l> > 36.6 m from the building. 

EVALUATE: If v > 12.2 m s the bagels land in front of her and if v < 12.2 m's they land behind her. Thrre is a 
range of velocities greater thin 12.2 m's for which she would catch the tugcls in the air. at some bright above the 
sidewalk. 

IDI.VIUY: The shell moves in projectile motion. To find the horizontal distance between the tank* we must fmd 
the horizontal velocity of ooc tank relative to the other. Take +y to be upward. 

(a) SET UP: The vertical motion of the shell i* unaffected by the horizontal motion of the tank. l*se the vertical 
motxm of the shell to find tb: txn>r the shell is in tb: air: 

- v 4 rin a - 43.4 m s. a = -9.S0 m's 2 , y-y # - 0 (returns to initial height), f = ? 

Execute: y - y 0 - v 0/ j *■ r 3 gives / - 8.S6 s 

SET Up: Consider the motion of one tank relative to the other. 

Execute: Relative to tank iVl the shell bis a constant horizontal velocity v.cosa - 246.2 ins. Relative to the 
ground tb: hccizcntal velocity compoocnt is 246.2 ms + 15.0 ms - 261.2 ms. Relative to tank #2 the shell his 
horizontal velocity component 261.2 m's-35.0 m's - 226.2 m's. The distance between the tanks when the shell 
wa* tired i* the ( 226.2 msXH.86 s) - 2000 m tint the shell travels relative to tank 62 during the S.86 s tbit the 
shell is in lb: air. 

<b) The tank* are initially 2000 m apart. In K.S6 s tank *1 travel* 133 m and tank 62 travels 310 nv in the *amc 
direction. Therefexe. their separation increases by 310 m-133 m = 177 m. So. the separation bvcon>^< 2180 m 
(rounding to 3 significant figures). 

Evaluate: The retreating tank has greater speed tbin the approaching tank, so tb^’ move fnrtlvr apart while the 
shell is in the air. We can also calculate the separation in part lb) as the relative speed of tb: tanks times tbc tun: 
tie shell is in the air: (35.0 m s -15.0 nvsXS.86 s> — 177 m. 

Idem itY: The object moves with ctxistant acceleration in both the horizontal and vertical direction*. 

SET Up: Let +y be downward and let +x be the direction in which the tirccrarkcr is thrown. 


Execute: The firecracker’s falling time can be found from the vertical motion: t = (— „ 


The firecracker’* horizontal position at any time / (taking the student’s position as r-0)ii x = vf - Lai' . 
x - 0 when cracker hit* tlu ground, so / - 2vfa . Combining this with the expression for the falline time gives 



EVALUATE: When h I* smiller. the time in the air r* smiller and eitbrT »• mu»a be smaller or a must be larger. 
iDLMlfY: The velocity f of the tank relative to the ground is related to the velocity v of the rocket relative 




to tlte ground and the velocity v, a ot the tjnk relative to the nxkct by r |o - »• 

SET UP: Let +y be upward and take y - Oat the ground. Let +.t be in the direeticei of the horizontal componcm 
of the tank's motxm Once tb: tank is released it has a, - 0, a - -9.S0 m's* . relative to the ground. 


EXECUTE: (u) For the rocket v. - v lf + a,i - (1.75m s* K22.0 s) - 38.5 m s and v - 0. The rocket h» speed 38.5 
m's at the inslant when the fuel tank is released. 

<b)(i) The rocket's path is vertical. so relative to tbc crew member 4 rt>>i - +25.0 m Sand v rfc , - 0 . (li) *y t , is 


vertical and v { K is horizontal, so v,^ - +25.0 m's and v ro .. = +38.5 m's . 


(c) (it The tank initially moves horizontally, at an 
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(<I> Consider th: n>:»l:on of the tank, m the reference frame of the technician on the ground. At the instant the tank 
is released tbc rocket at a height y-)\, - ♦ rd.r 3 ^(1.75 nv* 3 )(22.0 s) ; - 423.5 m . So, for the tank 

>„ - 423.5 m , i 0 = 3S.5 ms and »r, - -9.80 m's*. v, - Oat the maximum height, v? - >£ -f 2<j % (y gives 




v]-v* 0-<38.5 m’sI 


2u 


--75.6 m . v - 423.5 m f i>.6 m - 499 m . I he tank reaches a height of 4W 

2(9.80 mV) 


above the launch pad. 

Evaluate: Relative to the crew member in the rocket the jettisooed tank has an acceleration of 

1.75 m's 3 ♦ 9.80 m— 11.5 m/s 3 , downward. Relative to the rocket the tank follows a parabolic path, but w ith 

zero initial vertical velocity and with a downward accelcratxm that has magnitude greater than g. 

Identify: The velocity r kli of the rocket relative to the ground is related to the velocity r 4li of the secondary 
rocket relative to the ground and the velocity i\ fc of the secondary rocket relative to the nxkct by 

n«; •*\** f »w 

SET UP: Let +y be upward and let y - Oat the ground. Let + x be in th: direction of tbc horizontal component 
of the secondary' nxkct's motion After it is launched the secondin’ rocket has a, - (land a . - -9.80 mV . relative 
to the ground. 

EXECUTE: (u)(i) v v * 4 ^(12.0m's)CTM53.0° = 7.22 aiband (12.0 inx)xin53.0°^9.58 nvs . 

(»> >W« * 0 and w, * 8 50 m * * l Vt* + * 722 m * a,ld l W, “ + v m.. = 

958 nvs -f 8.50 ms «1S.1 nvs . 

!•»> l »„ - ^ ' w. I''>' * 195 m ' • **,-6S3 D . 

(c> Relative to the ground the secondary rocket has y\ - 145 m . ^ IS. 1 m s . a f - -9.80 m s* and \\ - 0 fat 

the maximum 

v - 145 nit 16.7 m - 162 m . 


^0. . '2it.(.v- v,)give* 


Y — V 


EVALUATE: The secondary nxkct reaches its maximum height in tinx t - 


-18.1 ms 
-9.80 m S 


-1.85 s after it 


is launched At this time the primary rocket has bright 145 m + (8.50 nVsRl.SS s) - 161 in . so is at nearly the same 
height as the secondary rocket. The secroidary rocket first moves upward from the primy rocket but then loses 
vertical velocity due to the acceleration of gravity. 

IDENTIFY : The onginal firecracker moves as a projcctik:. At its maximum bright ifs velocity is horizontal. Thr 
velocity v KU of fragment A relative to the ground is related to the velocity r* ^ of the onginal firecracker relative to 
the ground and thr velocity v s% of the fragment relative to thr original firecracker by v A<t ™ i\ f 4- v Ui . Fragment 
B c4>cys a similar cqmtion. 

SET L’P: Let + x be along the direction of thr horizontal motion of the tirccrarker before it cxplixlcs and let -f v 
be upward Fragment .1 moves at 53.0° above the 4-j direction and fragment B moves at 53.0 & below the r.v 
direction. Before it explodes the firecracker has - Oand - -9.80 nvs* 

EXECUTE: The liorizontal conifxmcnt of the firecrackers velocity relative to the ground is constant l since 
a, = 0). so v lKtA - (25.0 m s |cos30.0 : - 21.65 m s . At the time of the explosion. - 0 . For fragment A % 

vVw ^ (20.0 m»'s( cos 53.0' = 12.0 m sand v* . t ^(20.0 m s)sm53.0° - 160 ms. 


Mu 


-t = 12.0 m s -f 21.65 nvs - 33.7 m’s. - v At ., -f v^ -16.0 nvs 


tana, ;—-— -and a„ - 25.4° . The calculation foe fragnxnt B is the same, except i. t - —16.0 m s . 


\irt 


33.7 ms 


The fiagnxnts move at 25.4° above and 25.4° hrlow tbc horizontal. 

Evaluate: As the initial velocity of the firecracker increases the angle with the horizontal for the fragments, as 
measured from the ground, decreases. 

IDENTIFY: The grenade moves in projectile motion. 110 kmh - 30.6 m s . The liorizontal range R of the grenade 
must he 15.8 in plus the distance ci thit the enemv's car travels while the grenad: is in the air. 


3.74. 
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SET UP: For the grenade take -tv upward, so a, - 0. a t - -g . Let v u be the magnitude of the velocity of the 
grenad: relative to the hero. v 4t - v u co*45°i, sin45°. 90 kmh - 25 m's ; The enemy's car is traveling 
away from tlx hero's car with a relative velocity of \\ A - 30.6 nv's - 25 nv's - 5.6 m s . 

Execute: ril r-*.0 Hi-feii. 


* , ^-Mco.45*)/ .l‘:' t,n45;cw45 M. * = J + IS.8 m gi»« .ha. i-£lk,. + 15.8 m . 

X X X X 

- (15.S m)g - 0 . - 7.92v 4 -154.8 - 0 . The quadrate formula gives v 4 - 17.0 nv's - 61.2 km h . The 

grenad: has velocity of magnitude 61.2 km h relative to the hero. Relative to the hero the velocity of the grenade 
has components \' Vt - v t cos 45* - 43.3 km/h and v 9 - » p sin45* — 43.3 kmh . Relative to the earth tlie velocity of 
the grenade has components v 4j - 43.3 kmh + 90 km h - 133.3 km h and v l# - 43.3 km h . Tlx magnitude of tlx 
velocity relative to the earth is v u - + i£ - 140 km h . 

EVALUATE: The time the grenade is in the air is / ' Ml ‘ 1 _2.45 s . During this tinx 

^ g 9.H0ms- 6 

the grenade travels a hon/ontal distance x - a*, - (133.3 kmh)(245 sX I h/3600 s) - 90.7 m. relative to the earth. 

and the enemy's car travels a horizontal distance x-x^ -(110 km hX2.45 s)(l h/3600 s>- 74.9 m . relative to the 

earth. Tlx grenad: has traveled 15.8 m farther. 

iDIA im and SET UP: Use Lqs. (3.41 and <3.121 to get the velocity and acceleration components from the 
position components. 

Execute: x = /?cosa*. >•- Umax 

(a) r - <jx : + y 3 - >Jr : cos* a* + R : sin* av - ^J?-<sin ; at + cos* at) - - £. 

since sin' oX + cos' a* - I. 

(b) v 4 —-— -/?<vsin<uf. »-foucosAir 

dt dt 

t*• / - ii + v y-(-/?A«inM tfcos^xi + (/2AJCosA*)(/?smAtf) 
v r -/?‘fi4“sinnrcasnir r sinmfcosiuf) - 0 . so » is perpendicular to r 

(c) tf.-- - -Ra>~ cos a# - -m\x 

dt 

u - - -Red sin ttM - —a»* y 

' dt 

a - + aj - yjta'x "♦ ai V - aT jx 1 -t y l - Rea 3 , 

a - at ta.j--ta‘(ri » yj) - -o ! r. 

Since n>' is positive this nxans that the direction of a is opposite to the direction of r 
(d> = J^VxinW + J?Wcos-A* - JR : to*(un : ax+co%'<*). v= JjlW - Rea. 

(e) 1 1 - Rfd. ea - vfR, so a - Riv* fR*) = v 3 iR. 

Evaluate: The rock moves in uniform circular motion. Tlx position vector is radial, the velocity is tangential, 
and tlx acceleration is radially inward. 

iDEMitY: All velocities arc constant, so tlx distarxe traveled is d - v u r . where i u , is the magnitude of the 
velocity of the boat relative to the earth. The relative velocities »’ rt , , (boat relative to the water) 
and t (water relative to the earth) arc related by »‘ AV • »’ A . A ♦ »* A 4 . 

SET Up: Let +x be cast and let +»• be north. v % % t - +30.0 m min and v v v # - 0. v fcW - 100.0 m min . The 

direction of »* uv is the dirccticvi in which the bnat is pointed or aimed 

Execute: (u) V |W , - +100.0 mmin and - 0. v fct - -30.0 m mm and 

V-V Q 400.0 m 


v wt , - i fc%% + vy, % . f - 100.0 m mm . Tlx time to cross the mvct is t - 


100.0 m min 


- 4.1X1 min. 
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.y - x;, - (30.0 in min H 4.0) min) - 120.0 m. You will land 120.0 m east of point D, which is 45.0 m cwt of 
poant C. The distance you will have traveled it J(400.0 m)* % + (120.0 ml J - 418 m . 

(b) »* uv n directed at angle $ east of north, where tan# —-—— are! 10 . 6 * . 

v^* (100.0 m/min)sinl0.6° - IS.4 m min and v hW ., -(100.0 mminlcos 10.6°- 98.3 mmin 
v k*. “ y uu . * i. - 18.4 m mm + 30.0 m min - 4S.4 m min . v M , - r u ^ , + i* -983 m nun . 

r ~ -i——- * 1 ' 11 1,1 -4.07 min . x-x - (48.4 in min|<4.07 nun) - 197 m You will land 197 in downstream 

v u% r 98.3 m mm 

from #. so 122 m downstream from C. 

(c) <i( If you rcarh paint C\ then r kl is directed at 10.6° easi of north, which is 79.4' north of cast. We don't know* 
die magnitude of and the direction of r MV In part (a) we found that if we aim the boat due north we will land 
east of C. so to land at C we must aim the boat west of north. Let r kw be at an angle 0 of north of west. The 


relative velocity addition diagram k sketched in rieurc 3.76. The law of sines savs 


l V» 


; 0‘D m *lL jsin79.4 1 and 0^ 17.15° . Then <*-180°-79.4°-17.15°-S3.5'. The boat will head 


\ 100.0 mmin 
83.5° north of west, so 6 .S’ west of north 

v Wl =»u%. ♦ ‘Vi. --<100.0 m nun)cos83.5°r 30.0 nv mm - 18.7 m min . 

v„ s , - ■* v* ,, - -(100.0 mmin)sin83.5* - 99.4 mmin . Note that these two continents do giv*c the 

direction of v ut to be 79.4^ nceth of easl. as required, (ii) The time to cross the nver rs 

t S * "- 1 * - ■ m _ 4.02 min . (lii) You travel from A to C. a distance of M 400.0 m)‘ -f (75.0 m l* - 407 m 
i B i^ 99 4 m min 

(iv) v h| - ^ y u% . t y + (v fc4 ,) - 101 m min . Note that v fc4 f - 406 m . the distance traveled (apart from a smill 
di (Terence due to roundmg). 

Evaluate: You cross the river in the shortest lane when you bead toward point B, as in part (a), even though 
you travel farther than in part (c). 



IDENTIFY: v, - dx>di . v. - dyidt . a k - dv t di and a, - dr, 'di . 

S»:r UP: and - -«*□«*) . 

di di 

EXECUTE: U> The path is sketched in Figure 3.77. 

(b) To find the velocity components, take the derivative of .v and v w ilh respect to time: v 4 - /?w<l - cos cji), and 
v - Af^wnfr//. To fuxl the acceleration components, take the derivative of v and v with respect to time: 


(c) Tlie particle is at rest <»• - r, - 0) every period, namely at / - 0. 2 situ. AxUxt . At that time. 

.y - 0. 2.t R. 4z/?...; and y - 0. The accelcratKin is a - Rco' in the direction. 
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3-HO. 


(d) No. since a - | R(a sin <uf ) 3 -f j/?A> : cosAif) - 




R(o m . The magnitude of the acceleration rs the sam: as for 


uniform circular motion. 

EVALUATE: The velocity is tangent to the path. r ( is always positive; V f changes sign during the motion. 

v 



Iden 11E A : At the highest point in the trajectory the velocity of the projectile relative to the earth is horizontal. 

The velocity 1 M of the projectile relative to the earth, the velocity if f of a fragment relative to the projectile, and 
the velocity , of a fragment relative to the earth arc relates! by P, x ~ »*, t . ♦ »* M . 

SET UP: Let +x be along the horizontal component of the projectile motion. Let the speed of each fragment 
relative to the projectile be v. Call the fragments 1 and 2. where fr a gm e nt 1 travels in the +x direction and 
fragnxnt 2 rs in the -.r-direct ion . and let the speeds just after the explosion of tbc two fragments relative to the 
earth be v, and i\ . Let i ( , fcc th: speed of tbc projectile just before the explosion. 

Execute: r r i. - »Ys*« + gives », - V 9 + i and -v\ - iy-v . Both fragments start from the same bright with 
zero vertical competent of velocity relative to the earth, so they both fall for the sam: time t. and this is also tlx 
same tinx as it took fee tbc projectile to travel a horizontal distance /). so vj - D . Smee fragment 2 lands at A it 
travels a horizontal distance D as it falls and yj - D . -v'j — +ty — v gives v - vy ♦ »\ and W - >yf •* vj - 20 . Then 
vf - vt -fr vf - 3 O . TTiis fragment lands a horizontal distance 3/3 from tlic point of explosion and lienee 4 D from A. 
EVALUATE: Fragment 1. that is ejected in the direction of the motion of the projectile travels with greater speed 
relative to the earth than the fragment that travels in the opposite direction 


v* 4 x : R 

iDEvinv: --— 

R 7** 


All points an the centrifuce have the simc period T. 


SEE UP: Tbc period T in seconds is related to n, the number of revolutions per minute, bv r- 


&0 s mm 


Execute: (a) — - iiL. which it contain. - -— Lei A, - if. to o, - S.00* and lei R, = R/2 . 

R r R R 


■Lu —-a,I ■ 

"i 


ib> r- 


6Q .s min 




4.T R 


L-lVCt II . 


- 4s 1 Rn' 160 Wmin>‘. 


4,t : R 




l cl “..u - 5M R • 40 n < - « jnd * 5? 




(60 i/min)' 

- S(0.378(g. TlKn 


which is constant. 






5<0..i iH|i; 


DAISn. 


. , 3.00s 

EVALUATE: The radial acccl^ation is less for points closer to the rotation axis. Since g Vii . < g . a xtmllcr 
rotation rate is required to produce than to produce Sg. 

lut.Min: Use the relation that relates the relative velocities. 

SEE L’P: Tbc relative velocities are the raindrop relative to the caith. »* . tbc raindrop relative to tbc train, v *. 


jtk! the train relative to tbc card:. 1 


i \ 




is due east and has magnitude 12.0 m's. v is 


30.0“ west of vertical. »' 14 is vertical. The relative velocity addition diagram is given in Figure 3.HO. 

Execute: (u) v icl is vertical and has zero horizontal component. The hon/ontal component of . is -»*, . so 
is 12.0 m s westward. 


M v., - 


11 


12.0 ms 


tin 30.0 tati30.0' 


- 20.H m's . tv. - 


11 


12.0 ms 


24.0 in s. 


sin 30.0 sui_M). 0 r 
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EVAlilATE: The speed of the raindrop relative to the train is greater than its speed relative to the earth, because 
of the motion of the train. 



Figure 330 

IDI.VIIH : Relative velocity problem. 'Hie plane’s motion relative to th: earth is determined by its velocity 
relative to the earth. 

SKI L t P: Select a coordinate system where +y is north and is east. 

The velocity vector* in the problem are: 

v tim , the velocity of th: plane relative to the earth. 

»y A , the velocity of the plane relative to the air (the magnitude v p#% is the air speed of the plan: and th: direction 

of v, A rs the corrpass course set by the pilot ) 

v AI , the veloritv of th: air relative to the earth (the w ind velocity). 

The rule for combining relative velocities give* w tu - »y A ♦ 

(a) We are given the following information ahout th: relative velocities: 

r PA has magnitude 220 knvh and its direction is west. In our coordinates is lias comfxmcnts (vy A ) ( - -220 knvh 
and (v r J x aO. 


From the displacement of the plane relative to the earth after 0.500 h. we find that i ; , t lias components in our 
coordinate system of 

240knlh (we%,) 


,Vw) '““55KT -_ ' i0kmh 

With this information the diagram corresponding to the velocity addition equation is shown m Figure 3.Sla. 



We are asked to find »\ 4 , so solve for thrs vector 

*Vs " 4 *\i S' v « «\i " >Vs “ W 

EXXCVTE: The x-component of this equation give* 

(vV.il, *-240 kmfa -(-220 knvh )*-20 kmh. 

The rcompooent of thrs equation gives 
<»«>, =«*>.», “ -40 km'h. 
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Nov that u'c have the components of v Kl we cm find its magnitude and direction. 

»■*, = ,/(-20 km hr - (-10 IrnTil' =44.7 kmh 

tan q - J ° km h = 2 00; *-63.4' 

20 knvli 

The direction of the wind velocity is 63.4° S of W, or 
26.6° W of S. 

EVALUATE: Hie plane heads west. It goes farther west than it would without wind and also travels south, so the 
wind velocity has components west arxl south. 

<b)Sf:r UP: The rule for combamng tl>: relative velocities is still I, t ■■ »*,. A + f V |, but some of thc%e velocities 
have different values than in part (a). 

has magnitude 220 knvh but its direction is to be found. 
f sV has magnitude 40 kmh anJ its direction is due south. 

The direction of t^ f is west: its magnitud: is not given. 

The vector diagram for v tl - i‘, A 4 anJ the specified directions for the vectors is shown in figure 3.81c. 

V tfv. 


i;:: 

Figure 3.* I c 




The vectcc addition diagram forms a right triangle. 

Execute: sind-Iii-■ — 1lh -0.1818; d-io.5* 

220 kmh 

The pilot should set her course 10.5° north of west. 

EVALUATE: The velocity of the plane relativ e to the air must have a northward component to counteract the wind 
and a westward component in order to travel west. 

I NOTIFY: Both the bolt and the elevator move vertically with constant acceleration. 

SET Up: Let be upward and let y - 0 at the initial position of the floor of the elevator, so y„ for the bolt is 
3.(XI m. 

Execute: (u) The position of the bolt is 3.1X1 m *<2.50 rn’sy-(K2)(M0 nvs 3 V‘ arid the position of the floor 
is (2.50 m s)f. Equating the two, 3.00 in - (4.90 ntfs 2 )* 1 . Therefore. / - 0.7S2 s. 

(hi The velocity of the bolt is 2.50 ms -(9.80 m*s* X0.7S2 s) = -5.17 ms relative to Earth, therefore, relative to 
an observer in the elev ator v — —5.17 m s - 2.50 m s - -7.67 m s. 


(c) As calculated in part (h. tlie speed relative to Earth is 5.17 m s. 

<«!> Relative to Earth, the distance the bolt traveled is 

(2.50 mf%)t -(1/2X9.80 msV = (2.S0 mfc)(0.782 s)-<4.90 ms*|(0.7R2 %)* s-1.01 m . 

EVALUATE: As viewed by an observer xn the elevator, the bolt has v - 0 and a - -9.S0 mV . so in 0.7S2 s it 
falls -^<9.80 m s* *0.782 %Y - -3.00 m. 

IDI.N IlfY: In an earth frame the elevator accelerates upward at 4.00 mV and the bolt accelerates downward at 
MO m s*'. Relative to the elevator the bolt has a downw ard acceleration of 4.1X1 m's 3 +9.80 mV - 13.80 m’s J . In 
either fram:. that of the earth or that of the elevator. the bolt has constant acceleration and th: constant acceleration 
equations can be used. 

SET Up: Let + v be upward. The bolt travels 3.00 in downward relative to the elevator. 

Execute: (u) In the frame of the elevator. v; (> - 0, y - y v - —3.CX m, a p - -13.S ms*'. 


-v,-v„r + r^‘giv« . 


{y-yi 


-0.659s 

Y -13.8 m s* 
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<H) v, - v u -f a t l . v Qf - 0and f - 0.659 s . <il a, - -13.8 m s* and v w - -9.09 m s . The bolt has speed 9.09 m s 
when it roaches tbc float of the elevator, (ii) a, - -9.80 m s' arxl r = -6.46 m s . In this franx tlx holt has speed 


6.46 id's when it reaches the flocr of the elevator. 

(c> y - v, sty + ttf/. v 4t -Oand r-0.659 s.(i> a, --I3.S ms’and 

y - y 4 - *(-13.8 m s* M0.659 s)‘ - -3.00 m . The bolt falls 3.00 m. which is correctly the distance between the 
floor and roof of the elevator, (ii) a - -9.80 m s* and y - y v -4(-9.80 m<s~)(0.6S9 s) 5 - -2.13 m . The bolt falls 


2.13 m. 

Evaluate: In the earth's frame the bolt falls 2.13 m and the elevator rises 

*(4.1X1 id's 3 X0.659 s) : - 0.87 in during the time that the bolt travels from the ceiling to the floor of the elevator. 
IDEA IWY: The velocity r M of the plarx relative lo the earth is related to the velocity iy A of the plane relitive to 
the air aiul the velocity »\ v of the air relative to the earth (the wind velority) by v fX — »y A 4- y Al . 


SET L t P: Let +x be to the east With no w ind iy. - v rl 


5550 km 
6.60 h 


- 840.9 knvh. v 


M< 


•225 km h . Hie 


distarxc between A and B is 2775 km. 

EXECUTE: i* M .. - »v Vi ♦ • l or |1>C ln P A lo ‘Kv. = *840.9 kmh and 


v M =840.9 kmh r 225 knvh - 1065.9 kmh and the travel time is r 


2775 km 
1065 9 kmh 


- 2.60 h . For the trip B to 


A. v, - -840.9 kmh and iy^ - -840.9 kmh + 225 kmh - -615.9 km h and the travel time rs 
-2775 km 


r a«- 


4.51 h . The total time for the round trip will be t - i a -f /*. - 7.11 h 


-615.9 km h 

Evaluate: The n>und tnp takes longeT wlicn the wind blow*. even though the plane travels with the wind fix 

, ^ ... tl . 1065.9 kmh r 615.9 kmh 

one leg ot the trip. The arithmetic average ot the speeds tor each leg is --- - 840.9 km h . 

the same speed w hen there is no wind. Hut the plane spends more time traveling at the slower speed relative to the 
ground and tlx average speed is less than the arithmetic average of the speeds for each half of the trip. 

I DEN nn: Relative velocity problem. 

SET L'P: The three relative velocities are: 

t. Kt% Juan relative to th: ground. This velocity is due north and has magnitude i' kl - 8.00 ms. 

. the ball relativ e to the ground. This vector is 37.0° east of north and has magnitude v h . - 12.00 m s. 


the ball relative to Juan. We arc asked to find the magnitude and direction of this vector. 

The relative velocity addition equation is t^ ti • r ul 4 v. Kt% so r ft) • r Uil — r JC . 

Tie relative velocity addition diagram dacs nor form a right triangle so we must do the vector addition using 
components. 

Take +y to be north and 4 a* to be cast. 


EXECUTE: V u - sin 37.0° = 7.222 m's 
Y kh - cos370°- V lt . a 1.584 ms 

Tliesc two compocxnts give v fcJ - 7.39 m ’s at 12.4° north of east. 

Evaluate: Since Juan is running due north, the ball's eastward component of velocity relative to him is the 
same as its eastward corrponcnt relative to th: earth. Th: nonhward component of velocity for Juan and the ball 
are in the same direction, so tbc component fee the ball relative to Juan is the difference in their components of 
velocity relative to the ground. 

iDIAIItA: la) The ball moves in projectile motion. When it is moving horizontally, v f - 0. 

SET UP: Let +x be to tbc right and let +y be upward. ir 4 - 0, a % - -g . 

Execute: (u> v, - - y'’|9.K0 mV *4 90 m| - 9.80 m*. 

<b> 1.00*. 

(c) Tlic honzontal component of the velocity of tbc boll relative to the man is 

,/lIO.S mil' -(9.80 m's - 4.54 nrt . lb: horizontal component of th: velocity relative to the hoop is 
4.54 m's -t 910 m's - 13.6 m's . and the nun must be 13.6 m in front of the hoop at release. 
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*89. 


(cl> Relative to the flat car. the ball is projected at an oniric 0 - tan 1 


9.80 m s 
4.54 ms 


- 65*. Relative to the ground the 


mirk is 0 - tan 1 


9.80 m s 


-35.7 


4.54 ms + 9.10 mS 

EVALUATE: In both frames of reference tlie ball moves in a parabolic path with <i t - Oand <i x - -g . The only 
difference between the (Ascription of the motion in the two fran»rs is the horizontal ccntpoornt of the bull's 
velocity. 

IDSCTIIY: The pellets move in projectile motion. The vertical motion determines their time in the air. 

SET UP: i. - v. cos 1.0°. t - x. sin 1.0°. 


2 »;« 


B 


Execute: (■)(-!— -v Jt rgives ^-a 0 -(v p cosl. 

(hi The probability is 1X0 times the ratio of the area of the lop of the pcrsceTs head to the 


of the circle in 


which the pellets land. (10X) 


7(10x10“* ml* 


1.6* 1C 


.r (80 mi¬ 
le 1 The slower me will tend to reduce the time in the air and lienee reduce the radius. The slower horizontal 
velocity will abo reduce the radius. The lower speed would tend to increase the tinx of descent, hence increasing 
the radius. As the bullets fall, the friction cfYcd ts smaller than when they were rising, and the overall effect is to 
decrease the radius. 

Evaluate: The small angle of deviation from the vertical still causes the pellets to spread over a large area 
because thrir time in the air is large. 

IDLN I1TY: Write an expression foe the square of the distance (D ‘) from the origin to the particle, expressed as a 

function of tinv. Then take the derivative of D' with respect to f. and solve for the value of f when this derivative 
is zero. If the discriminant is zero or negative, the distance D will never decrease. 

SET UP: D* -x* + y 1 , with .vfriand vfrigiven by Eqs(3.20l and (3.21). 

Execute: Following this process, un 1 - 70.5°. 

EVALUATE: We know that if the object is thrown straight up it mov es aw ay from P and thm returns, so we are 
not surprised that the projectile angle must be less than son*: maximum value for the distance to alwa>s increase 
with time. 

iDLVIltY: Tlie baseball moves in projortilc motion. 

SET Up: Use coordinates where the x*axis is horizontal and the y -axis is vertical. 

EXECUTE: (a> Tlie trajectory of the projectile is given by Eq. (3.27), with a % - 0 + if. and the equation describing 
tlie inclirx is y - vtan 0. Setting these equal and factceing out tlie .y - 0 root (where the projectile is on the 
incliix) gives a value for .v • the range nxasured alone the inclir*: is 


y/cos# - 


- 






(b) Of the many ways to approach this problem, a convenient way is to use the same sort of substitution, involving 
dixihA angles, as was used to derive the expression for the range along a horizontal incline. Specifically, w’rite the 
above in terms of a - 0 + as 


R - 


H 


i» 


inn aiiQ 


- cos' 


asm 


Sccs'tfj 

Tlie dependence on <i and lienee f is in tlie second term. Using the identities 
sin a cos a - (I.'2)sin2a and ci» } ff5(l/2)(ltcofi2aX this term becomes 

ll / 2 llcos 0 sin la - sin (/cos la - sin 0 1 - (I / 2 H siiu 2 a - 0 ) - sin 0 ]. 


This will be a maximum when sinl 2a-0) is a maximum, at 2a-0-2v + 0- 90°. ce <f* 45 : - Of 2 . 
Evaluate: Note that the result reduces to the expected forms when t) - 0 (a flat incline, - 45° and when 
0 - -91X 5 (a vertical clitT). when a horizontal launch gives the greatest distance). 

3.90. IDKM1FV: The arrow moves in projectile motion. 

SET UP: Use coordinates thit for which the axes are horizontal and verteal. Let 0bc the angle of the slope and 
let 6 6c the angle of projection relative to the sloping ground. 
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EXECUTE: The horizontal distance x in terms of th: angles is 




Denote the dimensionless quantity fix •' 2v* by fi ; in this ease 

<9.R0m V H60.0 m)cos30.0* _ Q ^ 

2132.0 in s)“ 

The above relation can then he written, cxi muhiplvinu both xid^s bv the product co&OcaUO + dk 


sin 0c<Ht& + *> - *in<0 + 4 )cos0 - 


ficoctO 


and so sin< 0 r f )costf-co*<// 1 6 )%m 0 -:- the term on the left is sin((0+4)-0)~an4. so the result 

cos (0 + 0 ) 

of this combination is sm^cos*# + - // cos 0 . 

Although this can be dntie numerically (by iteration, trail-and-error. or other methods!, the expansion 
sin u cosh -4<sin|ir xin<u - b )> allows the angle ^ to b: isolated; specifically, then 

-1-t sini 2 ^ + 0 ) + sin! - 01 ) - fico%B y with the net result that sinl 2 # + O) - 2 f?co *0 -t sin 0 . 

i 

(a) For 0 - 30*. and fl as found above, ^ - 19.3° and the angle above the horizontal is 0 + 0 - 49.3*. For lev el 
ground, using p = 0.2871. gives ^-17.5*. 

|b> For 0 - -30°. the same // as with 0- 30 : may be used <cos30 : - coss^tf*)), giving 0 - 13.0 : and 
& + 0 ~-\ 7.0°. 

Evaluate: Foe 0 - 0 the result becomes sir* 2^1 - 2 fl - gxt v£ . This is equivalent to the expression 
r'sin ( 2 a ) 

R — -— derived in Exairyile 3.8. 

8 

Idi.n I1 FY: Find Ar jnd use this to calculate the magnitude and direction of the average acceleration. 

SET UP: In a time A/, the velocity vector has moved through an angle (in radians! A^ - 1^- (see Figure 3.2S in 

R 

the textbookX lly considering tbc isosceles triangle formed by the two velocity vectors, the magnitude |Av| is seen 
to he 2 vrin<d l , 2 ). 


Execute: b 


i lid 


V A/ ' 2R 


sml 1.0 slAti 


Using tbc given values gives magnitudes of 9.59 in x*. 9.98 mV ami 10.0 ms*. The changes in direction of the 


velocity vectors arc given by A 0 —■— ami are. respectively. 1.0 rad. 0.2 rad. and 0.1 rad. Tlxreforc. the angle of 

R 

the average acceleration vector with the original velocity vector is ——-1-x /2 + 1/2 rad{or 118 . 6 ^), 

.r/2 + 0.1 rad(or 95.T 3 ), and ,t/ 2 * 0.05 radlor 92.9’). 

Evaluate: The instantaneous acceleration magnitude. »• ‘ / R - (5.00 m s!*' .'(2.50 in ; - 10 0 m s* is indeed 
appeoarhed in the limit at A/ -*0. Also, the dircctxm of a, approaches the radially inward dircclKHi as tu -*0. 
lut.Min: Tbc rocket has two periods of constant acceleration motion. 

SET Up: Let +V be upward. During tbc free-fall phase, a. - 0 and a - -v . After the cnuincs tum on. 


a t - (3.00g)cos30.0* and a, - (3.00# !sin 30.0®. Let / be the total time siixe the rocket was dropped and let 7*bc 
tlie time the rocket falls before the cngiix starts. 

Execute: (i) The diagram is given in Figure 3.92a. 

(ii) The .v-position of tlie plane is (236 m'sy ami the v-position of the rocket is 

(236 mx)f +{1/2X3.00 X9.80 in s* )cos30°(/ - T)\ The graphs of these two equations are sketched in Figure 
3.92b. 
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(iii) If wc lake y - 0 to be the altitud: of the airliner, then 

yit) - -1/2 gT*-gT{t - T)4 1/2(3.(0X9.80 m>s* Xsin30 : Kr - T )* for the rocket. The airliner hasconstant v. Tb: 
graphs an: sketched in Figure 3.92b. 

In each of the Figures 3.92a-c. tlic rocket is dropped at f - 0 and the time T when the mote* is turned on is 
indicated. 

By setting y - 0 for the rocket, we can solve for t in terms of 7*: 

0 = -(4.90 mb 1 )7° - (9.80 m % i )T(t -7*) + (7.35 mfc*Hr - Ty . Using the quadratic formula foe the 


_ - , _ (9.80 nvs ; >r + J|9.80 mVrV + (4K7.35 mx* % X4.9)r : 

variable x - f - T w*c find x - f — T --- or r - 2.72 T. Now. 

2<7.35 mV) 

uung the condition that - 1000 ra. we find <236 m's)r + (12.7 m** 1 )(/ - T) J - (236 m s)/ - IOOO m. or 

(1.727*)* = 78.6 s J . Therefore 7* = 5.15 s. 

Evaluate: During the free-fall phase the rocket and airliner have the sam: v coordimte but the rocket moves 
downward from the airliner. After the engines lire, the rocket starts to move upward and its horaontal component 
of velocity starts to exceed that of tb: airliner. 


\ i 


«vk- 




M 

Figure 3.92 



3.93. I DEN HEY: Apply the relative velocity relation. 

SET UP: Let v, ^ he the speed of the came relative to water and v v G be the speed of the w ater relative to tb: 
ground. 

Execute: (a) Taking all units to be in km and h. we have three equatiems. We know that heading upstream 
v < * ” “ 2 - We know that lieading downstream for a time /. <t V - 5. We also know that for the 

bottle »Vo(f ♦ 1) = 3. Solving these three equations for v v 6 ax,t tt = 2 + x. therefore (2 + .r + x)f - 5 ce 


(2 + 2x)f - 5. Also / - 3/x-1. so (2 + 2x)| — - 11 — 5 or 2a* + x -6 - 0. Tb: positive solution is 

x 


<1»1 Vcm - 2 kmh + v*,, = 3.5 kmh. 

Evaluate: When they liead upstream, their speed relative to the ground is 3.5 km h -1.5 km h - 2.0 km h . 
When they head downstream, their speed relative to the ground is 3 .5 km h + 1.5 km h - 5.0 km h . The bottle is 
moving downstream at 1.5 km's relative to the earth, so they arc able to overtake it. 
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IDENTIFY: Consider the verier .sum in each ewe. 

Si:r UP: Call the two force* f t and f.. Let F t be to the right. In each ewe select the direction of F. such that 
F - F t ♦ F hw the drsired magnitude. 

EXECUTE: (a) Tor the magnitude of the sum to be tlx sum of the magnitude*, the fceces must be parallel, and the 
angle between them is zero. Tlx two vertex* and their sum are sketched in Figure 4. la. 

(b) The forces form tlx sides of a right isosceles triangle, and the angle between them is 90° . The two vectors and 
their sum are sketched in Figure 4.1b. 

(c) For the sum to have zero magnitude, the forces must be anhparallel. and the angle between them is 1KCP . The 
two vector* arc skeiehed in Figure 4.1c. 

Ev aluate: The maximum migiutude of tbc sum of the two vectors is 2 F % as m part (a). 





(o) lb) (O 

l ijorc 4.1 

IDFAIIFY: Add the three force* by adding their component*. 

SET UP: In the new coordinates, the 120-N force arts at an angle of 53* from the -x -axis, or 233° from 
the -tx a.\is, and the 50-N force act* at an angle of 323° from the +x -axis. 

Execute: (a) The components of the net force are 

R. =(120 N)cc«233 o *(50 N)c«w32J*= -32 N 
R, = (250 N)-f (120 N>sin233°+(50 N)sin323 c -124 N. 


(b) R-yjR' + R 1 . - 12S N. arcian —— j - 104° . The results avc tlx same inagmtude as in Eixarcplc 4.1. and the 


angle has been changed by the amount (37°) that the coordinate* have been rotated 

EVALUATE: We can use any set of coordinate axes that we wish to anJ can there fore select axe* for which the 
analysis of tbc problem is the simplest. 

Iden I1 FY: Use right-triangle trigonometry to fmd the components of the force. 

SET Up: Let +x be to tbc right and let +y be downward. 

Execute: The horizontal component of the force is (10 N)co*45° - 7.1 N to tbc right and tbc vertical 
component is < 10 N )xin 45' = 7.1 N down. 

EVALUATE: In our coordinates each component is positive; the signs of the components indicate the directions of 
tlx component vectors. 

Identify : F, = FcmO, F t - Fs'rnO . 

SET Up: Let +x be parallel to the ramp and directed up the ramp. Let + v be perpendicular to the ramp and 
directed away from iL Then 0 - 30.0' . 


4.1 
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4.5. 


4.6. 


4.8. 


«. , * „ 60.ON 

Execute: <u> / -- - 

cc *0 cos 30° 

(b> /* - F%inO -F tanO* 34.6 N. 


- 69.3 N. 


EVALUATE: We can verify that F, 1 + - /’*. Tlx signs of F t and show their direction. 

Identify: Vector addition. 

SET UP: Use a coordinate system where the +x*axis is in the direction of F A% the fcece applied by dog A. The 
forces are sketched in Figure 4.5. 

Execute: 



F <4 =+270N, F a =0 

F* = F v cos60.0° ^ (300 N>eos60.0° = +150 N 
/% = b\ «n60.0* = 1300 N)sin60.0° - -260 N 


R t ^ F -f F kg = *270 N + 150 N = +420 N 
R f =F a + F % - 0 -t 260 N = r260 N 

/? = % /(420 N'r r <260 Nr - 494 N 
R 

tantf -—0.619 

* 

0«3IJ» 

Figure 4.5b 

EVALUATE: The forces must be ad&d as vectors. The magnitude of the resultant force is less than the sum of the 
magnitudes of the two forces ami depends on the angle between the two forces. 

Idfaiify: Add the two forces using components. 

SET L’P: F t - FeosfJ . F - FsxnO . where 0is the angle F nukes with the +x axis. 

Execute: (u) F u + F it 3(9.00N)cosl20®*f(6.00N)coa(233.1°) = -8.10N 
F ir + F i% =(9.00 N) sin 120° + (6.00 N)sin(233.1 e ) = -f3.00 N. 

<b) ff - v 'ff• - ff; - ^i’(S.I0 N>‘ *•(3.00 NT 3R.64 N. 

EVALUATE: Since F, <0and /' >0. F is in the second quadrant. 

Idivwy: Apply YF - uid 

S»:r L’P: Let +i be in the direction of Ihe force. 

Execute: a. = F\!m - <132 Ni (60 kg) = 2.2 ml . 

EVALUATE: The acceleratiixi is in the direction of the force. 

Identify: Apply V F-ma. 

SET Up: Let +x be in th: direction of the acceleration 
EXECUTE: F, = ma, = (135 kgX 1 40 m s*') = 1K9 N. 

Evaluate: The rvt force must be in the direction of the arceJeration. 

Identify : Apply Y F - ma to the box. 

SET Up: Let +x be the direction of the force and acceleration. = 48.0 N . 



4.9. 
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4.10. 


4.11. 


4.12. 


4.13. 


Execute: = mu. gives 




4S.QN 


-16.0 kg. 


a 3.00 nVx* 

EVALUATE: The vertical forces sum to zero and there is no motion in that direction. 

IDENTIFY: Use the infonnation about tlic motxm to find the acceleration and then use - ma t to 
calculate nt. 

SET UP: Let +x he the direction of the force. - 80.0 N. 

Execute: (u> * -x, -11.0 m. / - 5.oo s, v 4l - 
g a 2|.t-t,> _ 2|! 1.0m) ,Q g gQ m r t > m WH 

4 iws i. 


x-x.. = v. t + lat 1 gives 


^).9 kc 


(5.00 *)• a 0.880 mV 

(b) a . - 0 and v 4 is constant. After the fins! 5.0 s. v, = y 0i + tf./ = (0.880 mV HS.00 s) - 4 40 in s . 

.y - x, = v u j * 4<M* % - (4.40 nvs)(5.00 s) - 22.0 m . 

EVALUATE: The mass determines th: anxiunt of acceleration produced by a given force. The block moves farther 
in the sccood 5.X s thin m the first 5.00 s. 

iDLMltV and SET UP: l.*se Nek ton’s second law in component form (Eq.4.8) to calculate the acceleration 
produced by th: force. Use constant accclcratxm equations to calculate the effect of the accclcruticei on the motion. 
Execute: (u) During this tinx interval the acceleration is constant and equal to 

0.250 N 


1.562 nix* 


m 0.160 kg 

We can use the constant acceleration kinematic equatxms fr»>m Chalter 2. 

.y-a, -\ Ut iTr4j' = 0r4<l.562 ms*X 2 . 00 s)\ 

so the puck is at y = 3.12 m. 

v. = ra.i - o * (1.562 nnS 1 ((2.00 i| - 3.13 m'. 

(l> > In the time interval freon t - 2.00 s to 5.00 s the force has been removed so the accclcratxm is zero. The speed 
stays constant at v =3.12 m s. The distance the puck travels is x- x % = v u i - <3.12 ms)f 5.00 s - 2.00 s) - 9.36 m. 
At the end of the interval it is at x = x^ +9.36 m = 12.5 m. 

In the time interval from t - 5.00 s to 7.00 s the acceleration is again a, =1.562 mV. At tlie start of this interval 
V| =3.12 m s and x^ = 12.5 m 

x-x* = =(3.12 in sX2.00 s) * I.562 m s* > )<2.00 s)\ 

x-x, - 6.24 m-f 3.12 m = 9.36 m. 

Therefore, at t = 7.CO s the puck is at x = x, -t 9.36 m = 12.5 m + 9.36 in - 21.9 m 

V 4 = v 4< * aj = 3.12 m s -f (1.562 m's 1 >(2.00 s) = 6.24 m s 
EVALUATE: The acceleration says the puck gains 1.56 m 's of velocity for every second tlie force acts. The force 
acts a total of 4.00 s so the final velocity is <1.56 m's #<1.0 % ) - 6.24 m s. 

IDEVIIJV: Apply V /’* — ma . Tlien use a constant accclcratxm equation to relate the kircmatic quantities. 

SET UP: Let +x he in the direction of the force. 

Execute: (u> u = FSm*( I40N>^32.5 kg) = 4.31 mV. 

|b> y - x, = v j + ±a r . With v u = 0, x = = 215 m. 

(c) >* 4 = v 4< * aj . With v u . = 0. \\ = aj = 2x/f = 43.0 m's. 

Evaluate: The acceleration connects the modem to the forces. 

IDEXYIFY: The force and acceleration are related by Newton’s second law. 

SET UP: = mu . where is the rrt fcece. m - 4.50 kg. 

Execute: (u) The maximum net force occurs when the acceleration his its maximum valix 

- ma t =(4.50 kgMIO.O m*\) = 45.0 N . This maximum force occurs between 2.0 s and 4.0 s. 

(b) Tlie net force is constant when the acceleration is constant. This is between 2.01 and 4.0 s. 

(c) Tlie net force is zero when the acceleration is zero. This is tlie case at r = 0 and t = 6.0 s . 

Evaluate: a graph of yf versus / would have the same shape as the graph of a , versus /. 
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4.14. 


4.15. 


4.16. 


4.17. 


4.18. 


IDENTIFY: The force and acceleration arc related by Newton’s second law. --, so is the slope of tlx 

dl 

graph of v t versus /. 

SET UP: The graph of v 4 versus t consists of straight-line segment*. Fee ( - 0 to t - 2.1X1 s, - 4.00 m's*. For 
r - 2.00 s to 6.00 s. a t = 0. For t « 6.00 s to 10.0 s, a t = 1.00 m s*. 

£/** - ma t % with m - 2.75 kg . ]r/\ is the nd force. 

EXICITTE: (a) The maximum net force occurs when the acceleration his its maximum value. 

£/•’ *ma t -<2.75 kg>4.00 m s*) - 11.0 N This maximum occurs in the interval /-0to /-2.00 s. 

(I»l The net force is /cm when the acceleration is zero. This is between 2.00 s and 6.00 s. 

(c) Between 6.00 s and 10.0 s. a t = 1.00 m's*, so YF k ^ (2.75 kg K 1.00 mb 1 ) = 2.75 N . 

Evaluate: The M force is largest when th: velocity is changing most rapidly. 

IDENTIFY: The net fixve and the acceleration arc related by Newton's second law. When the rocket is near the 
surface of the earth th: forces on it arc the upward force F exerted on it because of the burning fuel and the 
downward force F ym of gravity. - mg . 

SET UP: Let + y be upward. Tlie weight of the rocket is F |M> = (8.00 kg*9.S0 m's 1 ) - 78.4 N . 

Execute: (u>At /=0, F-^-^lOO.ON. At f = 2.00 s. F *A+ <4.00 s* )D - 150.0 N and 
« -I50ON-I.XON |2 5Nt , 

4.00 < 

(b) (1) At f-0. F - A = 100.0 N . Ihc no fora it £/■’. -F-F^ =100.0 N -78.4 N = 21.6 N . 

a - ~ I 6N 2.70 m'» ! . (ii) At i - .1.00 %, F = At Bti.00 %)’ = 212.5 N . 

’ * S.00 kg 

YF = 2125 N-78.4 N = 134.1 N. a, -£^1- 1 — ' - 16.8 mi’. 

’ ’ m 8.00 kg 

(c) Now /•• = Oand YF - F - 212.5 N . u - ? I25N - 26.6 mV. 

^ ’ ‘ 8.00 kg 

EVALUATE: The acceleration increases as F irxrcases. 

Idi.n I1FY: Use constant acceleration equations to calculate a t and /. Then use YF - mi to calculate the 
net force. 

Set L’P: Let -fa be in the direction of motion of the electron. 

EXECUTE: (Ul v« 4 - 0, |x - .v 0 ) = I 80x 10 * m. v 4 = 3.00 x 10* m's . \* - »£ 2 <i k {x -.r t .) gives 

a ^=2.50x10- nvV 

J 2 {x- x 4 ) 2 ( 1 .SOx 10 * m) 


(c) Y.F. -mo. =(9.11-10 " kg«2 50-IO" m'V) = 2.28x10 " N . 

EVALUATE: The acceleration is m the direction of motion since the speed is increasing. and the net force is in the 
direction of th: acceleration. 

IDENTIFY and SET Up: F - ma. We must use w - mg to find the mass of the boulder. 
w 240(1 N 

Execute: «i --- - 244.9 kg 

g 9.80 mV 

Then F - ma - (244.9 kg H> 2.0 mfr’) = 2940 N. 

EVALUATE: We must use mass in Newton’s second law. Mass find weight are proporti onal. 
iDtMUV: Apply Y_F -im . 

SKI L’P: 111 = w/g - (71.2 N).'(9.80 ml') = 7.27 kg. 

Execute: a -L.= .. l6 ? x -22.0m'V 
* n 7.27 kg 

EVALUATE: The weight of the ball is a vertical force and doesn’t atYed the horizontal acceleration. However, the 
weight is used to calculate the mass. 
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4.19. 


4.20. 


4.21. 


1 . 22 . 


L21 


IDENTIFY and SKI UP: w - mg. The mats of the watermelon is constant, indepcndmt of its fixation. Its weight 
differs on earth and Jupiter's nuxm. Use tlx information about the watcrmclcefs weight tm earth to calculate its 




iv 44.0 N 


EXECUTE: w - mg gives that m- 


P.SQm'i 


- 4.49 kg. 


On Jupiter’s moon, m — 4.49 kg. the sanx as cot earth. Thus the weight on Jupiter's mocei is 
»•- m? -(449 kgll.KI mV)-8.13 N. 

EVALUATE: The weight of the watermelon is less on Io. since g rs smillcr there. 

iDIMin: Weight and mass arc related by w - mg . The nu« is constant but g and w drpend on locatxin 
SET UP: On earth, g = 9.SO m'l 1 . 


KxJXl'Tl: 




(u)- m . which is constant, so--. h\ - 17.5 N . g k - 9. 

8 k 8 a 


n's‘ .and w, - 3.24 N . 


B.s "I — \8i 

|b> — 

8 k 


K 

17.5 N 


-1.79 kg 


9.80 m s* 

Evaluate: The weight at a location and the accclcratxm due to gravity at that location are directly proportional. 
IDENTIFY: Apply - met' to tind the resultant horizontal force. 

SET UP: Let the acceleration he in the r.v direction. 

EXECUTE: - ffw. - (55 kgXl5 m s*') - 825 N . The force is exerted by the blocks. The blocks push on the 

spnntcT because the sprinter pushes on the blocks. 

EVALUATE: The force the blocks exert on tlx sprinter has tbc same magnitude as the force the sprinter exerts on 
the blocks. The harder tbc sprinter pushes, the greater the face on him. 

IDEMIFY: ^ f : - mtf refers to forces that all act on one object. The third law refers to forces that a pair of 
objects exert on exh other. 

SET UP: An object is in equilibrium if the vector sum of all the forces on it is zero. A third law pair of forces 
have the sanx migmtudc regardless of tlx motion of either object. 

Execute: (a) the earth (gravity) 

|b» 4 X; the book 

(c) no. tbese two forces are exerted on tlx same object 
(<1)4 N; the earth: the book; upward 
(e) 4 N. the hand; the hook; downward 

(0 sccood (The two forces arc exerted on the same object and this object has mo acceleration.) 

(f») third (The forces arc between a pair of cfcjccts.) 

(h) No. There is a net upward force on the book equal to 1 N. 

(i) No. The force exerted on the book by your hand is 5 N. upward. The force exerted on the book by the earth is 
4 X, downward. 

(j) Yes. These forces form a third-law pair and are equal in magnitud: and opposite in direction. 

(k) Yes. These forces focm a third-law pur and are equal m magnitud: and opposite in direction. 

(l) One. only the gravity force. 

( in) No. There is a net downward force of 5 N excited on the book. 

Evaluate: Newton's second and third laws give complementary* information about tlx forces that act. 
IDENTIFY: Identity* the forces on the bottle 

SET UP: Classify forces as cont&rt or noncontact forces Tlx mxxontact force is gravity arxl the contact forces 
conx from things that touch the object. Gravity is alw*ays directed downward toward the center of tlx earth Air 
resistance is always directed opposite to the velocity of the object relative to the air. 

Execute: (uF The free*body diagram for tbc bottle is sketched in Figure 4.23a 




Tbc only forces on tbc bottle arc gravity 
I downward I and air resistance (upward) 


r w - «v* 

figure 4.23a 


n» 
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C tuple f 


4.24. 


L25. 


4.26. 


earth 

Figure 4.23b 


M* is ibe force ot* gravity that tlx earth exerts 
cm the bottle. The reaction to this (beet is m* 
force that the bottle exerts on the earth 


Note that these two equal and opposite forces produce very different accelerations because the bottle and the earth 
have very different masses. 

F~ is the force that the air exerts on the bottle and is upward. The reaction to this force is a downward force 
that the bottle exerts on the air. These two forces have equal magnitudes and opposite directions. 

Evaluate: The only thing in contact with the bottle while it is falling is the air. Newlon’s third law always 
deals with forces on two different objects. 

IDENTIFY: The reaction forces in Newton's third law arc always between a pair of objects. In Newton's second 
law all the forces act on a single object. 

SET UP: Let +y be downward, m - wig . 

Execute: The reaction to the upward nomial force on the passenger rs the downward ncxnul force, also of 
magnitude 620 N. that tlx passenger exerts on the floor. Tlx reaction to the passenger’s weight is the gravitational 


force that the passenger exerts on the earth, upward and also of imgnilude 650 N. 




- a, goes 


- 0.452 m»s*. The passenger’s acceleration is0.452 m/s* . downward. 


650 N - 620 N 
' ~ (650 NM9.K0 mV ) 

EVALUATE: There is a net downward force on the piswngcr and the passenger has a downward acceleration. 
IDENTIFY: Apply Newton’s scccvid law* to th: earth 

SEE UP: The force of gravity that the earth exerts on her is her weight, w - mg = f45 kg)<9.8 m s') - 441 N. By 
Newton's 3rd law. she exerts an equal and opposite force on the earth. 

Apply ma to the earth, with |y /*| - w - 441 N. but must use the mass of the earth for /«. 

441 N 


EXECUTE: 


M 

fl- 


7.4x10 * m s*. 


m 6.0 x 10 kg 

EVALUATE: This is much smaller than her acceleration of 9.8 m s*. The force she exerts on the earth C4?uals in 
magnitude the force the earth exerts on her. but the acceleration the force prodixes depends cm the mass of the 
object and ber miss is much less than the mass of the earth. 

IDENTIFY and SET Up: The only fence on the hall » the gravity force. F . This force is mg . downward and is 
independent of the molxin of the object. 

Execute: The free-body diagram is sketched in figure 4.26. The free*body diagram is the same in all eases. 
EVALUATE: Some forces, such as friction, depend on tlx motion of the object but the gravity fence docs not. 




figure 4 .26 

4.27. I DEN WY: Identity’ the forces on each object. 

SET Up: In each case the fences are the noncontact force of gravity (the weight! and the forces applied by objects 
that arc in contact with each crate. Each crate touches the floor and the other crate, and some ctojcct applies F to 
crate A. 

EXECUTE: (u) The frcc*body diagrams for each crate arc given in figure 4.27. 

F a j (the force on m t due to m v i and F kt (the force on m A due tom^) form an aetiem*reaction pair. 

(h> Since there is no horizontal force opposing F, any value of F. no matter how small, will cause the crates to 
accelerate to the right. The weight of the two crates acts at a right angle to the horizontal, and is in any case 
balanced by the upw ard force of the surface on them 
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EVALUATE: Crate B ts accelerated by F bt and crate A u accelerated by the net force F - F tA . Tlx greater the 
total weight of the two crate*, the greater tlxir total mat* and the smaller will be their arcclcrstion. 



a a 

Figure 4 21 

4.28. IDENTIFY: Tlx surface of block B can exert both a frklicm force and a rcirmal face cm btock A. The frictKin fcece is 
directed so as to oppose relativ e motKin between blocks B and A. Gravity exerts a downward force w on block A. 

SET UP: The pull is a force on B not on A. 

EXECUTE: (a) If tbc table k frxtionlcs* tlxrc i* a net horizontal force on the confined object of tlx two blocks, 
and block B accelerates in the direction of the pull. The fnction force that B exerts on A is to the right. to try* to 
prevent A from slipping relative to B as B accelerates to the right. The free body diagram is sketched in Figure 
4.28a./is the friction force that B exerts on A and n i* the normal force that B exert* on A. 

(b) The pull and the frictKin force exerted on B by the able cancel and the net force on tlx system of two block* is 
zero. The blocks mov e with the some constant speed and B exerts no friction force on A. The frcc-body diagram is 
sketched in Figure 4.28b. 

Evaluate: If in part (b) the pull force is decreased, block B w ill slow down, with an acceleration directed to the 
left. In this case tlx friction force on A would be to the left, to prevent relative motKin between the two blocks by 
giving A an acceleration equal to that of B. 



<a> lb) 

Figure 4 2H 

4.29. IDEA UFA: Since tbc observer in the train sees the Kill hang nxitKinlc**. the ball musi have the same acceleration 
as the train car. By Newton’s second law', there must he a net force on the ball in the same direction as its 
acceleration. 

SET UP: The forces on the hall are gravity, which is n\ downward, and the tension T in the string, which is 
directed along the string. 

EXECUTE: (a) The acceleration of the train i* zero, so the acceleration of tlx ball is zero. TTxrc is no net 
horizontal force on the Kill and the string must hang vertxallv. The frcc-kody diagram is skctctxd m Figure 4.29a. 

The train has a constant acceleration directed cast so the hull must have a constant eastward acceleration. There 
must be a net horizontal force on the ball, directed to the cast. This net force must come from an eastw ard 
component of T and tlx hall hangs with the string displaced west of vertical. The frcc-body diagram is sketched in 
Figure 4.29b. 

EVALUATE: When the motKin of an object is described in an inertial frame, there must be a net force in the 
direction of tlx accclcratxm 



<*) (bl 


Figure 4 29 

4 JO. IDEMIFY: Identity the forces foe each object. Action -reactKin pairs of forces act between two ctojccts. 

SET UP: Friction is parallel to tbc surfaces and « directly to oppose relative motion between the surfaces. 
EXECUTE: The frec-bcdy diagram for the box is given in Figure 4.3Cti. live free body diagram for the truck is 
given in Figure 4.X)b. The box’s friction force on the truck bed and the truck bed’s frictKin force on the box form 
an action-reaction pair. There would also be some snull air-resistance force action to the left, presumably 
negligible at this speed. 
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Evaluate: The friction force on the box. exerted by the bed of the truck, is m the direction of the truck’s 
acceleration. This friction force can't be large emugh to give the box the sanx acceleration that the truck h« and 
the truck acquires a cr eater speed thin the box 


(miction force to 

ire'* fockttiinJ inoJi 


(0) <b) 

Figure 4.30 

IDENTIFY: Identity the forces cm the chair. The floor exerts a mrmal force and a friction force 
Set Up: Let ♦ y be upward and let r.v be in the direction of the motion of the chair. 
Execute: (a) The tree-body diagram for the chair is given in Figure 4.31. 

(b) For the chair, a -0 so Vf -mu gives n -mg -/*sin37° -(land n — 142 N . 
CVALlaTE: a is larger thin the weight because r has a downward compofxnt. 


4JL 



1 DEN I1f\: Identify the forces on the skier and apply V F - ma . Constant speed nxans a - 0 . 

SET UP: Use coordinates that are parallel and perpendicular to tlx slop:. 

EXECUTE: (a> The fre^body diagram for the skier is given in Figure 4.32. 

(b> JV, - ma, with a, - Ogives T - mgmO- 165.0 kg89^0 m/x*)sin26.0° - 279 X . 

EVALUATE: T is less than the weight of the skxr It is <x|ual to the component of the weight that is parallel to the 

incline. 



Figure 4J2 

4.33. IDENTIFY: V F • ma must tv satisfied for each objrct. Newton’s third law ays that the force F i .^ l that th: car 
exerts on the truck is equal in magnitude and opposite in direction to the force F : that the truck exerts on the 


car. 

SET L’P: The only hcei/ontal force cm the car is the force r, l4( exerted by the truck. The car exerts a force 
r< | on tbc truck. There is also a hori/cmtal friction force f that the highway surface exerts on the truck. Assume 
the system is accelerating to the right in the free-body diagrams. 

Execute: (u) The tree-body* diagram for tbc car is sketched m Figure 4.33a 
<b) The tree-body diagram fee tbc trurk is sketched in Figure 4.33b. 
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(c) The friction force f accelerates the system forward. The tires of the truck push backwards on the highway 
surface as they rotate, so by Newt cm's third law the roadway pushes forward on the tires. 

EVALUATE: F { mti and F t , each equal the tension 7* xn the rope. Both objects have the same acceleration a 
T - a and f - T - /w,i? . so f = (m. + m. )o . The acceleration of the two objects is proportional to f. 


r**; 


"r "t 

W <*>> 

Figure 4J3 

4.34. iDiVnFV: Use a constant acceleration equatievi to find the stopping time arxl acceleration. Then use 

]T F - t/ia to calculate the force. 

SET L’P: Let +x he in the direction the bullet is traveling. F is the force the wood exerts on the bullet. 


Exec lit: 


(a) v 44 - 350 ms. v = 0 and (x-^) = O.I30 m. {x-.r 0 ) = ; — \r 


pves 


2(^_2i(U30m | 


ni s 


( h , ‘>'!. -* g ,v« a> - 4 - 71 * 10 ' ■*’ 

JV. -ma t gives -F - m a. and F - -ma, - -(l.80x 10 kgK -4.71x10* ms*')- K4K N . 

EVALUATE: The acceleration and net force arc opposite to the direction of motion of the bullet. 

4.35. IDI.VIITA: Vector addition problem. Write th: vector addition equation in component form. We know one vo^or 
and its resultant and arc asked to solve for the other vector. 

SETUP: Use coordinates with the +x*axis a kmc F and the -M-axis alone R, as shown in Figure 4.35a. 




7-. =+1300 N. /^=0 
R =0. R =+1300 N 


Figure 4J5a 


F +F 1 -R. so F i mR-F l 

Execute: F it = R. - F u = 0-1300 N = -1300 N 

F St = /?. -F lt =+1300 N-0 = rl300N 

The components of F, arc sketched in Figure 4.35b. 

F 3 - + /\, = yf{- 13<C N>* +CI300 N) 

»v * 

0 



F = 1H40 N 

F if +1300 N 


tan u - • 

F 2i -1300 N 
0 = 135° 


= - 1.01 


Figure 4.35h 


The magnitude of F : is 1S40 N and its direction is 135° counterclockwise from the direction of F r 
EVALUATE: F 1 has a negative x component to cancel F t and a v-cocnponeot to equal R 

4.36. Ides IlfV: Use the motion of th: ball to caVrulatc g . the federation of gravity on the planet. Then 4 - my . 
SET Up: Let +y be downward and take V* = 0 . v 4t - 0 since the boll is rdeased from rest. 
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EXECUTE: (id g on X: V - ^gt’ gives 10.0 m - lg(2.2 %) s . g - 4.13 m.'s ; and then 
"%*"*** =(0.100 kgK4.03 m.'s J ) -0.41 N . 

EVALUATE: g on Plaixl X is smaller than an earth and the object weight lets than it wtxild on earth. 
IDSMIFY: If the hax moves in the +x«direct»oon it mutt have a -0. so Y f -0. 



The smallest force the child can exert arxl still 
produce such motxin is a force that miket the 
rcoiryionents of all three forces sum k> zero, 
but that doesn’t have any .v-confiiKnt. 


SKI l.’P: F x are! F are sketched in Figure 4.37. Let F t be the force exerted by the child 
irrftlict F Xt + F it + F lt = 0, so F>, ^ -<F it + F x ,}. 

Execute: F, = sin60 : -(l00N>sin6ir-S6.6N 
F 3% » nn(-30°) = -fj sin 30° ^ -<140 N|san30° = -70.0 N 


u.\ 


The smallest force the child can exert his magnitude 17 N and rs directed at 90 : clockwise from the +x*axis 
shown in the figure. 

(b) IDF.M1FY and Sl.1 Uf: Apply - am.. We know the forces and *i t so can solve form. 77ie force exerted 
by the child is in the — idirecdofi and has nox-compocxnt. 

Execute: f, - F x cos6(r - 50 N 

F u = f’ 2 coi30 : - 1212 N 

£/• - F U +F>. =50 Nr 121.2 N -1712 N 

o 4 2.(0 ms* 

Then w - tng = S40 N. 

Evaluate: In part tbl we don’t need to consider the y-compccieni of Newton's second law. a - 0 so the mass 
doesn't appear in the Yf. - mj ( equation. 

Identify: Use - ma to calculate the acceleration of the tanker and then use constant accelcraticei 
kinematic equations. 

Si:r UP: Let +x be the direction the tanker is moving initially. Then a t - -F/m . 

EXECUTE: v] - + 2*7, (x - x,) says that if the reef weren’t thrre the ship would stop in a distance of 

v£ li nt>i (34x10' kgKl.5 m%) 3 
2a~~ 2{F:m) ~ IF 2(8.0x10* S) 


r-x. 


- 506 nv 


4.39. 


so the ship would hit the reef. The speed when the tanker hits the reef is found from > 4 - r t *. + 2 <j k < r - <**). so it is 

\ (3.6x10 kg) 


and the oil shixild he safe. 

EVALUATE: The force and acccWation arc directed opposite to the initial motion of the tanker and the speed 
decreases. 

IDLMIFY: We can apply constant federation equations to relate the kinrmatic variables and wc can use 
Newton's second law to relate th: forces and acccferation. 

(a) SET Up: First use the information given about the height of the jump to calculate the speed he his at the 
instant his feet leave the ground. Use a coordinate system with th: +»-axis upward and the origin at the position 
when lus feet leave th: ground. 




4.40. 


4.41. 
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\\ =0 (at the maximum height), v 4> a, = -9.80 m's\ y-y, = -f 1.2 m 
^ = !;,f2i # (y-v,) 

Execute: ^ ^-2<i f <y-y 0 ) - ^-2(-9.80 m’s‘\K1.2 ml = 4.85 m s 

<l»l SET L*P: Now ccmsidcr the acceleration phase, from when he starts to jump until whm his feet leave the 
ground. Use a coordinate system where the +y-ax« is upwanl and th: origin is at hrs position when he starts hrs 
Jump 

EXECUTE: Calculate the ax erage acceleration: 

, v 4.89 m s-0 . 

ia u >,--^ 1 6.2 m s 


/ 0.300 s 

(c) SET L’P: Finally, lind the average upward fwce that the ground must exert on him to produce this average 
up»vard acceleration. (Don't forget about the downward force of gravity.) The forces arc sketchxl in Figure 4.39. 

Execute: 



Ml - H’/g 


9.M* m s 


-90.8 kg 


L F > =ma ' 

F .. -mg >, 

F .. = 

F„ - 90.* kg(9.S0 m'»’ 16.2 mV) 
f - 2360 N 


Figure 439 


This is the average fcecc exerted on him by the ground. Hut by Newton's 3rd law, the average force h: exerts on 
the ground is equal aixl opposite, so is 2360 N. downward. 

EVALUATE: In order for him to accelerate upward, the ground must exert an upward force greater than his 
weight. 

IDEYVIFV: Use constant acceleration equations to calculate the acceleration a i that would he required. Then use 
y /*. - HUT. to find th: necessary force. 

SET UP: Let +x be the direction of the initial motion of the auto. 

EXECUTE: i* - y* ♦ 2 a (x - x ) with v = 0 gives a - -—L.— . The force F is directed opposite to the 

2 (x-x„) 


motxm and a $ - -__ Equating these txvo expressions for a t gives 


—-(850 kg> li: >m i' 1 - 3.7x10* N. 

2 <x-x.) 2 ( 1 . 8 x 10 m) 


EVALUATE: A very large force is required to stop su:h a massive object in such a short distance 
IDENTIFY: Apply Newton’s sccccid law to calculate a. 

(a) SET Up: The free*bodv diagram for the bucket is sketched in Figure 4.41. 


1 

7 \tn ten, fctt 

i*tlcixrd> 


N ■ (l\K 


The net force an the bucket 
is 7*-/??#, upward. 


F igure 4.41 
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4.42. 


lb) Execute: - ma > £* vc * T-w-*** 

T-mv 75.0 N-(4.80 kuH9.80m.sM 75.0 N-47.04 N * 

«. 4.SO kg 4.80 kg 

EVALUATE: The weight of the bucket is 47.0 N. The upward force exerted by tlx cord is largcT than this, so the 
bucket accelerates upw ard. 

IDENTITY: Apply Yl - ma to the pararhutist. 

SET UP: Let +y be upward. is the force of air resistance. 

Execute: <u> »» - mg ^ (55.0 kg H9.80 m s*M = 539 N 

(hi The tree-body diagram is given in Fig. 4.42. £/•’ -F f - w - 620 N - 539 N - 81 X . The rxt fevee is upward 

(c) a - ■ — — — Sl 1.5 m's : . upward. 

« 55.0 kg 

EVALUATE: Both the net force and the accclcratxm arc upward. Sirxc her velocity is downward and her 
Acceleration is upward, her speed decreases. 


Figure 4.42 

IDENTIFY: Use Newton's 2nd law to relate the accclcratxm and forces for each crate. 

(a) SET IIP: Since the crates are connected by a rope, they Ixith have the same acceleration. 2.50 m s* 
lb) The farces on the 4.00 kg crate are shown in Figure 4.43a. 


Execute: 

Z / ' =a,a ‘ 

T-no- (4.00 k S W2.50 mV’)- 10.0 N 


i " »i* 

Figure 4.43a 

(c> SET UP: Fonres on tlx 6.00 kg crate arc shown in Figure 4.43b 


. : ” w : * 

Figure 4.43h 


Tlx crate accelerates to the right 
w the rxl force is to the right. 

F must he laruer than T. 


(d) Execute: gives F - 7 - ma 

F ^ T -» m.a - 10.0 N »(6.00 k S ¥2.50 Mt‘ 1 - 10.0 N * 15.0 N = 25.0 N 
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4.44. 


4.45. 


4.46. 


EVALUATE: We can also consider tbc two crates and the rope connecting them 
m -m 10.0 kg. The trec-bodv diagram is sketched in Figure 4.43c. 


sinuV: object of mass 


4 * 


F^ma -(10.0 lull 2.50 mV) - 25.0 N 
This agrees with our answer in part <d). 


T»r -mg 

Figure 4.4.3c 

I DEMUX: Apply Newton's second and third hws. 

SET UP: Act ion-region forces act between a pair of objects. In the second law all the force* an the same 
object. 

EXECUTE: (a) The force the astronaut exerts sm the cable and the force that the cable exert* on the astronaut are 
an action reaction pair, so the cable exert* a force of 80.0 N on the astnxiaut. 

(hi The cable is under tension. 

(c) gajLa- H0IN ;0.762 m.’s J . 
m 105.0 kg 

|d ) There is no net force ixi the massless cable, *o the force that the shuttle exerts on the cable must be 80.0 N (this 
i* not an action-reaction pair). Thus, the fcece that the cable exerts cm the shuttle must be 80.0 N. 

tc)a = — S ° 0S —-8.84x10^ m/s 1 . 
m 905x10 kg 

EVALUATE: Since the cable is massless the net force on it is zero and the tcnsxm is tbc same at ea:h end. 
IDENTIFY and SET Ur: Take derivatives of *(/) to find v t and a,. Use Newlon'* second law to relate the 
acceleration to the net force on the object. 

Execute: 

(a) x = (9.0x10' mvV-<8.0x lO’m'i V 
i-O at 1-0 

When I = 0025 %. x = (9.0-10' mV)<0.025 %)' -<S.0x 10* nVs*X0.02S i)' -4.4 m. 

The length of the barrel must be 44 m 

(b) V. = — = (18.0x10* mV |i-(24.0x10* iiV»V 

dt 

At r -0. v - 0 (object starts from rest). 

At r - 0.025 *. when the object reaches the end of the barrel, 
v =(18.0x10* m's ; )(0.025 s)-(24.0x|0 4 tn's*)(0.025 %y -301 m'i 

(c) Yf. so must find 

a, = —- IS.OxlO* mV' -<4S.0xl0 4 m/s‘y 
dt 

(i)At 1 = 0. d. =18.0-10* m'l and -0-50kglllS.Ox 10* m, 1 *')- 2.7x10* N. 

(n) Al 1 = 0.025 *. a . =18x10* mV-(48.0x10* nv**)(0.025 %) = 6.0x10* mV and 
£/’. =<1.50 kgX6.0-!0‘ mV) = 9.0x10* V 

Evaluate: The acceleration and net ftxcc decrease as tlie object moves along the barrel. 

IDENTITY: Apply V /•* - /wu and solve for tlie mass m of the spacecraft. 

SET Up: w- /w# . Let +> be upward. 

EXECUTE: (a) The velocity of the spacecraft is downward. When it is slowing down, tlie arccieration is upward. 
When it is speeding up. the acceleration is downward. 

(b) In each ease the net force is in the directicm of the acceleration. Speeding lip: w> F and th: net force is 
downward. Slowing down: w < F and tlie net force is upwanl 
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4.47. 


4.48. 

4.49. 


(c) Denote the v*component of the acceleration when the thrust is by a t and the r corrponcnt of the 
acceleration when tlx thrust is ^Y <*»• - + 1.20 m»'s* and - -4>.S0 m's*. Tlic forces and accelerations are 

then related by /*, - w - ma r F i - »»• - Dividing the first of these by the second to eliminate the miss gives 

—-- - —. and solving for the weight w gives 

F *~ w a > 

w . Substituting the given numbers, with + v upward, u.ives 


(1.20 m/jTXlOOx 10* N)-(-0.S0m/s'K25.0x!0' N) , f A ^ vr 

1.20 m/*^ -(- 0.80 m/s') 

Evaluate: The acceleration due to gravity at the surface of Mercury did not reed to be found. 
iDLMltY: Tbc ship and instrument have tb: same acceleration The forces and acceleration are related by 
Newton’s second law. We can use a constant acceleratxm equation to calculate the acceleration from the 
information given about the moticei. 

SKI UP: Let +y be upward. Tlie forces on the instrument are the upward tension T exerted by the wire and the 
downward force m- of gravity. w*mg = (6.50 kgK9.K0 m V>- 63.7 N 

Execute: (a) The freebody diagram is sketched in Figure 4.47. Tb: arcelcration is upward, so T > w . 

>*->:, -276m, / = 15.0 s, v 4l -0. y - = i,/ + id,* 3 gives a , = ——— ^ -2.45 m/s*. 

JV, - mj. gives T - w - ma and T = vr-f ma = 63.7 N + (6.50 kg #2.45 m's J ) - 79.6 N . 

Evaluate: There must be a net force in the direction of tbc acceleration. 

r 


t 


Figure 4.47 

If the rocket is moving downward and its speed is decreasing* its acceleration » upward, just as in Problem 4.47. 
The solution is identical to that of Problem 4.47. 

IDENTIFY: Apply V /•’ - ma to the gymnast 

SKI Up: Tbc Upward force on the gymnast gives the tension in tb: rope. Tbc free-body diagram for the gymnast 
is given in Figure 4.49. 

EXECUTE: (u) If the gymnast clinfrs at a constant rate, there is no net force ixi the gymnast, so the tension must 
equal the weight: T - mg . 

(b) No motion is no acceleration, so the tensxin is again the gymnast’s weight. 

|c) T — vi -T — mg - - /r?|a| (the acceleration « upward, the same direction as tb: tensionK so 7 - wig ♦ |a|i 

(d) T -Vi - T - mg - ma - -m|i| (the acceleration is downward, the opposite direction to the tension I. so 

EVALUATE: When she accelerates upward the tension is greater than Ixr weight and when she accelerates 
downward the tensxm is less than her weight. 


mx 

Figure 4.49 
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4.51. 


4.52. 


IDEMIFV: Apply V/’’ - mu to the elevator to relate the force* on it to the acccVrration 
(a) Sir UP: The free*body diagram for tbc elevator is sketched in Figure 4.50. 


The ixl force is T - ni^ <upward}. 


Figure 4.50 

Take the -f v*dinct>oo to lx upward since that is the directii>n of the Jxcdcratiora Tlx maximum upward 
acceleration is obtained from the maximum possible tension in the cables. 

EXECUTE: YF t - ma t gives T - mg - nui 


T - mg' 28,000 N - (2200 kg*9.80 nVs 1 ) 

‘ m 2200 kg 

(b) What chances is tbc weight mi? of the elevator. 
T - mi? 28.000 N - (2200 kgHI .62 m's 2 ) 


2.93 nvi’. 


11.1 mV. 


»i 2200 kg 

EVALUATE: The cables can give the elevator a greater acceleration on tlx moon since the downward fonre of 
gravity is less there arxi the same T then gives a greater net force. 

iDEYTlfY: I Ic is in free-fall until he contexts the ground. Use the constant acceleration equation* and 

■pp'y !/*««. 

S»:r UP: Take +y downward. While he is in the air. before lx touches the ground, his arcdcration 
is a f = 9.80 m s*. 

EXECUTE: (u) v«, - 0. y- y ( -3.10 m . and a 0 -9.S0 mV. + la ,(y- y,) gives 

v, -^20,1.- i,) - J2(9.SOmV)(3.IOm> - 7.79 mV 

|h> v,, -7.79 m<. v, =0. »— .v, =0.60 m. ij = v’ ( *2a(>-.0 gives 

a - -2 — i —I- - -50.6 mV the arcclcration is upward. 

’ 2 21060 ml 

(cl Tlx free-body* diagram is given in Fig. 4.51. F is the force the ground exerts on him. 

JV, - nuj t give* mg - f » -mi/ . F - -nr) - <75.0 kgX9.80 m s*' -t 50.6 ms*) - 4.53 x 10* N . upward. 

F 4.53 xlQ'N 


(75.0 kg if9.80 m's* V 


- 6 . 16 , so /• -6 16 w . 


3y Newton's third law. the force his feet exert on tlx ground is -F . 
Evaluate: The force tlx ground exerts on him is about six times hr* weight. 

F 


"A 


Figure 4 SI 

IDENTIFY: Apply y/’* - ma to the hammer head. Use a constant acceleration equation to relate tlx motion to the 
acceleration. 

Set UP: Let +y bo upward. 

EXECUTE: (u) The free*body diagram for tbc hammer head is sketched in Figure 4.52. 

(b) The acceleration of the hammer bend is given by v* - »* # r 2o ( (y-j' t ) with \\ - 0. — -3.2 m's* aixl 

v - v, - -0.0045 m . a t - \i, /2f y - v v > - 13.2 m/sV .'2(0.0045 cm) - 1.138x I0 ; m/s 2 . Tlx mass of tbc hammer 
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head is its weight divided by g % (4.9 N).'(9.80 m/s ) - 030 kg . and so the net force on the hammer head is 
(0.50 kgMl • 138 x 10* m Vs*) - 570 N. This is the sum of the forces on the hammer brad: the upward fcecc that the 
nail exerts, the downward weight and the downward 15-N force. The force that the nail exerts is then 590 N. and 
this must be the magnitude of the force that the hammer bead exerts on the nail. 

(c> The distaixc tb: nail mine* is 0.12 m. so the aeceleraticei will be 4267 m/s'. and the net force on the hammer 
head will be 2133 N. The migmtudc of the force that the nail exerts on the hammer head, and hence the magnitude 
of the force that the hammer head exerts on the nail, is 2153 N. or about 2200 N. 

Evaluate: For the shorter stopping distance the acceleration lias a larger magnitude and the force between the 
nail and hammer head is larger. 

‘ ',.1 


Figure 432 

Identity: Apply V /•’ - ma to some pnrthin of the cable. 

SKT UP: Tbc free body diagrams for the whole cable, the top half of the cable and the bottom half are sketched in 
Figure 4.53. The cable is at rest, so in each diagram the ixl ferce is zero. 

Execute: (u) The net force on a point of the cable at tb: top is zero; the tension in the cable must be cquil to the 
weight u\ 

(b) The net force on the cable must tv zero; the ditTcrcrxc between the tensions at the top and bottom must be 
equal to the weight w. and with the result of port l a), there is no tension at the bottom. 

(c) The net force on the bottom bilf of tb: cable must be zero, and so the tension in the cable at the mxldle must be 
half the weight, w/2 . Equivalently* the net force on the upper half of the cable must be zero. From part (a) the 
tcnsicei at tbc top is w % tlx weight of the top hilf is vr /2 and so the tcnsxm in the cabk: at the mxldle must 

be vr- w /2 - w /2 . 

(d) A graph of T vs. distance will be a negatively sloped line. 

EVALUATE: The tension decreases linearly from a value of w at the top to zero at tbc bottom of the cable. 


r r 


-ystf 4 

too tuir 




Ml tuil 


Figure 433 

IDENTITY: Note that in this problem tlic mass of the rope is given, and that it is not negligible compared to the 
cither masses. Apply £ F - »ui to exh ctojcct to relate the forces to the acceleration. 

(a) SET Ur: The free-body diacruins for each block and for the rope are given in Figure 4.54a. 


><OUN»xi 




5 Ml* tikxk 


f - Jen * 
f«w 


iqiof nvt> 




SCdtj Hr»k| 


Jr 

,1,1 ▼<5.« , * M ^> 




(I ;,(V 


1 


Iv-Jllhl 


Figure 434u 
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7] is the tension at the top of tlx rope ami 7*,. is the tension at the bottom of the rope. 

Execute: (b) Treat the rope and the two blocks together as a single object, with mass 
m - 6.00 kg t 4.00 kg ♦ 5.00 kg - 15.0 kg. Take ry upward, since the acceleration is upward. Th: free body 
diagram is given in Figure 434b. 

# = ma t 

♦ u F-mg-ma 

, a 20QN-,.5CKg,9X.mO 3 „ B|l 
15.0 kg 

Figure 4.54b 

(c) Consider th: forces on the top block <«i - 6.00 kgk since the tension at the top of the rope (7 ]) will be one of 

these forces. 


- mi*. 

F - mg - T t - till 7 
r; -F-ui(g-ia) 

r - 200 X - (6.00 kg*9.S0 nVs 1 -f 3.53 n/s J 1 - 120 N 


Figure 4.54c 


Alternatively, can consider the fccccs on the combined object rope plus bottom block (m - 9.00 kgk 

i t« 

IIJJ r, - mg - mu 

ir —* i; = m(g ta)- 9.00 kg|9*0 n»'s’+3.53 mfe 1 )* 120 N, 

1 which checks 

Figure 4.54d 

(<l> One way to do this is to consider the forces on the top half of the rope <m - 2.00 kg) Let T tm he the tension al 
tlie xmdpaint of the rope. 


Z F , um *. 

r-T.-mg. mu 

r. - r. -m(g 'al- 120 N -2.00 ki!(9.80 infs’»3.53 M 1 1 = 93.3 N 


Figure 4.54c 

To check this answer we can alternatively consider the fccccs on the bottom half of the rap: plus the lower block 
taken together as a combined object (m - 2.00 kg + 5.00 kg - 7.00 kgi: 


2 >; 

T - mg - AiitT 

r. - miff - d| = 7.00 kg<9.80 m'»’ * 3.53 mu') - 93.3 N. 
which checks 


llgure 4.54 f 
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EVALUATE: The tension in the rope is not constant but irxreascs from the bottom of the rope to the top. Tl»e 
tension at the top of the rope must accelerate th: rope » well tire 5.00’kg block. "Hie tension at the top of the rope 
is lew than F: there must he a net upward force on the 6 . 00 *kg block. 

IDENTIFY: Apply Y F - tna to the barbell and to the athlete. Use the motion of the barbell to calculate its 
acceleration. 

SET UP: Let be upward. 

Execute: la) The free*body diagrams for the b»cboll and for the athlete arc sketched in Figure 4.55. 

(b) Tlic athlete's weight is mg - (900 kgM^.SO m/s*) =882 N . The upward acceleration of the barbell is found 


from y - y v - »•,./+ la t r . a % - 


20 ’-*> 


0.469 ms* . The force needed to lift the barbell is given 

(L6s)* 


by F kt - - ma % . Tbc barbell's mws is (490 N T )/(9.K0 m s*') - 50.0 kg . so 

F it - ♦ mu - 490 N ♦ (50 0 kgMO.469 m /% 1 ) - 490 X + 23 N - 513 N . 

The athlete is not accelerating, so - F u - ^ 0. F^m F lix - 513 N -t S82 N -1395 N . 

EVALUATE: Since the athlete pushes upward on the barbell with a force greater than its weight the barbell pushes 
down on him arxl the normal force on tbc athlete is greater than the total weight, 1362 N. of the athlete plus 
barbell. 

Buhell AtbUi 



Figure 4.55 

Identify: Apply Y /' - tna to the balloon and its passengers and cargo, both before and after objects are 
dropped overboard. 

SET UP: When the acceleration is downward take +y to be downward and when the acceleration is upward take 
to be upward. 

Execute: (u) The frcc-body diagram for the descending balloon is given in Figure 4.56. 

L is the lift force 

(b) IF - tmi gives Mg - L - A/(g/3) and L - 2.l/#/3. 

(c) Now +y k upward, so /. - mg - m\g ' 2). where m is the mass remaining. 

L - 2\ig 3 , so m- 4.1/ . 9. Mass 5 M /9 must be dropped ov erboard. 

Evaluate: In part (b) the lift force is greater than the total weight and in part (c) tbc lift force is less than th: 
total weight. 

* 1 “ 


tv* 

* 


Figure 436 
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k57. 


IDENTIFY: Apply V/*’ - *?<i to the entire chain and to each link. 

SET UP: m - mass of cne link. Let +y be upward. 

Execute: (u) The free*body diagrams are sketched in Figure 4.57. is the force the top and middle links 
exert on each other, is the force the middle and bottom link* exert on each other. 

(h)(il The weight of each link i* ntg - (0.300 kg >(9.80 m/s 2 ) - 2.94 N . Using the free-body diagram for the 
whole chain: 


-3«i£ 12 N-3(2.94 N) 3.18 X 


-3.53 mi's 4 


3di 0.900 kg 0.900 kg 

(ii) The top link also accekratc* at 3.53 m/s 4 . so f hfc4 - - mg - ma . 

F kf m -mig+a)*\2 N -(0.300 kgK9.80 m s 4 «f 3.53 m.V) = 8.0 N . 

Evaluate: The force exerted by the middle link on the bottom link is given by F mmiU - mg - ma and 
- m<# ♦ a) - 4.0 N . We con verify that with our result* £/; - ma, is satisfied for the middle link 

'.ill. 


i 




wb.tV; cluin tup Ink itiiildL* link tv4U:n link 

Figure 457 

4.58. IDENTIFY: Calculate a from a - d l r dt 1 . Then F^ t - ma 
SETUP: w=mg 

EXECUTE: Differentiating twice, the acceleration of the helicopter as a function of time x* 
a -10.120 m ftf l n - (0.12 m/s 4 and at / - 5.0s . the acceleration is a - <0.60 m/s 2 )/ - (0.12 in ts* )k . 
The force is then 




f >v 



1" 

t- 

t 

I 


f *** J 





-Vie 




• . w. (2.75*10" N) 

t " ma - —a ~- 


—-[(0.60 m. 1 s 4 )/-(0.12 m/s* % ki]-(l.7xl0 4 N> : -(3.4x 10* NU 


X (9.80 m/s ) 

EVAliUTE: The force and acceleration are in tlie same direction. They arc both tmx dependent. 

4.59. IDENTITY: F - ma and a 


Setup: _<r*)^nr*' 
dt 

EXECUTE: The velocity a* a function of time is v t (/> - A - 3 Bt* and tlu: acceleration as a funelKin of time is 
ff.(f) - -6Bt . and so the force a* a function of time is /\(f) — ma[i) - -6ui Bf . 

Evaluate: Since the aeceleratHm is along the .v-axis. the force is along tlx x-axis. 

4.60. IDCM1FY: a - F m . » ; - r, ♦ J a dt. 

SET UP: v g - 0since the object i* initially at rest. 


Execute: v</ > - — I Fdt- - kA + -±i 4 } 
tn Jv m\ 4 


EVALUATE: F ha* both i and y components, so v dctclcp* v and »• complements 

4.61. Identity: Follow the steps specified in the problem. 

SET Up: The chain rule for difterentuting says — - — — - — »■. 

dt dx di <ix 
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4.62. 


% dv 

EXECUTE: (a) The equation of motion. —CV“ - m — cannot be integrated with respect to time, a* the unlnown 

dt 

C d\’ 

function v{i) rs part of the integrand. The equation must be separated before integration: that is, -—dt - —- and 

»t v 

a i 

m v v 0 

where v u is the constant of integration that gives »' = v 4 at / - 0 . Note that this form shows that if v u - 0. there is 

no motxm. This expression my be rewritten as v-|«— - — 

dt 

which may be integrated to obtain — In 11 ♦-|. 

To obtain .y as a function of v the time / must b: eliminated in favor of *•; from the expression obtained after the 

Ov, i, m . ( V., \ 

first integration.--I. so x-x, - — In — ( 

" v C \v) 

|h) Applying the chiin rule. / F - /rr— - *»’—. Using the given cxprc*sxm for the net fcrec. 

“ dt dx 

~ CV* 4±]m. ^. Integrating gi>ei ln|-L| »d = 

EVALUATE: Iff* is positive, our expression for v<r| shows it decreases from its valix of v; . As \ decreases, so 
does the acceleration and therefore the rate of decrease of 

I DEN ITFY: x - j \ t dt and v t - j adt . and similar equations apply to the y-component. 

Set UP: In this situation, the x-cocnfxment of force depends explicitly cn the ^component of position. As the y 
component of force is given as an explicit function of time, v and y can he found as functions of time and used in 
tlie expression for o 4 (l). 

Execute: a t - (fc; /m)t .so r, - (4, 2m\t : and y - . where the imtial conditions v Vt - O.y, - 0 have 

been used. Then, the expressions for and.r are obtained as functions of time: u - — • 

m 6m 


tl 


In vector form, r - 




.. 


i j 


M 


I .1 


2n 


./ i ♦ —r r and r-j — r-t——r 
l2CM;t* 1m 24/n 






Evaluate: a depends on time because it depends on t. and \ is a function of time. 




Applying Newton's Laws 



5.1. IDENTIFY: u - 0 for each object. Apply / f - mu to c»:h weight and to the pulley. 

SKI Up: Take +y upward. The pulley has nrghgiblc nviss. Let T t he the tensievi in the rope arel let T be the 
tension xn the chain. 

EXECUTE: ta) The tree-body diagram for each weight is the same and is given in Figure 5. la. 
y.F, - nu ( gives T t - vt- 25.0 N . 

(h» The tree-body diagram for the pulley is given in Figure 5.1b. T - 2T, - 50.0 N . 

Evaluate: The tension is the same at all points along the rope. 



Figure 5.1a. b 


5.2. Identify: Apply Y F* - mu to each weight. 

SET UP: Two fceccs act on each mats: iv down and /*(- w) up. 

Execute: In all esses. each string is supporting a weight against gravity, and th: tension in each string is w. 
Evaluate: The tension is the same in all three cases. 

5.3. IDENTIFY: Both objects are at rest and it - 0 . Apply Newton’s first law to the appropriate object. The maximum 
tension is at th: top of the chain and the minimum tension rs at the bottom of the chain. 

SET UP: Let +y* be upward. For the maximum tension take the object to be the chain plus the hall. For the 
minimum tension take the object to he the ball. For the tension T three* fourths of the way up from the bottom of 
the chain, take the chain below this pnint plus the ball to be the object. The tree-body diagrams in each of these 
three cases are sketched in Figures 5.3a. 5.3b and 5.3c. m u - 75.0 kg -t 26.0 kg - 101.0 kg. m t - 75.0 kg . m is 
the mass of three fourths of the chain: m - i|26.0 kg) - 19.5 kg . 

EXECUTE: (u) From Figure 5.3a. £/‘. - Ogives r_ -m,.jf - 0 and r_ -(101.0 kglO.SO mV) - 990 N . 
From Figure 5.3b. Y/\ = Ogives T„. -m,g - Oanl J"_. -<75.0 le>9.80 mV)-735 N . 

<b> From Figure 5.3c. =0gives T-(m ->ni,)g - Oand r - <19.5 kg -t 75.0 kgM9.S0 mV) - 926 N . 
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Evaluate: The tenskm in the chain increases linearly from the bottom to th: tern of the chain. 


Figure 5.3a 


^ “ l/M * M J M 


5.4. I DEN I1TN: Apply Newton’s 1st law to the person. Mach half of the rope exerts a force on him. directed alone the 
rope and equal to the tension T in the rope. 

SET L’P: (a) The force diagram for the person is given in f igure 5.4 

r _ r. 



T ! and T 1 are the 
tensions in each half of 
the rope. 


figure 5.4 

Execute: £/\*0 
T : cos 0-T cos0 - 0 

This says that T - 7* ; - T <The tension is the same on both sides of the person ) 

S'.-® 

7>intf* r sintf - mg - 0 

But r, - r. - 7, so 27 sin 0 - my 

r mg iW.0kgll9.SI> mV t 
2sintf 2 sin 10. CT 

<b> The relation 2T%inO - my still applies but now we are given that T - 2.50x 10 4 N (the breaking strength) and 
are asked to find 0. 

Q fc gN».80.n,>, j 
2T 2(2.50x10 S) 

EVALUATE: T -mg/(2xii»0) says that T -my'2 when 0 = 90° (rope is vertical). 

T —♦ f. when 0 -* 0 since th: upward coirptxvent of the tension becomes a smiller fraction of the tension. 

5.5. IDENTIFY: Apply Y F - ma to the frame. 

SET L’P: Let w h: the w eight of the frame. Since the two wires make the same angle with the vertical, th: tension 
is the same in each wire. T - 0.75w . 

Execute: The vertical component of the force due to the tenuon in each wire must be hilf of the weight, aixl 
this in turn is the tension multiplied by the cosine of the angle each wire makes with the vertical. -— co%0 


and 0 - arccos i - 48° . 

Evaluate: If 0 - 0°. T - w/2 and f-t x as 0 -+ 90° . Therefore, there must be an angle where T - 3w/4 . 





Applying Newton's Laws 5-3 


5.6. lDF.vim: Apply Newton’s 1st law ti> the car. Tlx forces arc the same as in Lxample 5.5. 
SET Up: The free body diagram is sketched in Figure 5.6. 


L\»t l TL: 



I />»>•<. 


fcos a - «sin a - 0 
rcosr/ - »i sin a 

preosr/ + Tsina- w— 

r;cosr/ t Faina - w 


Figure 5.6 


The first equation gives n - 7 l_liL 

sin a 


l.’se this in the second equation to eliminate ji 


k*iw<z -t rsin a - M 


Multiply this equation by sm a: 

Ticos* a + san* a) = wsina 

r - itsin*/ (since cos* a -t sm* a - 1 ). 

cos a 1 . I cosr/ I 

Then n - J - - tesma - - wcosr/. 

\ smrt j v »n« ) 

EVALUATE: These results are tlx same as obtained in Example 5.5. The choice of coordinate axes is up to us. 
Sonx choices may mike the calculation easier, but the results are tlx same foe any choice of axes. 

5.7. IDENTIFY: Apply Y/ -ma to the car. 

s»:r Up: Use coordinates with -frx parallel to the surface of the street. 

Execute: -0 gives T=wnna. F^nyfsin^sOJWkgK^ROms^sinlT.S^ss^lOxlO* N . 

EVALUATE: The force required k less thin the weight of the car by the factor sin a . 

5.8. Ideyiify: Apply Newton’s 1st law to the wrecking ball. Each cable exerts a force on the ball, directed along the 
cable. 

SET UP: The force diaujuni fee tlx wrecking ball is sketched in Figure 5.8. 


T mAif 


TmiMt 


Execute: 

(« X'\ - 


1 inure 5.8 


14<t—0 Itg „ *>. KO ,'•**'> , S 23« I0 ‘ N 
cos«40° co4CT 

<b> JV. -ma, 

T,sin4(r-r, =0 

r 4 = r f Hn4ir-3.36x|0* N 

EVALUATE: If the angle 40" is replaces by 0° (cable B is vertical L then T y - mi? and T % - 0. 
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5.10. 


5.11. 


IDENTIFY: Apply V F - m *i to the object and to the knot where the cords are joined. 

SET UP: Let +y be upward and ** be to the nght. 

Execute: (u) r. - w % 7. sin30’ + 7*.sin45 : bT- m; and 7\cos30-- 7\cos45 : -0 Since sin45°- cos45*. 


adding th: last two equations gives F.(cos30° + sin30 9 )- w f and so T 


-0.732»v. Then, 


r ^_ r co^O__0 M7(( . 

cos4S 

(b> Similar to part fa). T - w. - 7\cos60 : t- 7*.sin45° - w. and 7\sin60°-r.cos4S°-0. 



Vf sin 60 ° 

Addins these two equations, T -2.73w. and 7\ - T -- 3.35w. 

(sinhO -cosbOT * cos45 p 

EVALUATE: In part fa). T t > w since only the \crtical components of T a and T v hold the object against 
gravity. In part (b). since T t has a downward component T M is greater than ic. 

IDENTIFY: Apply Newton’s first law to the car. 

SET Up: Use .v and y coordinates that an: parallel and perpendicular to the ramp. 

EXECUTE: (u| The tree-body diagram for the car is given in Figure 5.10. The vertical weight vv and the tension 7* 
in the coble have each been replaced by theirx and y components. 

<l»> V F -Ogives T cos31.0’ - vvsin 2S.0 ; -Oand T - » ' in ~ ? 1 
^ cos 3 1.0 


(1130 kg)f9.80 mS 1 -5460 N . 

cos3l.fr 

(c) ^F, - 0 gives n + 7*sin 31.0° - iveas 25.0° - 0 and 

n * ucos25.0°- rsin3l.0 i ^ (1130 kg|(9.S0 ms ; )cos25.0 o -<5460 N) sin 31.0*» 7220 N 

EVALUATE: We could also use coordinates that are horizontal and vertical and woukl obtain the same values of n 
and I 


Figure 5.10 

IDENTIFY: Since the velocity is constant, apply Newton's first law to the piano. The push applied by th: nun 
must oppose the component of gravity down the incline. 

SET UP: The tree-body diagrams for the two cases arc shown in Figures 5.1 la and b. F is the force applied by 
the man Use the coordinates shown in the figure. 

Execute: la) £F. =0gives F-wsinll.0* = 0and F - fISO kg)9.S0 mS^sinl 1.0* = 337 N . 
fb) £f - 0gives /icosl 1.0 °-h =0 and n -. ]£F = 0 gives F - nsin 11.0° - 0 and 


F 


11.0*- titan 11.0*-.113 N. 
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5.12. 


EVALUATE: A slightly greater force is required when the rmn pushes parallel to the floor. It*the dope angle of 
the incline wen: larger, sinr/ and tan <t would differ more and there would be more difference in the force needed 
a: each cum:. 




[idv* pii:f l.*l li» 


Figure 5.1 la. b 


iDEVim: Apply Newton’s 1st law to the hanging w eight and to each knot. TT»c tcnsxm force at e»:h end of a 
stnng is the same. 

(a) Let the tensxin* m the three strings he 7*. T\ and T" % as shown xn Iil’utc 5.12a. 



Figure 5.l2u 

SET L’P: The freebodv diagram for the block is given in Figure 5.12b. 


t 


Execute: 

S': «° 

r-n=o 

r - ir-6o.o s 


Figure 5.12b 

SET L 7 P: The free bodv diagram for the lower knot is given xn Fieurc 5.12c. 



Execlte: 

I '>0 

7nn4S°-7~»D 


sin 45° sin 45 
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5.13. 


5.14. 


(hi Apply Y F t - 0 to the force diagram for the lower knot: 

F 3 = 7*cos45° = (H4.9 N)cas45° = 60.0 N 

SET L T P: The free body diagram for the upper knot is given in Figure 5.12d. 

EXECUTE: 

I />0 
r eo*45 o -f;=o 
F x - (84.9 N)co*45 
E - 60.0 N 


Note that F x => F y 

Evaluate: Applying - 0 to the upper knot gives 7~ - 7xm45° - 60.0 N - m. If we treat the wbofc 
system as a single object. the force diagram is given in Figure 5.12c. 




Y/\ - 0 gives F. - F l% which checks 
Y,F. - 0 gives T - w. which checks 


IDENTIFY: Apply Newton’s first law to the ball. The force of the wall on the ball and the force of the hall on the 
wall arc related by Newton** thin! law. 

SET UP: The forces on the ball are its weight, the tension in the wire, and the normal fence applied by the wall. 

To calculate the angle 0 that the wire makes with the wall, use f igure 5.13a. sin 4-and 0 - 20.35° 

46.0 cm 

EXECUTE: (a) The frec-bodv diagram is shown in Figure 5.13b. Use the x and v coordinates shown in the figure 

Yf - Ogive* rc,-H- a 0 »d r --2—- f 45 0 kg M9 Wl _ 470 n ’ 

^ ' cos^ cos20.35 

(b> ^F t - Ogives 7\sin^-it -0 . n -(470 N)sin20.35°- 163 N . By Ncwtccf*third law. th: force the bull 
exerts on the wall is 163 N. directed to the right. 


Evaluate: rr 


cos^ 

decreases and n decreases. 


kin^ - wtand . As the angle ^decreases (bv increasing the leneth of the wircL T 


30 cm 




_ 


Figure 5.13a, b 

Identify: Apply Y/’* - ma to each block, a - 0 . 

SET UP: Take +v pcnvnibcular to the incline and +x turallcl to the incline. 
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5.15. 


5.16. 


EXECUTE: He frre-body diagrams for exh block. A and B . arc given in Figure 5.14. 
(a) For B. Yf - tfitf. give* 7] - wsinr/ - 0 and 7[ - wsina . 

|b) For block A . = nw, give* 7] - T 1 - wsinr/ - 0 and 7*% - 2^ sin a . 

(c) Yf. - ma t for each block gives n A -1 


M COStZ . 


Id) For a-tO, T x -7^ — ♦ 0 and n t - n y — > w . For a -* 90*. 7[ - w, T 2 - 2w and ;i, - n g 
EYAl.l ATE: The two tensions arc dilTcrcnt but the two normal force* arc the sanx 






Figure 5.14a. h 


IDES lin: Apply Newton’s firxt law to the ball. Treat the ball as a particle. 

SET Up: The forces on the hall are gravity, tlx tension in the win: and the normal force exerted by the surface. 
The normal force is perpendicular to the surface of the ramp Use .x and t axes that an: horizontal and vertxal. 
EXECUTE: (u) The tree-body diagram for the hall is given in Figure 5.15. The normal force has been replaced by 
its .r and v continents. 

<b) V F -Ogives /jcos 35.0 ; - n* = 0and ;j -——- 1.22m? . 

~ * cc*35.0 

(c) JV. - Ogives T-nsin 35.0° - 0 and T -( I.22/m c ? I sin 35.0° - O.TOOw# . 

EVALUATE: Note that the nonml fcece is greater than the weight, and increases without limit as the angle of the 
ramp increases towards 90". The tension in the wire is wtan^. where d w the angle of the ramp and T also 
increases w ithout limit as ^ ~> 90°. 



IDEVIIFY: Apply Newton's second law to th: rocket plus its contents and to the power supply. Both the rocket 
and the power supply have the same accclcratxm. 

SET UP: The free body diagrams 6>r the rocket and for the power supply are given in Figures 5.16a and b. Since 
the highest altitude of the rocket is 120 m, it is nejr to the surface of th: earth and there is a downward gravity 
force on each object. Let +y be iqnvand. since that is the directxm of the acceleration. The pow er supply has 
mao m„ ^(155 NW9.80 mb')>1.58 kg 
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5.17. 


5.18. 


EXECUTE: (u) ]T F, = applied to the rocket give* F - m,g - m t a . 
a l?2<»N-ll25kgi|9.M)mO 3 *^, 

« 125 kg 

(b) ^/*. - flftJ. applied to the power supply gi\ts n -m^g - . 

n -*V»(£ + 0 ) -(1.58 kg >9.80 nVs 1 + 3.96 nVs‘) - 21.7 N . 

Evaluate: The acceleration is constant while the thrust i.s constant and the normal force i.s constant while the 
acceleration is constant. The altitude of 120 m is rxit used in the calculation. 



Figure 5.16a. b 


INN11FI: Use the kinematic information to find the acceleration of tlx capsule and the stopping time. Use 
Newton's second law to find the force /-’that the ground exerted on the capsule during the crash. 

SET Up: Let +y he upward. 311 km h - K6.4 in s . The fnre-body diagram for the capsule is given in 
Figure 15.17. 

Execute: y-y a - -0810 m . = -86.4 nvX. i -0. v\ - if+ 2a.(>—j-.> give* 


0-(-S6.4 ink) 1 


- 4610 m* 1 =470? . 


2 |v-v.) 21-0.810) m 

(b) Vf - mi applied m the capsule give* F - mg - mu aixl 

Fnmfg -» a) = <210 kgX9.K0 m /% 1 4610 m* J > = 9.70* 10' N = 47In. 

,, (v,, ii,' . 2<v- v.) 21-0.810 ml 

|c> v - v, = - t give* /--- 0.0187 * 

( 2 ) t,._ r v, -86.4 mV * 0 

EVALUATE: The ipwan) force exerted by the gnxmd is much larger than the weight of tlx capsule jnd stops the 
cjpsulc in a short amount of time. After the capsule has come to rest, the ground still exerts a force m# on the 
capsule, but the large 9.<Ox 10' N force is exerted only for 0.0187 s. 


4 


Figure 5.17 

IDENTIFY: Apply Newton’s sccccid law* to tlx three sleds taken together as a composite object and to each 
individual sled. AH three sleds have the same horizontal acceleration a. 

SET UP: The tree-body diagram for the three sleds taken as a composite object is giv*cn in Figure 5.1Sa and for 
each individual sled in Figure 5. IHb-d. Let -t.r be to the nght. in the direction of the acceleration n\ ux — 60.0 kg 
Execute: (u| /\ - ma t fee the three sleds as a composite object gives P - m ul a and 

r 125 N 
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5.19. 


(b) - ma t applied to the 10.0 kg xlcd gives P-T A - m^a and 

T a -P-m lt a - 125 N -(10.0 kg)(2.0S m x*) -104 N. yF. -ma, applied t»> the 30.0kg sled gives 
T d - m M /i ^ (30.0 kg 1(2 08 mV) - 62.4 N . 

Evaluate: If we apply y F - aw to the 20.0 kg sled and calculate a from T t and T found in part (b). we get 
7*. - T A - M. t a . a - —■——--—-— 2.OK mi*. which agrees with the value we calculated in part la). 




' 



u 


a 


4V|| 




P >0 


ft 


aim* 




lOJHcdcd 


iO.Oke 


HLOkerfed 


Figure 5.18a d 

IDI.M1FY: Apply y / - ma to the load of bricks and to the counterweight. The tension is the xanx at each end 
of the rope. The rope pulls up with the same force IX) on the bricks and on the counterweight. The counterweight 
accelerates downward and the bocks arcdcratc upward: these accelerations have the same magnitude. 

(a) SET UP: The free-body diagrams for the bncks and counterweight arc given in f igure 5.19. 


Lr 





Hkk% wunkr*fpt 

Figure 5.19 

(b) EXECUTE: Apply y F - nuj f to each object. The acceleration nugiulixle is the xanx for the two objects. 

For the bricks take +v to he upward xiixc a fee the brxks is upward. For the counterweight take +y to he 

downward since a is downward 

bricks: y F - nta 

T - m t g - m x a 

counterweight : y F - trxj 

itf 2 g - r - m : a 

Add these two equations to eliminate T: 

(m, - m , )g - (ar. + m, I a 


„ 28.0 kg -15.0 kg 

15.0 kg. 28 0 kg 


(9.H0 mV') = 2.96 m*‘ 


(c) T-m { K-m x <2 gives T - 01,(0 r g) - (15.0 kg)(2.96 m s’ ♦ 9.80 m s J ) - 191 N 
As a cheek, calculate T using tlx other equation. 

/w.tf -T - m.a gives T - -a)- 28.0 kg(9.S0 m's J - 2.96 ixvs*) - 191 N\ which checks. 
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5.20. 


5.21. 


EVALUATE: The tensaoa is I JO times the weight of the brxks; this causes the bricks to accelerate upward. The 
tensicei it 0.6% times th: weight of the counterweight: this causes the counterweight ti> accelerate downward If 
m l - a - 0 and T - m t g - m,g. In this special case th: objects don’t move. It" m - 0 . a - g and T - 0; in 
this special case th: counterweight is in tree fall. Our general result isconcct in these two special cates. 
IDENTIFY: In part (a) use the kinematic information and the constant acceleration equations to ealculatc the 
acceleration of the ice. Thm apply V /’ " ma . In port hi u« V F “ md to lind the acceleration and use this in 
the constant acceleration equations to find th: final speed. 

SET L’P: figures 5.20a and b give the free-body diagraint fee the ice both with arel without friction. Let +a be 

directed down the ramp, so +y is perpmdacuLar to the ramp surface. Lei f be the angle between the ramp and the 

horizontal. Th: gravity force hat been replaced by its .r and y components. 

Execute: (u| x-x t -1.50 m , v § . - 0. v, - 2SO m s. v; = gives 

v’-il, (2.50 nii's> £ — 0 v.- • . , . . a 2.0S m,'i ! 

a -—--— - 2 -0S m s . > t - ma mves wrsind - /: and sin* -- 

4 2(x-x > ) 2(1.50 m) ^ ‘ 4 g 9.H0 m's" 

0 = 12 . 3 °. 

(h) y \F m - an a, gives Digsin^-/sfflaand 

mgs ind-/ (8.00 kg)9.S0 mV) sin 12.3*-10.0 N 


Then r -x c . -1.50 m . iv - 


0.838 mV. 

8.00 kg 

. - 0.838 m s’ and i j = r 2a ix - x, > gives 


v. - % t2<T.(*-*,» - ^2(0.838 m's 1 )(1.50 ml ^ 1.59 ms 
EVALUATE: With friction present the speed at the bottom of the ramp k las. 


V 




Figure 5.20a. b 

IDENTIFY: Apply V F *“ ma to each block. Each block has the same migiutude of acceleration a. 

S»:r L’P: Assume the pulley is to the right of the 4.00 kg block. There is iw friction force on the 4.00 kg Mock, 
the only force on it is the tension in the rope. The 4.00 kg block tlvreforc accelerates to the right and th: suspended 
block accelerates downward Let + x be to the right for the 4.00 kg block, so for it a K - a . and lei -fv be 
dowmvard for the suspended block, so tor it a t - a . 

Execute: (u) The tree-body diagrams for each Mock are given in Figura 5.21a and b. 

(b> ]Tf’. - ma, applied to the 4.00 kg blcek gives T - (4.00 kg to and a - ^ ^ |^ ^ -2.50 m s’* . 

(c| - ma r applied to the suspended block gives mg -T - ma and 

T 10.0 N .... 

m- --- ■ 1.3? kg . 

g-a 9.80 m s' -2.50 ms* 

(<I| The weight of the hanging block is mg - (137 kg K 9-80 ms’) - 13.4 N*. This is greater thin the tension in the 
rope; T - 0.75mg . 
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5.22. 


5.23. 


EVALUATE: Since Ihc lunging block accelerates downward. the net force on this block must be downward and 
the weight of the hanging block must be greater than the tension in th: rope. Note that th: blocks accelerate no 
matter how small in is. It is not necessary to have m > 4.00 kg. and in fact m thrs problem in is less than 4.1X1 kg 


v »- 


u 1 


’ ■ 


F igure 5.21a. b 

iDIAIltY: (al Consider hath gliders together as a single object, apply Y /’* - fna . and solve for a. Use a in a 
constant acceleration equation to find the required runway length. 

(b) Apply Y - ma to the second glider and solve for the tension 7* ( in the tovvropc that connects the two 
gliders. 

SKT L t P: In part (ah set the tension T. in the tovviope between the plane and the first glider equal to its maximum 
value, j;- 12.000 N. 

EXECUTE: (u> The frcc-body diagram fee both gliders as a single object of mass 2 m - 1400 kg is given in Figure 

5.22a. V f - ma givw T -2f -<2Mia and a ■■ LzlL 111 " — 5.00 m'* ! . Then 

Z. - - 6 • ' 2m 1400 kg 

a - 5.00 ml'. v,, = 0 and v - 40 mb in i j = r 2a [x - t,) give* (.v-x,>- - 160 m 

M 

(l>T The frcc-body diagram fee the second glider is given in Figure 5.22b. 

£/*. - ma, gives T*-f = ma and T~f + ma^ 251X1 N * (700 kgK5.00 mV) - 6000 N . 

EVALUATE: Wc can verify that Y = mu 4 is also satisfied for the first glider. 


! 2n« 

Figure 5.22a. b 

iDUVUTY: The maximum tension in the chain is at the top of the chain. Apply A' - ma to the composite 
object of chain and boulder. Use the constant acceleration kinematic equations to relate the acceleration to the time. 
SKT UP: Let -f y be upward. The frcc-bodv diagram for the composite object is given in Figure 5.23. 
F»2.50 h^. +«***« 1325 kg. 

r- g 2.50m . e - m^g I 2.50m. 


EXF.Cl’TFc (u) Y/\ - tm. gives T -m^g - m 






" 






2.50|5?5 kg| 
1325 kg 


-I (9.80mb-’) = 0.832nv’s 1 . 
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(b) Assume the acceleration has it* maximum value u. -0.832 m s', v-y c - 125 m and v,. -0 . 

y - v. = v / + ~a /' gives I = a , 

' ' * ‘ ' Y a % V0.832 mV 

Evaluate: The tenwm in the chain is T - 1.41 x 10 4 N and the total weigh! is 1.30k I0 4 N . The upward force 
exceeds th: downward force and the acceptation is upward. 


Figure 5.23 

5.24. iDLVIltY: Apply V F ' - »ia to the composite object of elevator plus studmt (m k4 - S50 kg ) and also to the 
student (n-550 N ). The elevator and the student have the same acceleration. 

SET UP: Let +y be upward. Tlie free-body diagrams for the composite object and for the student are given in 
Figure 5.24a and b. T is the tension in the cable arc! it is the scale reading, the normal force the scale exerts on the 
student. The mass of th: student is m - wfg - 56.1 kg. 

Execute: la) - rrxj applied to tlie student gives n - mg - met ,. 

a - 1—ill * N -Ull -1.78 mV . The elevator has a downward acceleration of 1.78 m.'s J . 

' ** 56.1kg 

670 N-550 N . 

<b> tf, ■ - - 2.14 mV . 

56.1kg 

(c) n - 0 means a t - —g . The student should worTy; the elevate* is in free-fall. 

(d) £/•* - /TftJ. applied to tlie composite object gives r-« M g - m^a . T - + g). In part (al. 

r a(S50 kg)(-l.78 xoti‘ + 980 m’*')* 6820 N. In part (e) a, --g and T -0. 

SVAIHIf: In pan lb). T - <850 kg 1(2.14 ml'r 9.80 mV) - 10.150 K . Hie weight of the composite object is 
8330 N. When the federation is upward the tension is greater than the weight and when the acceleration is 
downward the tension is less than th: weight. 


Figure 5.24a. b 

5.25. IDENTIFY: Apply V F - ma to the puck. Use the information about th: motion to calculate the acceleration. The 
table must slope downward to th: right. 

SET UP: Let a h: th: angle between th: table surface and the horizontal. Let the +x -axis be to the right and 
parallel to the surface of the table. 

EXECUTE: gives m^sina - mu t . Th: tim: of travel for the puck is Lf\\ , where L - 1.75 m and 

v - 3.80 m s . x - x - i / ♦ Lj /* gives a - — - - , where x - 0.0250 m. wnw-— ~ - V - 

* L 8 8 *-‘ 

I (9.80 m/s'1(1.75 m) 1 I 


1.38= . 
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5.26. 


5.27. 


5.28. 


EVALUATE: He table is level in the direction along its length, since Ibe velocity in that direction is constant The 
angle of slope to the right is small, so the acceleration and deflection in that direction are small 

Identify: Acceleration and velocity arc related by a, --. Apply Yf ■ nuv to the rocket. 

di 

SKI Up: Let be upward. The tree-tody diagram fee th: rocket is sketched in Figure 5.26. F is the thrust 
force. 

Execute: tut v - At -+ Br. a - A + 2& . At t - 0 . a- 1.50 ots* so A - l .50 m s*'. Then v - 2.00 ms at 
(= 1.00 1 give*. 2.00 nvt - (1.50 nv*’ Kl.W *)* fl(1.00 t) 1 ar*l - 0.S0 m.'i'. 

(b) At t - 4.00 s. a, = 1 JO m»’ - 2(0.50 mfr‘)<4.00*) = 5.50 m* ! . 

(c) - mu. applied to the rocket give* T - mg - mu and 

T = m(o*g)-(2S40kg)(9.80 mfc 1 + S.50= 3.89 k 10* N. r = I.S6«. 

<d> When a - 1.50 nv'»‘. T - (2540 kgllO.SO n'i 11.50 m.'*’) = 2.S7. 10* N 

EVALUATE: During. the time interval when i</> - -1 1 * H/' applies the magnitude of the acceleration is increasing, 
and the thrust is increasing. 



Figure 5.26 


IDENTIFY: Consider the forces in each case. There is the force of gravity and the forces from objects that touch 
the object in qucstxin. 

SKI UP: A surface exerts a normal force perpendicular to the surface, and a friction fcecc. parallel to the surface. 
Execute: The frcc-hcdy diagrams arc sketched in Figure 5.27a*c. 

EVALUATE: Friction opposes relative nxition between the two surfaces. When one surface is staticeiary the 
friction force on the other surface is directed opposite to its motion. 





Figure 5.27a c 


IDENTIFY: /, £ //.« and f K - j\n . The normal force n is determined by applying F - ma to the block 


Normally. . f K is only as large as it needs to he to prevent relative motion between th: two surfaces. 

SKI UP: Siixc th: table is horizontal. with only the block present n = 135 N . With the brick on the 
block, n - 270 N . 

EXECUTE: (u) The friction is static Uk P - 0 to P - 75.0 N . ITic friction is kinetic for P > 75.0 N . 

<h> Tlic maximum value of / t is p n . From the graph the maximum is - 75.0 N . so 



75.0 N 
1.15 N 


0.556. f % 


From the graph. f \ - 50.0 N and ^ 


50.0 N 
115 N 


- 0.170. 


(cl Wlien the block is moving the friction is kinetic and has the constant value / k - pji. independent of /. This is 
why the graph is hon/ontal for P > 75.0 N . W hen th: block is at rest. / - P since this prevents relative motion. 
This is why the graph for P< 75.0 N has slope +1. 

(d) max f % and woukl double. The values of/on th: vertical Axis would double but the shape of the graph 
would be unchanged. 

Evaluate: The coefficients of friction are independent of the normal force. 
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5.29. (a) IDENTIFY: Constant speed implies a -0. Apply Newton's 1st law lo the box. The friction force is directed 

opposite to the motion of the box. 

SET L t P: Consider the free-body diagram for the box. given in Figure 5.29a. Let t' be the horizontal force 
applied by the worker. The frxtion is kinetic friction since the box is sliding along the surface. 


IT - 0 


5>. 

F-A-o 

F ^ A = A.*g = (0.20X11.2 IgXO.SO mV) = 22 N 

<b> IDEMIFY: Now the only horizontal force on the box is the kinetic friction force. Apply Newton's 2nd law to 
the box to calculate its acceleration. Once we have the acceV^ation. we can find the distance using a constant 
acceleration equation. The friction force is f k - // k /wg. just as in part (a). 

SET UP: The free body diagram is skcichcd in Figure 5.2%. 

Execite: 

Z r - = ""- 

-/. =»«*. 

a. - ~KK = -<0.20)f9.80 mV)- -1.96 mV % 



Execute: 
'LF^ma. 
n - mg - 0 
it — mg 

So f t * 



Use the constant acceleration equations to find the distanre lb: box travels: 
v 4 - 0. v §> =3.50 m s. = -1.96 m s 2 , x-s^-1 

0-(3.50 ms) 2 , . 

x-x.- — ---3.1m 

4 2a, 2<-1.96 mV) 

EVALUATE: The rvurnal face is th: component of force exerted by a surface perpendicular to the surface. Its 
magnitude is determined by - md. In this ease it and my are the only vertical farces and a t - 0. so n - my. 
Also note that / k and n are proportion*! in magnitud: but perpendicular in direction. 

5 JO. IDBMIFY: Apply V /•* - ma to the box. 

SET UP: Sirxc th: smly vertical forces are n and »»\ the normal fcecc on the box equals its weight. Static fraction 
is as large as it needs to be to prevent relative motion between the box and the surface, up lo iLs maximum passible 
value of /;~ = fj % n . If the box is sliding then the fraction force is / t = . 

EXECUTE: (u) If there is no applied force, no friction force is needed to keep th: bax at rest. 

<b) - W - (0.40X40.0 N | - 16.0 N . If a borrzonial force of 6.0 N is applied to th: bax. then f = 6.0 N in 

the opposite direction. 

<c) The monkey must apply a force equal to //“* . 16.0 N. 

<<l) Once tlie box has started moving, a force equal to f t - - 8.0 N is required to keep it moving at constant 

velocity. 

EVALUATE: ^ < //. and less force must tv applied to the box to nxuntain its motion than to start it moving.. 
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5.31. 


5.32. 


5.33. 


Idlyiify: Apply V F - ma to the cnitc. /, S // t n and f k - . 

SET UP: Let + y bo upward ami let be in the direction of the push. Since the floor is horizontal and the push 
is horizontal, the norrml force equals the weight of the crate: n - mg - 441 N . The fonre it takes to start the crate 
moving equals inax / and the force required to keep it moving equals f k 

Execute: max f -313N .so u - -li—1 0.710. fa 208 N.so u -0.472. 

4 441 N A 441 N 

<h) The friction is kinetic. - mu, gives F-f k = ma and F - f k -f ma a 208 + (45.0 kg)(l .10 m's 2 ) - 25S N . 
(c> (it The normal force now is mg - 72.9 N . To cause it to move. F - max / - - <0.710X72.9 X) - 51.8 N. 


.... ~ e . F-f k 258 N - <0.472X72.9 N> . . 3 

n> / - f -t ma and a -—-4.97 m s 

45.0 kg 

Evaluate: The kinetic fnction force is independent of the speed of the object. (>n the muon, the mass of the 
crate is the same as on earth, hut the weight and normal force are less. 

iDLMltY: Apply V /’* - ma to the box and calculate the normal and friction forces The coefficient of kinetic 

fnction is the ratio 1l . 

n 

SET UP: Let +x he in the direction of motion. a, - -Q.9Q mfe J . The box has mass 8.67 kg. 

Execute: The normil force has magnitude 85 X -f 25 X = 110 N. The fnction force, from - f k - ma is 

4 = F u “- 20 N -<8.67 kgX-0.90 m.'s J ) = 28 N . ^ - £1!L - 0.25. 

EVALUATE: The muinal force is greater than the weight of the box. because of the downward component of the 
push force. 

IDENTIFY: Apply V F - ma to the composite object consisting of the two boxes and to the top box. The friction 
the ramp exerts on the Iowct box is kinetic fnclion. Tl>: upper box doesn’t slip relative to the lower box. so lb: 
friction between the two boxes is static. Since th: speed is constant th: acceleration is mo. 

SET UP: Let + x he up th: inrline. The frec-hody diagrams for the composite object and for th: upper hox arc 

eiven in Fiuures 5.33a and b. The slope ancle # of th: ramp is given by land - ——— .so d- 27.76". Sirxc the 

4.75 m 

boxes move down the ramp, the kinetic friction fbcec exerted on the lower hox by the ramp is darrcted up the 
incline. To prevent slipping relative to the lower box the sialic friction force on the upper hox is directed 131 the 
incline. m„ - 32.0 kg t- 48.0 kg - 80.0 kg . 

EXECUTE: <U 1 F. - ma, applied to the composite object gives n M - m fc 4 gcos# and / - os#. 

" ma ■ S' vc: /• * r - nl .iR*' n ^- Oaiid 

T -(tin27.76“-|0.444]i:o»27.76 : )(R0.0 kgH9.S0m*’)-57.1 N . 

The pcrscei must apply a force of 57 .1 X. directed up the ramp. 

(b) - ma, applied to the upper box gives / - mi?sin# - (32.0 kgX9.80 ms* 1 sin 27.76° - 146 N . directed up 

the ramp. 

Evaluate: for each object the net force is zero. 




Figure 5J3a. b 
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5.34. 


5.35. 


536. 


IDEMITY: Use y- mui lo find th: arccleration that can be given lo the car by the kiixtic friction force. Then 

use a constant acceleration equation 

SET UP: Take +.r in the direction tlx car is moving. 

EXECUTE: (at The free*body diagram for the car is shown in Figure 5.34. - ma. give* n - mg . 

£/’ Bma a gives -f\n - ma t . -f\mg - ma t and <i, - -/\g Then v 4 -0 and vj = + 2a t (x- a-) give* 

|29lm ' t>: _54.0m. 

2*, 2i/.i; 2(0.S0H9«0mV> 


[(>) v a< - v »2« i s(*-.<;,| = ^210.25X9.80 ntV'*54.0 ml - 16 3 m\ 

Evaluate: For constant stopping distance —is constant and v.. is proportional to JIT . The answer to 

K 

part <b) can be calculated as (29.1 m. s wto.25/0.80 -16.3 m s . 


* "Ft 


r ms 

Figure 5-34 

IDENTITY: Foe a given initial speed, the distance traveled is inversely proportional to the coefficient of kinetic 
friction 

SET Up: From Table 5.1 th: coefficient of kinetic friction is 0.04 for Teflon on steel and 0.44 for brass on steel. 

044 

Execute: The ratio of the distances is —— -II. 

0.04 

Evaluate: The smaller the cccflicient of kinetic friction the smaller the retarding force of friction, and the 
greater the stepping distance. 

IDENTITY: (’enstant speed means zero acceleration for each Mock. If the block is moving the friction force th: 
tabletop exerts on it is kinetic friction. Apply y- nui to each block. 

SET UP: The free body diagrams and choice of coordinates for each block arc given by Figure 5.36. 
i* t - 4.59 kg and = 2.55 kg . 

EXECUTE: (u) Jr/ 7 , = itxj % with a t - 0 applied to Mock B gives m k g - T - Oand T - 25.0 N . Y^F, - ma. with 

a, - 0 applied to block A gives T - f t - 0 and / k - 25.0 N . n t -m,g - 45.0 N arxi ;/ k - — - ^ ' * ■ - 0.556 . 

n g 45.0 N 

(to) Now let A he block A plus the cat. so m A =9.18 kg. n A = 90.0 N and f t ^ fi,n - (0.556 W90.0 N> - 50.0 N . 
T h\ - nii7 ( fee A gives T - f t - m . y F t - ma t for block B gives m A g - T - m^a . a, for A cq tails a, for B. 

so adding the two equations gives m k g -/ k - |/w. -t m. fcj and a - ——-- ---— -2.13 nvV . 


•i.tuL 9.IS kg t- 2.55 kc 


Tile acceleration is upward and block B slows down 




5-37- 


Apnlving Newton's Laui 


5-17 


Evaluate: The cquatxm tN M g -/ k - ( m A + »i k ki. has a simple interprclatxKV If Kith blocks are considered 
togctKr tKn there arc two external forces: nt A g that acts to move the system ooc way and that acts oppositely. 
The net force of m.v - /. must accelerate a total miss of ui t ♦ m A . 


•A 


and force T to the left 



Figure 5 M 

Idem it\: Apply V/•* - /wo to each crate. Tlie rope exerts force T to the right on crate A 
on crate B. Th: target vanahfes are the fences T and F. Constant * implies a - 0. 

SET L’P: The free-body diagram for A is sketched in Figure 5.37a 

Execute: 


I' - . 

Wu-0 

T -K m ,8 

SET UP: The free*body diagram for B is sketched in Figure 5.37b. 

v 

Execute: 

Y. F - 

,S=0 

/u = P.". - P.m.ff 

Figure 5J7b 

f -r-/u»o 

A’ - T * 

Use tlie first equation to replace T in the second: 

(a) r = 

|h> r-fi^m,g 

EVAUItlE: Wc can abut consider both crate* IdjciIkt * a litiL'fc object of mass <ui, + m,). f. - mu. for 
this confined object gives F - L = A (w. + /w. )i?, in agreement with our answer in part I a t. 
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5JI 


5.39. 


5.40. 


5.41. 


Identify: / - //,«. Apply £ f ™ u> thc !irc 
SET Up: a - mi? and f -ma . 

EXECUTE: a --—. where /. ts the distance covered before the wheel's speed is reduced to half its original 


speed and v*v/2 . u -1 - I*_L - - llL . 

§ • £ 2Lg 2 Lg SLg 

Lw pressure. /. - 18.1 m and .1- 1 * '** M Sl - 0.0259 . 

8 ITS.I m 1(9.80 m s*) 

High pressure. L = 92.9 m and 2.'*" 11,11 " 1 . - 0.00505. 

8 <3.50 rn.'s)* 

EVALUATE: it is inversely proportional to the distance C so -—- - — 

Aj A 

IDENTIFY: Apply V F - ma to the box. Use the information about sliding to calculate tlx irass of the box. 
SET UP: f K - ji t n , f % — //.* and n - mg . 

EXECUTE: Without the dolly: n - mg and F - fj k n - 0 I a k - 0 since sfxcd is constant). 

F 160 N 


-34.74 ^ 


A? (047)(980 m/x*) 

With the dolly: the total mass is 34.7 kg + 5.3 kg - 40.04 kg and friction now is rolling fnctxm. / t - /i mg. 
F-fi/ag-ma. o* f = J.S2 m/* 1 . 

EVALUATE: /■. - - Itfl N ami f - u,«* - 4.J6 N . or. — - — The roJIinij friction force 11 nuKh k*s 

/. Mi 

tlun the kinetic frxlion force. 

Identity: Apply V /* - ma to the truck. Fur constant speed, a - 0 and F^ r - / . 

SET Up: / - //.* - //,mg . Let m : = 142m and Ai - 0.81/x,,. 

EXECUTE: Since the speed is constant and we arc neglecting air resistance, wc can ignore the 2.4 nVs, and F^ t in 
the hon/ontal direction must be /en>. Hxreforc f t - //./? - F Uu - 200 N before the weight and pressure changes 
arc made. After tbc changes* (0.8 l/i. ) (142*) - F tmti , because the speed is still constant and F m -0 . Wc can 

simply dwide the two equations: ; 1 n|; ‘ 111 11 _ . 1 and (0 81) 11.42) <210 N) - T. - 230 N . 

/i,« 200 N 

Evaluate: The increase in weight increases the mwmal force and hence tlx friction force, whereas the decrease 
in fi t reduces it. The percentage iixncisc in the weight u larger, so the net effect is an increase in tlx friction force. 
IDENTIFY: Apply V /* - ma to each block. The target variables are the tensiem T in the cord and the 
acceleration a of the blocks. Then a can be used in a constant accckrration equation to find the speed of each block. 
Tlx magnitude of the acccVration is the same for both blocks. 

Set UP: Tbc system is sketched in Figure 541a. 



For each block take a positive 
coordinate direction to be the 
direction of the block's acceleration 


Figure 5.41u 
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Execute: 

A m tK n =fK m * 

= 111*7 

r_ /. “"/* 
r 

SET L t P: hanging block : THc free*body is sketched in Figure 5.41c. 

Execute: 

^F, = *u. 

/W A # “ r - IVTjff 
F = m k g - m A a 

I iture 5.41c 

(a) Use the second equation in the first 

(w, +m, )a*(t», 

a 0 <0JS>q2SkgMX On,u 079J , mS , 

2.25 kg. 1-30 kg 

SET UP: Now use the ccmstant acceleration equations to find the final speed. Note tint the blocks have the same 
speeds, v - x, = 0.0300 m. a t =0.7937 nVs\ v* =0. v t =? 
a .«i + 2*i.(x-* 1 ) 

Execute: i, - Jlu.lt - v,) - ^2(0.7937 mi'M0.0300 m) -0.2IS m i = 21.8 cm's. 

(h) r - m.n ~m,a -m,ig-a)-l .30 kgl 9*0 mV - 0.7937 mV) - 11.7 N 
Or. to check. T - ji K m t g - m a 

T - m ( Io f p k £) - 2.25 kg|0.7937 nvl‘ . (0.451(9*0 mV)| = 11.7 N, which chock*. 

Evaluate: The force T exerted by the coed has the same value for each block. T < m A g since the hanging block 
accelerates downward. Also. f k = ^ - 9.92 N. 7 > f t and the block on the table accelerates in the direction 

of 7*. 

5.42. iDEVIin: Apply V F - ma to the box. When the box is ready to slip the static friction fcecc has its maximum 
possible value. / t = p % n . 

SET Up: Use coordinates parallel and perpendicular to the ramp. 

Execute: (a) The normal force will he ltcos 0 and th: component of the gravitational force along the ramp 
is nsin 0 . Tlic box begins to slip when vs sin 0 > ^ucosTL or tan# > fj % = 0.35, so slipping occurs at 
0 - arcunl 0.35) = 19.3®. 

<l>) Wlien moving, the fnclion force along the ran^i is // k »vcos 0 . the component of the grav itational force along 
the ramp is wsintf. so the acceleration is 

(wsin0 - h/ 4 cos 0)fm = g(sintf - // k cos 0) = 0.92 m/x\ 

(c> Since v*. = 0 . lax = V* .so v = (laxf 1 .or v = |<2H0.92m/s ; K5 m>| v * = 3 ms . 

Ev aluate: When the box starts to mow. friction changes from static to kinetic and the fnclion force becomes 
smaller. 
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5-43. 


5.44. 


5.45. 


(a) IDENTIFY: Apply Y/^ - mo to the crate.Constant v implies a - 0. ('rate movingsays that the fnctKin is 
kinetic friction. The target variable it the magnitud: of the force :pplicd by the woimn. 

SET UP: The free body diagram for the crate is sketched in Figure 5.43. 
i 

Execute: 

;j - m# - Fiinfi-0 
n siii g + F%uiO 

//./‘sin 0 

Figure 5.43 

Z F - 

/*cos 0 -/ k s 0 

Ceos 0- fx^mg -/J t /’sin(? -0 

F(co%0 - //. sin(?) - //. mg 



f - 


12 »\V 


cos 0 -// k sm/7 

(b> IDENTIFY and SET l>: "start the crate moving" means the same force diagram as in out ia). except that 


u is replaced by fit . Thus F 




Execute : 


cos/7-//sine? 

X' if cos 0-fj sin0-O. This gives /j — 


•i; 


Evaluate: F has a downward component so n >mg. If 0 - 0 (woman pushes hon/ontallyh ft - Mg and 
iDiAUFY: Apply Y /* - ma to the box. 

SET L’P: Let + v be upward and -a* be hori/coital. in the direction of the acceleration. Constant speed nxans a - 
Execute: (u) There is no net force in the vertical direction, so /i ♦ Fsintf-M -0, or 
n s w- FsrnO - Mg - fsinft Th: friction force is f k - f\n - f\{mg - /'sin/7). The net liori/cmtal force 
is Fca %0 - / k - FcatO - // k (/w# - FmB) . arxi so at constant speed. 

F= ^ mg . 
cos/? t-/^ sin/? 

|b) lining tbe given values. P .W°W”„/-> >290 N. 

(cot 25 c +(0.35)%in 25*) 

Evaluate: If 0 => 0*, F ’« nmg . 

IDEVlltY: Apply Y F - mo to each block. 

SET L’P: For block B use cocedinates parallel and perpendicular to the incline. Since they arc connected by ropes., 
blocks A and B also move with constant speed. 

Execute: (u) The free-body diagrams arc sketched in Figure 5.45. 

(b) The blocks move with constant speed, so there is no net force cm blork A\ tbe tension in the rope connecting A 
and B must be equal to the fnctkmnl force on block .4. // k - (0.35) (25.0 X) - 9 N. 

let The weight of block C will be the tension in th: rope connecting B and C; this is found by considering the 
forces on block B. The components of force along the ramp arc the tension in th: first repe (9 N. from port la)), the 
component of the weight alcmg the ramp, the friction on block B and the tension in the second rope. Thus, the 
weight of block C is 

tt, -9 N♦ H,(sin36.9‘ + K cos36.9°) = 9N + (25.0 NMsin 36.9°♦(0.35Cos 36.9°)-31.0N 
The intcrnxdiate calculation of the first tension may be avoided to obtain the answer in terms of the common 
weight w of blocks A and B. w ( - r (sin/? -t // k cos/?)), giving the sanx result. 

(d) Applying Newton's Second Law to the rcmiimng misses I B and C\ gives: 

a « g{ - ji k w k ca%0 - w t sin 0)/(w* + w ?) — 1.54 m/s*. 
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EVALUATE: Before the rope between .1 aiul & is cut the net external force on the system is yen). When the rope is 
cut the friction focre cm A is removed from the system and there is a net force on the system of blocks B and C. 




Figure 5.45 


5.46. IDENTITY and SET Ut: The derivative of v f gives a r as a function of time, and the integral of i ( gives v as a 
function of tinx. 

Execute: Differentiating Eq. f5.10) with respect to linx gives the acceleration 

a = v ! £. Lr- ge |J,M \ where Eq. (5.9), v - mg fk , has been used. Integrating I-q. (5.101 w ith respect to time 




with y. - 0 Hives 


Evaluate: We can verify tliat 4*-.' dt - v . 

5.47. IDENTITY and SET UP: Apply r;q.(5.13). 

Execute: <u> Solving for D in terms of v.. /> 


us, 

V D V 10.25 kn.’m) 


(MkgMgjOny^)- 
(4’ m.i)' 


EVALUATE: i\ is less for the daughter since her mass is less. 

5.48. I din nrv: Apply - md to the hall. At the terminal spxcd. / - mg . 

SET L’P: The fluid resistance is directed opposite to tlx velocity of the object. At hilf the terminal speed. the 
magnitude of the frictniml force is one fourth the weight. 

EXECUTE: (u) If the hall is moving up. the frictional force is down, so the magnitude of the net force is (54)11* 
and the acceleration is (54)j, down. 

(h> While moving down, tlx frictional force is up. and the magnitude of the net force is (3.4)u and tlx acceleration 
is (34|g % down. 

EVALUATE: The frictional force is V»s than mg in each case and in each case the net force is downward and the 
acceleration is dow nw ard. 

5.49. iDEVIltY: Apply V F ™ Mia to one of the masses. The mass moves in a circular path, so has acceleration 

i- — . directed toward the center of the path. 

R 

SET UP: In each case. R - 0.200 m . In part fa), let tr be toward the center of the circle, so a t - . In part tb> 

let *fr y he toward the center of the circle, so a, - a t ^. + r is downward when the mass is at the top of the circle 
and +y is upward when the mass is at the bottcon of the circle. Since has its greatest possible v alue. /’* is in 
the direction of a . at both positions. 


Execute: (■> YF = magi>v* F = 75.0N»id »•-££. N»0.:CKI ji. 

* /( * /w \ 1.15 


3.61 m s. 


(h) Tlic free-body diagrams for a mass at tlx top of the path and at tbc bottom of the path are given in figure 5.49. 
At the top. - Mia t gives /•* - Mia tU - mg and at the bottom it gives F - mg + ma tti . For a given rotation rate 
and hence value of a tai . the value of F required is larger at the bottom of the path. 

(c) F - mg i mil . so-— - g and 

R nt 


, - L - g j - |(0.200 m) -l!2lL-9.KO mV - 3.33 mS 
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5.50. 


5.51. 


5.52. 


EVALUATE: The maximum speed it lets for the vertical circle. At the bnttom of the vertical path F arid the 
weight arc in opposite directions so F must exceed by an amount equal to mg. At the top of the vertical path 
F and mg are m the san»: direction and together provide the required net fcece. so /** must be larger at th: bottom. 




bcaem 

Figure 5.49 


iDEN I1f\: Since the car travels in an an: of a circle, it has acceleration - v > R . directed toward the center of 
the arc. Th: only hcei/ontal force cei the car is the static friction force exerted by the roadway. To calculate th: 
minimum coefficient of fnction that is required, set the static friction force equal to its maximum value. /* - fin . 
Friction is static friction because the car is rail sliding in the radial direction. 

SET UP: The free body diagram for the car is given in Figure 5.50. The diagram assumes the center of the curve 
is to the left of the car. 

Execute: (u| y r - mo gives n - mg . y f -ma t gives fin - ni —. fj % mg - ml— and 
* R * .'i 


V s (25.0 m s)' 


ft-T 


(9.HO m s* >220 m ! 


- o.2*;i 


(b> — - Rv - constant . so — - -1^-. v\ = v = (25.0 m si jilii— - 14.4 m s . 

ft ft, ft, Vft. V ft. 

Evaluate: a smaller coefficient of IhctKin nxans a smaller maximum frxtion force, a smiller possible 
Acceleration and therefore a smaller speed. 




" • 


it 


Figure 550 

IDENTIFY: Wc can use the analysis done in Example 5.23. As in thit example, we assume friction is nccligiblc. 


SET UP: From ILxairplc 5.23. the banking angle fl is given by tan//-— Also, n - mg: cos fi . 

65.0 mi/h - 29.1 nVs. 

EXECUTE: (a) tan p - l ~ J1 1,1 -and /J - 21.0°. Th: expression for tanfldoes not involve the mass 

(9.80 m s* X225 m) 

of the vehicle, so the truck and car should travel at the same speed. 

(b) For the car. it - ' 1 *’ r " * 1,1 ’ l.lHx 10 4 N and - 2n tm - 2.36 * 10 4 N . sirxe . - 2an . 

cos 21.0 

Evaluate: The vertical component of the normil force must equal the weight of the vehicle, so the normil 
force is proportional to m. 

I DEM in: The acceleration of the pcrscei is a ttJ - v' t R . directed horizontally to the left in the figure in the 
problem. The time for one revolution rs the period T -- Apply V F - ma to the person. 
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Si:r L’P: The person moves in a circle of radius R - 3.00 m + (5.00 m)sin 30.0° - 5.50 m. The free body diagram 
is given in Figure 5.52 F is the farce applied to the seal by the rod. 

EXECUTE: (u) = /tw gives Fca%30.(f -mg and F . JV, -ma, gives F*mM).Q°- «1- 

Combining these tsv equations gives v- ^RguaiO - ^(5.50 m 1(9.80 m s > tan 30.0' - 5.58 m s . Thm the pericxi 

_ 2tR 2.W5.50 m> , 

is T - -619s. 

v 5.58 ms 

(l>) The nel force is proportional to m so in y /* - »ia th: mass divides exit and tlx angle far a given rate of 
rotation is in&pcndcnt of the mass of the passengers. 

EVALUATE: The person moves in a horizontal circle so the acceleration is horiyontil. The net inward force 
required for circular motion is produced by a component of the force exerted on the scat by the rod. 




1 




P sin }*• 




Figure 552 

I DEN : Apply y F - via to the composite object of the person plus seat. This object moves in a horizontal 
circle and has acceleration . directed toward the center of the circle. 

SET L’P: The freebody diagram for the composite object is given in Figure 5.53. Let -t.v be to the right, in th: 

direction of . Let +y be upward. The radius of the circular path is R - 7.50 m . The total mass is 

(255 N r S25 N>/(950 mV) - 110.2 kg . Since the rotation rate rs 32.0 rex min - 0.5333 rev s . the period T rs 


-1.875 x. 


"8 


0.5333 rev's 

EXECUTE: V F -ma gives 7. cos 40.0° - ms: - Oand T 

cos 40.0" 

y F, - win. gives T t sin40.0° -f 7 rf - ntj ^.and 

4t*( 7.50 m) 


255 N + 825 N 
cos 40.0° 


1410 N . 


7 rf = m 


XirR 

T"" 7, 


40.0 - (110.2 kg) ^ —-(1410 N)sin40.0° =8370 N . 


flic tension in the horizontal cable is 8370 N and th: tension in the other cable is 1410 N. 

Evaluate: The weight of the composite object is 1080 N. The teruaon in cable A is larger than this since its 
vertical component must equal the weight, - 9280 N. Th: tension in cable ti is less than this because pan of 
the required inw ard farce comes from a component of the tension in cable A. 

V 
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5.54. 


5.55. 


5.56. 


iDEVnFY: Apply V /** " md to the button. The button moves xn a circle, so it has acceleration . 

SET UP: The situition is equivalent to that of Example 5.22. 

Execute: (at fi % - -— Expressing v in terms of tbc period f. »• - - ■ so fi % - n A platform speed of 

Kk ~ T Tv 


40.0 rev. inin corresponds to a period of 1.50 s. so u 


4.T i (0. ISO ml _ o ;69 
(1.50 n) (9.80 m/s*) 

(b) For the &imc coeHlcicnt of static friction, the maximum radius is proportional to the square of the period 
(longer periods mean slower speeds, so the button may be moved further out) and so is inversely proportional to 


the square of the speed. Thus, at th: hiuher speed, the maximum radius is (0.150 nn) 


400 


- 0.06? m. 


Evaluate: - —-—. The maximum radial acceleration that friction can give is /r./wg . At the taster rotation 

rale T h snuller so R must be smaller to keep the same. 

iDEVirn : Hie acceleration due to circular motion is a tU -— 

SET Up: R - KCCI m . 1/7* is the number of revolutions per second. 

EXECUTE: (u) Setting *i . - v and solving for the period T gives 


r - It I- - Is 


4(H) in 


■ 


r-40.1s. 


so the number of revolutions per minute is (60 s,'min)/(40.l s) - 1.5 rev; min . 

(b) The lower acceleration corresponds to a longer period, and hence a lower rotation rate, by a factor of the square 
root of the ratio of the federations. T *<1.5 rev/min) x ^3.70/9.8 - 0.92 rev/min. 


EVALUATE: In part (a) the tangential speed of a point at the rim is given by -.so 

R 


- ~ fiy. - 62.6 in s ; the space station is rotatmg rapidly. 




IsR 


The apparent weight of a perscei is the normal force exerted on him by the scat he is sitting 


on. I Its acceleration is — vtR. directed toward the center of the circle. 

SET UP: The period is T - 60.0 s. The pavsenger has miss m - wfg - 90.0 kg . 

^■< 5 . 24 ^,» e0349 —, 

50.0 m 


„ < , 2xR 2,T<50.0m) _ _ . %t 

Execute: (a) v---— - -524 m s . Note that 


(b) The free-body diagram fee the person at the top of his path is giv en in Figure 5.56a. The acceleraticei is 
downward, so take downward. Y f - mi gives wg - 1 ? = ma ^. 

n - ml g - a, u ) - (90.0 kg|)9.80 mV * 0.549 nWi 1 ) - S33 N . 

The free-body diagram for tlx person at the bottom of his path is given in Figure 5.5(to. The accclcraticoi is 
upward, so take *fy upward. £ F f - ma t gives n - wg - ma^ and n - wi g -t a ta ) — 931 N . 

(c) Apparent weight - 0 mrans n - 0 and mg - nxa ^. g - and v - yfgR - 22.1 m’s . The time for ooc 

revolution woukl be T - ~ ‘ * ' 11,1 -14.2 s . Note that i/ . - g . 

v 22 . 1 ms 

(«l> n - m(g + a (- 2 mg - 2fKS2 N) -1760 N . twice his true weight. 
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5.57. 


5.58. 


EVALUATE: At the top of his path his apparent weight is less than hrs true weigh* *hkI at the bottocn of his path 
his apparent weight is greater than his true weight. 


h 


I- 


” * 


Figure 5.56a. b 

Idi.n T1 FY: Apply V / - ma to the motion of the pilot. The pilot moves in a vertieal circle. The apparent weight 
is the normal force exerted on him. At each point d ta£ is directed tow ard the center of the circular path. 

(a) SETUP: "the pilot feels weightless" means that the vertical normal force n exerted on the pilot by the chair on 
wluch the pilot sits is zero. The force ilaaeram foe the pilot at the top of the path is given in figure 5.57a. 


n 






EXECim: 


Figure 5.57u 


Thus \ - JgR - o'(9.80 mb 1 Ml 50 m) - 38.34 m s 


I In 


v =(38.34 m>s)|-' 

10 * m/l 


-138 km h 


(hi SKT Up: The force diagram for the pilot at the bottom of the path is given in Figure 5.57b. Note that th: 
vertical normal force exerted on the pilot by the chair on wluch the pilot sits is now upwaid. 

Exect-ii: 

Z F > saa ' 


L 

Figure 5.57b 




Wm — 


This normal force is the pilot's apparent weight. 


w-700N. so tre-= 7143 kg. 

I0 l m 


i'3(280 km hi 


3600 s n km 


- 77.78 m* 


Thus 7(0 Nt 71.43 kg' ^ Sm<> „ 3580 N. 

150 m 

EVALUATE: In pari (b), n >mg since the acceleration is upward. The pilot feels h: is much heavier than when al 
rest. The speed is not constant, but it is still true that - v‘//f at c»:h paint of the motion. 

IDI.VI1FY: - V *iR . directed toward the center of the circular path. At the bottom of the dive. d tU is upward. 

The apparent weight of the pilot is the normal force exerted on her by the seat on which sb: is sitting. 

SET UP: The free body diagram for the pilot is given in Figure 5.58. 
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5.59. 


5.60. 


.. - , V . v 195.0 m s)‘ 

Execute: (a) a . - — mvcs R -- 230 m 

R h 4.00(9.80 m's) 

(b ) ]rF ( = ma, gives n - my - ma lU . 

n-m(y* a^) = m(g + 4.00*> ^ S.OO^g - <5.00X50.0 kgX9.K0 2450 N 

Evaluate: Her apparent weight is five times her true weight, the force of uravitv the earth exerts on her 


Figure 5.58 

iDIAIItY: Apply y/ - ma to the water. The water moves in a vertical circle. The target variable is th: speed 
r; we will calculate a iU ami then get r from i t- - t R 

SET UP: Consider the frce*bixly diagram for the water when the pail is at the top of its circular path, as shown in 
Figures 5.59a and b. 


-Hr 


The radial acceleration is in toward the center 
of the circle so at this point is downw ard, 
n is the downward noriml force exerted on 
th: water by th: bottom of the pail. 


Figure 5.59a 


Figure 5.59b 


Execute: 
JV - m a 

S 

n -t my - m — 


At the minimum speed the water is just ready to lose contort with the bottom of the pail* so at thrs speed, n 
(Note that the force n cannot h: upward.) 


With r? -+ 0 the equition becomes my - ml — v - Jgtf 

R 


m s* K0.600 ml - 2.42 m s 


EVALUATE: At the minimum speed - y. If v is less than this minimum speed, gravity pulls the water (ami 
bucket) out of the circular path. 

IDEAIIFY: Hie hall has acceleration - v* / R . directed toward the center of the circular path. When th: hall is 
at the hatt»5m of the swing, its acceleration is upward 

SET UP: Take +y upward, in the direction of the acceleration. The hawling ball has miss m - w/g - 7.27 kg . 

Execute: (u) - -- ’’ - 4.64 m* . upward 

R 3.80 m 

< l>> The frce-body diagram is given in Figure 5.60. - ma gives T - my - ma^ . 

r ^ mlg * a. u ) - (7.27 kgM9.S0 m'* ! -f 4 64 m *‘> - 105 N 
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EVAlilATE: The acceleration is upward. so the ivl force is upward and the tension is greater than the weight. 

y 

r t- 


Figure 5.60 

5.61. Identity: Apply V# - ma to the knot. 

SET UP: a - 0. Use coordinates with axes that arc horizontal and vertical 
Execute: (a) The tiro-body diagram for the knot is sketched in Figure 5.61. 

7] is mixe vertical so supports mcec of the weight and is larger You can also see this from - nttf, : 


(b) 7; k larger so set f - 5000 N. Then T 2 - r/1.532 - 3263.5 N . IF, - gives 
7;sin 60 ° + Fsin40 5 - w and R-6400M. 

Evaluate: The sum of the vertical cconponcntx of the two tensions equals the weight of the suspended object 
The sum of the tensions rs greater than the weight. 


Ml 



IDENTITY: Apply Y /•' “ aid to each object. Constant speed means a - 0. 

SET UP: The free body diagrams arc sketched in Figure 5.62. T is tb: tension in the lower chum. 7% is tb: 
tensiem in the upfvr chain and T - F rs the tension in the rope. 

Execute: The tension in the lower chiin balances the weight and so is oqual to u\ The lower pulley must have 
no net force on it. so twice the tension in tb: rope must he equal to w and the tension in tb: rope, which equals F, is 
w/2 . Then, the downward force on the upper pulley disc to the rope is also w % and so the upper chain exerts a focec 
is* on tb: upper pulley, and the tension in the upper chain is abo n\ 

EVALUATE: The pulley combination allow* the worker to lift a weight why apply mg a force of only w/2. 

T, 





Figure 5.62 


5.63. Identity: Apply Y F - ma to the rope. 

SET UP: Tbc hooks exert forces on the ends of the rope. At each hook, the force that the hook exerts and the 
force doc to the tension in tbc rope are an acticm-rcaction pair. 

EXECUTE: (ut The vertical forces that the hooks exert must bulanee the weigh* of the rope, so each hook exerts 
an upward vertical force of w/2 on the rope. Thetefcec. the downward force that the rope exerts at each end is 
T^rinO - w/2. » T mJ - w7(2*in0) - Mg /(2sin0). 
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5.64. 


5.65. 


(to) Each half of the rope is itself in equilibrium, so the tension in the middle must balarxc the horizontal force that 
each hook exerts, which « the same as the horizontal component of the force due to the tension at th: end; 

T c imO - T , so T =■ Mgco%OI(2nn0) - Mgf(2un 0). 




(c) Mathematically speaking, 0*0 because this would cause a division by zero in the equation for or T 
Physically speaking, we would need an infinite tension to keep a mm massless rope perfectly straight 
EVALUATE: The tensaon in the rope is not the same at all poants along the npe. 

IDEM «Y: Apply y F - ma to the combined rope plus block to find a. Then apply y F - nta to a section of 
the rope of length x. First note the limiting v alues of the tension. The system is skeiehed in Figure 5.64a. 


At the top of the rope T - F 

At the bottom of the rope T - .1/1 g -f 


0 


if 

figiro 5.64a 

SET UP: Consider the rope and block as one combitvd c^ijcct. in order 
body diagram is skeiehed in Figure 5.64b. 


calculate the acceleration; The free 


r 


Extern: 

2 *—. 

F-(A/ + m- (A/ -f nt)d 
F 


M+IW 


Figure 5.64b 

SET UP: Now consider the forces «i a section of the rope that extends a distance x < L below the top. The 
tension at the bottom of this section is 7’(.vl and the mass of this section is m{xtL), The frcc-body diagram is 
sketched in Figure 5 .64c. 


Execuh: 

F - T(x)~m(x/L}g - m(x/L)a 
T(x)= F-mixfL)g-m{xfL)o 



nix/Ln 


Figure 5.We 

Using our expression fori? and simplifying gives 


fix)-/* 1 - 


V. v 


EVALUATE: Important to chxk this result Uk the limiting eases 
.v - 0: The expression gives th: correct value of T - F. 

x - L: The expression gives T - F(M <A/ + /w)>. This should equal T - M(g + ff). and when we use the 
expression for a we see that it does. 

I DEV nn: Apply md to each block. 

SET UP: Constant speed nxans a - 0 . When the blocks arc moving, the friction force is f k and when they are at 
rest, th: friction force is f % . 

Execute: (u) The tension in the cord must be m : g in order that the hanging block mot: at constant speed. This 
tensicei must overcome friction and the component of the gravitational force along th: irvlinc. so 
m } g “( m »£ sin a + mucosa) arxl m>-/??,(sin a r fi K cos a). 

(to) In this ease, the friction force acts in the san*: direction as the tension on the block of mass . so 
m 'K -i m gsinn- Jii«\i?cosa>,or m. - ml (sin a-x/. cos a). 
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5.66. 


(c)Simikir to the analysis of puls (a) and <b). the largest n i : . could h: is n\ Tsiiw? t ;/ t cos^/> aiul the smalkst m x 
could be is ;;i <xin a-ji % cos a). 

Evaluate: In parts (a t and tb) th: friction force changes direction when the direction of the motion of 
m, changes. In put (c). for the largest w t th: static friction fonre on m, is directed down the incline and for the 
smallest m } the static frxtion force on m t is directed up the incline. 

IDENI1FY: The system is in equilibrium. Apply Newton’s 1st law to Mock A. to the hanging weight and to th: 
knot where the coeds meet. Target variables are the ts%v> forces. 

(a) SET Up: The free-body diagram for the hangim* block k given xn figure 5.66a. 


a r o 



Execute: 

- w » o 

T*- 12.0 N 


Figure 5.66a 

SET Up: The free body diagram for the knot is given in Figure 5.66b. 

Fae< liTE: 



7*>sin45.0°-f, -0 
r r 12.0 N 


un45.Q" s in 45.0' 


r. -17.0 N 


7\ cos 45.0°-7>0 
7 ; - r, cos 45.tr - 12.0 n 

SET UP: The free body diagram for block A is given in figure 5.66c. 


u = t 


Execute: 

Z F - mma - 

w.-° 

f -T - 12.0 X 


Figure 5.66e 

EVALUATE: Also can apply Vf - aw. to this block: 




n — — 60.0 N 

Then u % n - (0.2SH60.0 N> -15.0 N; this is the maximum possible value for th: static friction force. We see that 
f % <. p % in fee this value of n* the static friction force can hold th: blocks in place. 

<bl SET UP: We have all the same tree-body diagrams and force equations as in pari (a) but now the static 
friction force has its largest possible value. f % = jin - 15.0 N. Then 7] - / 4 - 15.0 N. 

Execute: from the equations for the forces on the knot 

r.co«45.r-r-0 implies 7 - 71/cat45.0” - -i—■— -2I.2N 

cos 45.0° 

7 sin45.0°-7>0 implies 7Jsin45.<P = (21.2 X)sin45.0°* 150 N 
And finally J-w-0 implies w-T, =I5.0N. 

EVALUATE: Compiled to purt (a), the friction is larger in part t b) by a factor of 115.0 12.0) and »»• is larger by 
this same ratio. 
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5.67. 


5.68. 


IDEVIWY: Apply ^ /•* - iku to each block. Use Newton's 3 M law to relate forces on A and on B. 

S»:r UP: Constant speed means a-0. 

Execute: (u) Treat A and B as a single object of weight w - w 4 ■* w M - 4.80 N . The tree-body diagram for this 
confined object is given m Figure 5.67a. ^F - nttf t gi\e% « - w - 4.80 N . f k - f\n = 144 N . - rrni t 

gives F ^ 1.44N 

(H| The frcc-body fcecc diagrams for blocks A and B are given in Figure 5.67b. n and / k are the normal and 
friction forces applied to block B by the tabletop and arc the same as in fort (a|. is the Friction force that A 
applies to B. It is to the right because tlx force from A opposes the motion of B. n a is tlx downward fcecc that A 
exerts on B. is the friction force tbit B applies to A. It is to the left because block 8 wants A to move with it. 
n t is the nomxil fcecc that block B exerts on A. By Newton’s third law. f u - f Li and these forces arc in opposite 
directions. Also. n t - and these forces are m opposite directions. 

£/’ - mu for block A gives n A - w M * 1.20 N . so n g - 1.20 N . 

- f\n g = (0.300) 1.20 N>-0.36 N . and / u ^ 0.36 N. 

£F - mu, for block A givet T-f u -0.36N 
V r. - ma, for Mock S give* F»/ U t /, =0.36 N + 1.44 X -I.S0 N 

EVALUATE: In part la) block A is at rest with respect to B and it has zero acceleration. There is no horizontal 
force on A besides friction, aixl the frxtion force on A is tvto. A larger t’oree F is ncc&d in part (b). because of the 
trie thin force between the two b leeks. 



ii 


Hick fl 

Figure 5.67a 


]%r A 

t>k\h A 


iDEMltY: Apply V /’* - in a to the brush. Constant speed means a - 0. Target variables arc two of the forces 
an the brush. 

SET UP: Note that tlx normal force exerted by the wall is bari/coital. siixe it is perpendicular to the wall. The 
kinetic friction force exerted by the wall is parallel to the wall and opposes the motion, so it is vertically 
downward. The free • bod v dia cram is given in Figure 5.6S. 


Execute: 

/?-FcosS3 r-0 
n - Pcos53.1 c 

A “ fK n ~ APcos53.1 



- ma, 

FsinSJ.I o -*v-/ 4 «0 

Psin 53.1 ° - h- - // i Pcos53.1 0 = 0 

P(sm 53.1° - u cos 53.1°) * w 


F- 


sin53.1° — ti cos53.1 
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5.71. 


5.72. 


(a) T-- 


120 N 


16.9 N 


sin 53.1* - oos53.l sin53. P- <0.15>c<w 53.1 • 

|b> /T-Fco*53.r»(l6.9N)cos53.r^lO.I N 

EVALUATE: In the absence of friction - /•’sin 53.1°. which agrees with our expression. 

IDENTIFY: The net force at any time is - m. 

SET UP: At / - 0. d = 62g . The maximum arederation i* 140# at / - 1.2 ms . 

Execute: (a) t\ A -mi- t>2mg - 62(210-10 * lg.X9.S0 mV)-1.3 k 10'' N . Thn farce It 62 limn Ihc flea's 
weight 

(b) - IJOni? s 2.9x10 ' N . 

(c> Since the iiutial speed i* zero, the maximum speed is the area under the a t •( graph This give* 1.2 ms. 
Evaluate: a is much larger than g and the net external fcecc is much larger than the Ilea's weight. 

IDENTIFY: Apply V/•* ~ ma to the instrument arxl calculate the acceleration Then use constant acceleration 
equations to desenbe the motion. 

SET UP: The free body diagram for the instrument is given in Figure 5.70. The instrument lias mass 
m = w/g = 1.531 kg. 

EXECUTE: (a> For cot the instrument. - ma t gives T - mg - ma and a- — - 13.07 m/s* . 

y 4i - 0. v * 330 m/s. a - 13.07 m/x\ / - ? Then v - + at gives r - 25.3 s . Consider forces on the 

rocket; nxkel has the same a t . Let /’be the thrust of the rocket engines. F - mg - ma and 
/*^w(>rta)^<25.000kg)(9.SO m/s 5 *l3.07 mjs 1 )« 5.72 x lif N . 

(b) y- y, ayj + ±ai ‘ gives r- v v -4170m. 

Evaluate: The rocket and instrument have the same acccVrraiion. The tension in the wire is over twice the 
weight of the instrument and the upward acceleration is greater thing. 


Figure 5.70 

IDENTIFY : a - dvfdt. Apply V /* - ma to yourself. 

SET Up: The reading of the scale is equal to the normal force Ihc scale applies to you. 

EXECUTE: The elevator's acceleration is 

a - - 3.0 m/s* + 2(0.20 m/s 4 )# - 3.0 m/s* *<0.40 n^V)f 

»it 

At r - 4.0 s. a - 3.0 m/s 5 -t (0.40 m/s'Kd.O *) * 4.6 m/s 5 . From Newton's Second Law. the net force on you is 
F^ t - - w - ma and 

F^ k - w+ma =(72 kg)(9.8 m/s*)+<72 kgX4.6 m/s 5 ) ^ 1040 N 
EVALUATE: a increases with time, so the scale reading is increasing. 

IDENTIFY: Apply V /** " ma to the passenger to find the maximum allowed acceleration Then use a constant 
acceleration equation to find the maximum speed. 

SEE UP: The free body diagram for the passenger is given in Figure 5.72. 

Execute: Z F - ma gives n-mg-ma. n = 1 .6mig .so a- 0.60 g - 5.8S m/s 5 . 

y - >« - 3.0 nin.- 5.88 m/s‘. v 0t - 0 so vj - v 5 , -f 2a % (y - y u ) gives v - 5.0 m/s . 
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5.74. 


5.75. 


EVALUATE: A larger final speed would require a larger value of j t . whxh would mean a larger normal force on 
the person. 


*ix 
Figure 5.72 

iDtA IIF^: Apply ^ /** — ma to the package. Calculate a and then use a constant acceleration equation to 
desenbe the motion. 

SKI UP: Let + x be directed up the ramp 

Execute: (u) t\ A - -mgsm 37- - - -iwgsin37° - j/ k mg co*37° - tm and 

a -(9.8 m/s’ % )(0.602 ^(0.30)0.799)> - -S.25m/s J 

Since we know tlx length of the slope, we can use - » * -f 2 a (x — x*) with r . - 0 and v - 0 at the top. 


vj - —2cT.v - -2(-8.25 m/x‘XS.0 m> -132 m /s and v 0 - ^’132 m /s’ - 11.5 m/s 

(b) For the trip back down the slope, gravity and the friction force operate in opposite directions to each other. 

F m - -*igsin37® -f /i i /w#cos3? : - mi? and 

a=X(-»m37”-.0.J0co*J7”»-(9.K m/V'K<-0602).(0.301(0.799)) ^-3.S5 m/s 1 . 

Now we have v„ - 0. i. - -8.0 m. r - (l jtkI v* = if *■ 2a{i-i„l - 0*-2(-3.5S m/% 2 K-H.O m)» 56.8 m'/t' . «i 
v - j56lT m 7? = 7.54 m/s . 

EVALUATE: In both cases, moving up the inclme and moving down the incline, the acceleration is directed down 
the incline. Tlx magnitude of a is greater when the package is going up the incliix. because «i#»n37' and f k are 
in the same direction whereas when the pxekage rs going down these two forces arc in opposite directions. 
IDI.VI1PY: Apply V /•* " ma to the hammer. Since the hammer is at rest relative to the bus its acceleration 
equals that of the bus. 

SKT UP: The free body diagram for the hammer is given in Figure 5.74. 

EXECUTE: £/; -ma, gives rsin?4°-m£ - Oso r.sm74 : - mg. Vf 4 - gives rcos74* = nti/. Divide the 


i - 2.8 m/s 1 . 


second equation bv the first: — - —-— 

g tan 74° 

Evaluate: When the acceleration increases the angle between the rope and the ceiling of the bus decreases, 
and the ancle the rope mikes with the vertxal increases. 



Figure 5.74 

iDF-VWY: Apply V /'* " ma to the washer and to tlx crate. Since the washer is at rest relative to the crate. these 
two objects have the &imc acceleration. 

SKI UP: The fro: body diagram for the washer is given in Figure 5.75. 

EXECUTE: It’s interesting to look at the string's angle measured from the perpendicular to the top of the crate. 
This angle is 0, - 90° - angle measured from the top of the crate . The free-body diagram for the washer then 
lead* to the following equations, using Ncwtcef s Second Law and taking the upslopx direction as positive: 

gsintf^ + 7\sin0 t>#< - m.a and T sin0 tt-< - (a r g sinfJ to ^) 

-flf % £co*0 *t Tco*0 € - 0 and T cos 0 €im — m H gcoa0 4 
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Dividinc the two equations: tan# — 


a+g zinO M 


get»ry tv 

l or the crate, the competent of the weight along th: slope is -fN t g%inO tkHm and the nonml hwee is m t gcoiO tk9t . 
Lung Newlon’s Second Law again: -nij?«n 0 ♦ // k « gccisfl^ -mu . -—— . This leads to the 

8 c°^ 

interesting observation that the string will hang at an angle whose tangent is equal to the coefficient of kinetic 
friction: 

- Unfl^ - lan(9ir-68°)-tan 22* = 0.40. 

EVALUATE: In the limit that ^ -> 0 , 0^ -♦ 0 and the string is perpendicular to the top of the crate. 

As fJ k increases. increases. 



iDLVim: Apply V /** " nur to yourself and calculate a. Then use constant acceleration cqiutions to describe 
the motion. 

SET L’P: The free body diagram is given in Figure 5.76. 

Execute: (u) £/•*. - ma % gives n - mg cost? . - ma' gives ui^sinn - / k - tna . Combining these two 

equations, we have a — £ (s in a — /i k cos a) - -3.094 m/s* . Find your stopping distance: 

v, = 0. - -3.094 m/s\ v 0 , - 20 m/s . vj = v£ -t 2«7 4 (.y - a*,) gives a - a, - 64.6 in. which is greater than 40 nv 

You don’t stop before you reach the hoic. so you fall into it. 

(b) a, - -3.094 m/s\ a - x 4 - 40 nv \\ - 0 . - 1{, -f 2i7 4 (.y - a, ) gives v 0t - 16 m/s. 

Evaluate: Your sloping distaixc is proportional to the square of your initial speed, so your initial speed is 
proportional to the square root of >our stopping distance. To stop in 40 m instead of 64.6 m your initial speed must 

be (20 mb) J 40 m - 16 m's . 

64.6 tn 



Idem IF A : Apply ^/* — uur to each block and to th: rope. The key idea in solving this problem is to recognize 
that if the system is accckrrating. the tension that block A exerts on the rope is ditVenrnt from the tension that block 
B exerts on the rope. (Otherwise the rxt fcccc on the rope would he zero, and the rope couldn’t accelerate. \ 

SET UP: Take a positive coordinate dircctiiwi few exh object to he in the direction of the acceleration of that 
object. All three objects have the same magnitude of acceleration. 

EXECUTE: The Secood Law equations for the three different parts of the system arc: 

Bkiek A (The only horizontal forces on ,1 arc tensxm to the right, and friction to the left): -fijn A g +T t - m/i. 

Hkick B (The only vertical forces on B arc gravity down, and tensxm up): m^g — T g = m^a. 

Rope (The forces on the rope along the direction of its motion arc the tensions at either end and the vveieht of th: 


portion ot the rope that hangs vertically): m^^jg + T m 


-r - 


r 
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T»> solve far a and eliminate tlic tensions. odd Ihc left hand sidrs and right hand sides of the three equations: 

d\ . s m A +mAdlL)-fim 


~A m i8 ♦ »KS + \ j \g - M. or a - g {m m "+ m y 


(a) When - 0. a - y —:- - - As tlic system moves. d will increase, approaching L is a limit, and thus 

(fir 4 + flf|+Mf) 

the acceleration will approach a maximum value of a = g n1/ 


+m k + m M ) 

(b) For the blocks to Just begin moving, a > 0. so solve 0 - [/w^, -t for d. Note tint we muu use 

static friction to find d for when tlx block will begin to move. Solving fee d. d ——I fJ K m 4 - m M ) or 

d ‘ o l i2okg <0,2S(2ks '"° 4kgl3063nL 

(c) When m k - 0.04 kg. d - 10.25(2 kgl-0.4 kg) - 2.50 m . Tliix is not a physically possible situation 

since d > L. The blocks won’t move, no matter what portion of tlx rope hangs over the edge. 

Evaluate: For the blocks to move when released, the weight of 0 plus the weight of tlx rope tbit Kings 
vertically must be greater than the maximum static friction force on A. which is hji - 4.9 N . 
iDfAIWY: Apply Newton’s 1st law to the rope. Let rr, be the miss of that part of the rope that is on the table, 
and let m, be the mass of tKit part of the rope tKit is hanging oxer the edge. ( m 4* m : . - m. the total mass of the 
rope). Since the mass of the rope is not being neglected, tlx tension m the rope varies along the length of the rope. 
Let The the tension in the rope at tKit paint that is at tbc edge of the tabV:. 

SET UP: Tbc free body diagram for the banning section of the rope is given in Figure 5.78a 



EXECUTE: 

Y* F ' ■ ma ’ 

T -"hK 


Figure 5.78a 

SET UP: Tbc free body diagram for that pari of the rope that is on the table is given in Figure 5.78b. 



Execute: 

Z F > mma > 

0 

n - txi|g 


When the maximum amount of rope hangs ox er the edge the static frxiion has its maximum value: 

I 

r-/.-o 

Use tlx First equation to replace T: 

The fraction that hangs over is —-—--— 

m in,*//./*, l + K 

EVALUATE: As h k ->0. the fraction gees to zero and as ^ -> the fraction gixs to unity. 

IDI.VIUV: First calculate the maximum acceleration that the static fricticn fcece con give to the cose. Apply 
Yf -rna to tbc case. 
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(a) Si r Up: The static friction force is to the right in Figure 5.79a I northward I since it Irxs to make the case 
move with the truck. Th: maximum value it can have is f % - p % S. 

Exec ltx: 

L- 

n-»ig -0 

n-mn 

/. ■ W = W"* 


t 


Figure 5.79a 

Z F - ’ ma - 

p.mg - mu 

a-p.y.^ (0.10)19.80 mi)-2.94 m V 

The truck's acceleration is less titan this so the case doesn't slip relative to the truck; the case’s acceleration is 
a = 2.20 nvs ; (northward). Then /, - ma - (30.0 kg)(120 m.s J ) - 66 N. northward. 

(b) IDENTIFY: Now the acceleration of the truck is greater than the acceleration that static friction can give the 
ease. Therefore, the ease slips relative to the truck and the frxlion is kinetic fricticei. The friction force still tries t< 
keep the ease moving with the truck, so the acceleration of the ease and the frxlion force arc both southward The 
frcc-body diagram is sketched in Figure 5.79b. 

Set Up: 

v Execute: 

- ' Z'.—. 

n-mg = 0 

f. -(0.20X500 kgM9.K0 m V ) 

- 59 N, southward 



59 N 


- 2.0 ms*. The magnitude of the acceleration of the case is levs 


EVALUATE: K - mu? implxs a - — - 

m 30.0 kg 

than that of the truck and the ease slides tow ard the front of the truck. In both ports (a | and <b) the fricticei is in the 
direction of th: motion and accelerates th: case. Frxlion opposes re/ofhe motion between two surfaces in contact. 
IDENTIFY: Apply V F " md to the car to calculate its acceleration. Then use a constant accclcratxm expiation to 
Find the initial speed. 

SET UP: Let he in the direction of the car's initial velocity. The friction force f x is then in tlie -.y- direction . 
192 ft -58.52 m . 

EXECUTE: n - mg and -// c mg . y /' -ma, gives -/i k mg -mu t and 

a . ~ - -l0.750H9.S0 m.'s J ) - -7.35 mfc 1 . v - 0 (stops), x - x u - 58.52 m vj = + 2a (x - x t ) gives 

V| - J-2o. <*-*,) -^/-2<-7.35 m’s J H58.52 in) = 29 3 m s - 65.5 mih . He was guilty. 


x - x - L ——111 - . If his initial speed had been 45 mi h he would have stopped in 

2 d 2d 


Evaluate: 

(192 ft)-91 ft. 

I 65.5 mill ) 

Identify: Apply V/’ - ma to the point where the three wires join and also to one of the hulls. By symmetry 
the tension in each of the 35.0 cm wires is the sanx. 
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SIT L t P: Tbc geometry of the situation is sketched in Figure 5.8 la The angle ^ that each wire make* with the 

vertical it given by sin$$ —-and ^ - 15.26°. Let l^be the tension in the vertical wire and let T d he the 

47.5 cm 

tcnsicei xn each of the other two wires. Neglect the weight of the wires, Th: tree-body diagram for the left-hand 
ball is given in Figure 5.8 lb and for the point where the wires Join in Figure 5.81c. n is the force ooc ball exerts on 
the other. 

Execute: (a) -ma % applied to the ball gives T^cos^-mi? - 0. 

r, - - 1 -" mV 1 152 N . Then Y I- -ma -plied In Figure 5.81cpvt* T. - 27\.W- Omul 

cos^ cos 15.26 

T A = 2(152 N tcos^ - 294 N . 

(10 JV. -uni, applied to the ball gives n - 7>in^ - Oand ;j-(I 52 N)san 15-26° - 40.0 N . 

Evaluate: T equals the total weight of the two balls. 


»V 0 em 





IDENTITY: Apply Y /** “ »ia to the box. Compare the acceleration of the box to the acceleration of the truck and 
use constant acceleration equations to describe tbc motion. 

SET L ! P: Both objects have acceleration in the sam: direction: take this to be the -direction. 

Execute: If the block w ere to remain at rest relative to th: truck, the friction force would need to cause an 
acceleration of 2.20 m/s*; however, the maximum acceleration possible due to static friction is 
(0.19X9.80 m/sO -1.86 m/s\ and so the block w ill move relative to the truck; the accefcration of the box 
would he - (0.1SK9.80 m/s') - 1.47 m/s\ The difference between the distance the truck moves and tlie 
distance the box moves (/ v . the distance the box moves relative to the truck ! will be 1.80 m alter a time 


ZAv 


2(1.80 m] 


- 2 . 221 s. 


~ flU V (2.20 m/s J -1.47 mj% ) 

In this time, the truck moves = i(2.20m/s*) (2.221 %y - 5.43 m. 

Evaluate: To prevent the box from sliding otf the truck the coefficient of static friction would have to he 
fj % -(2.20 mix*)fg -0.224. 

IDENTITY: Apply V F - ma to cich block. Forces between the blocks are related by NcwtcoTs 3rd law. Th: 
target variable is the force F. Block B is pulled to the let) at constant speed, so block A moves to the right at 
constant speed and tr - 0 fix each bkxck. 

SET L’P: Tbc tree-body diagram for block A is given in Figure 5.83a. n kt is the nornxil force that B exerts on A. 
fkt - ** the kinetic friction force that B exerts on A. Block A moves to the right relativ e to B. and f kt 

opposes this motion, so is to the left. 





5.84. 
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Note also that /•* acts lust on B. not on A. 



Execute: 

Z F , ama . 

n Jt - 1.40 N 

- <0.30*1.40 N>- 0.420 N 


L 

W*.-® 

T - ft,- 0.420 N 

SET L’P: Tbc free body diagram for block B is given in Figure 5.83b. 



EXECUTE: ji^ is the normal force that block A exerts on block B. By Newton’s third law n ^ and n kt are equal 
in magnitude and opposite in direction, so - 1.40 N. is the kinetic friction force that A exerts an B. Block 
B mines to the left relative to A and opposes this motion, so f M is to the right. 
f m * W* » W-30HI 40 N> - 0.420 N. 

n and f arc tlic normal and friction force exerted by the tlixir on block B\ f k - ji k n. Note that block B moves to 
the left relative to the Door and j\ opposes this motion, so / k is to tbc right. 

- ma t 

»-M| -«*! -0 

n = w § + >\^ - 4.20 N +1.40 N ■ 5.60 N 
Then f - - <0.30)|S.60 N» - 1.68 N. 

I 

/-♦r+A-f-o 

F*T*f M */, = 0.420 N -0.420 N . 1,6S N - 252 N 

Evaluate: Note that and / A , are a tlurd law action-reaction pair, so they must be equal in magnitude and 
opposite in direction and this is indeed what our calculation gives. 

Idi.n I1 FY: Apply V F “ »id to the person to fmd the acceleration the PAPS unit produces. Apply constant 
icceleration equations to her free-fall motion and to her motion after the PAPS fires. 

SET L’P: NVe take the upward direction as positive. 

EXECUTE: The explorer’s vertical accclcratxin is -3.7 m/V for the first 20 s. Thus at the end of that time her 
vertical velocity will be v, - a t i - <-3.7 m/s : (<20 *> - “74 m/s. She will have fallen a distance 

d - y m ( _ j —!—H-l J(20 s) = -740 m and will thus be 1200 m - 740 m - 460 m above the surface ! Icr vertical 

velocity must reach zero as she touches the ground: tberefeve, taking the lunition point of the PAPS as 
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which in the vertical 


acceleration that must tv provided by tlx PAPS. The tinx it takes to reach tlx ground is given by 

0-(-74 mi's) 


• -v 


- \2Ai 


a v 5.95 m/s* 

Using Newton's Secern! Law for the vertical direction /^, -f mg - aw . This gives 

F,, n . - "fti - mg - mi a » g > -1150 kg.i(5«S - (-3.7)) m/i 1 - 1450 N . 

which is tlx vertical component of the PAPS farce. The vehicle must also be brought to a step hari/entallv in 
12.4 seconds, the acceleration needed to do this is 

* I 12.4 s 

ind the force needed is - ma - (150 kg M2.66 m/s*) - 400 N , since there an: no otlxr horizontal force*. 

Evaluate: The acceleration produced by the PAPS mutt bnng to zero both Ixr horizontal and vertical 
corrqioncnts of velocity. 

IDENTIFY: Apply y F - tna to each block. Parts |at and I b) will be done together. 



Note that each block has tlx same magnitude of accclcratxm. but in different directions. For each block Vrt the 
direction of tf be a poutive coordinate direction. 

SKI L’P: The free body diagram far blocks is given in Figure 5.85b. 
v 

Execute: 

Z^i *■“. 

r .» = «.(*> + Z) 

T„ - 4.00 kg(2.00 mi’ «■ 9.S0 mV) - 47.2 N 

I ijrarc 5.85b 

SKI L’P: The free body diagram for block B is given in Figure 5.85b. 


Execute: 
n - m .g - C 




/. - R" - c (0.25M12.0 kgX9.H0 mi’) = 29.4 N 

I'-. —. 

-r u -/.=»/« 

r„ - T„ . /, t my> - 47.2 N » 29.4 N -> (12.0 kg>(2.00 mi' > 
T. - 100.6 N 
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si:r UP: Tbc fro: body diagram for block C is sketched xn Figure 5.S5d 



EXF.ClTE: 

2 /> an “. 

m, g - T m - m t a 

"»i(*-<0*1* 


n --£l_ 


100.6 N 

9.80 mV -2.00 mV 


12.9 kg 


Figure 5.85d 


EVALUATE: If all three block* ore considrrcd together as a single ctoject and - ma is applied to this 
combined object, rr, g - nt A g -/j t mjg - (m 4 -t ki. Using the values f»>r m t and m v given in the 

problem and the mass m we calculated, this equation gives <i - 2.00 ms J , which checks. 


iDEYim: Apply ;f - tna to each block. They have the same magnitude of acceleration, a. 

SET Up: Consider positive accelerations to be to the right (up and to the right for the left-hand block, down and 
to the right for the nght harel block I. 

EXECUTE: (u) The forces along the inclines and the accelerations are related by 

T -(100 kg )g sin 30° — (ICO kgtn and (50 kg)#sinS3° - T - (50 kghr. where T is the tension m the cord and a th: 
mutuil magnitude of acceleration. Adding these relations. 

(50 kg sin 53° - 100 kg sin J0*)g - <50 kg +100 kgfcj. or u - -0.067^. Since a con>» out negative; the blocks will 
slide to the left; tbc 100-kg block will slide down. Of course, i (’coordinates had been chosen so that positive 
accelerations were to the left, a would be * 0 . 06 ?#. 


(b) a ^0.067(9.80 m/» J ) = 0.658 m/i 1 . 

(c) Substituting the value of a I including tlie proper sign, depending on choice of coordinates) into either of the 
above relations invoking T yields 424 N. 

EVALUATE: For part |a) we could have c mi pared mgtmO for each blork to determine which direction the 
system would move. 

IDENTIFY: Let the tensions in the ropes he T and T 2 . 



Figure 5.87u 


Consid^ the forces on each block. In each case take a positive coordinate direction in tlie direction of the 
acceleration of that block. 

SET UP: The free body diagram for n\ i is given in I'igurc 5.87b. 


■ 



Figure 5.87b 


Execute: 
JV = nxa 

r . a *v. 
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S»:r UP: Tbc fro: body diagram far m> is given m Iieurc 5.S7c. 


Execute: 

L F , mma , 

">g -7- m./2. 


-t. 

“' L 

y 

Figure 5.87c 

This give* us two equitians. but there are 4 unknown* ( 7j, T y a r and a } > so two more equation* arc required 
SET UP: Tbc free-body diagram for tbc moveable pulley (mass m ) is given in Figure 5.87d. 



" - 


Execute: 

mv t Ts - 2T. 


Figure 5.87d 

But our pulley* have rcgligihV: mas*. *o mg - ma - 0 and 7*. - 2T { . Combine these three equitians to eliminate T x 
and T : : m.g — - m } a i give* — 27] — m.a y And then with 7] - n\<2 ( we have m.g - 2/na x - 

SET UP: There arc *till two unknowns. a x and a y But the accelerations a x and a i arc related. In any time 
interval, if m x moves to the right a distance d. then in tbc *amc time m . move* downward a distance d/2. One of 
the constant acceleration kinematic equations jay* x -a;, - \\.J *o if m. moves lialf the distance it must 

have half the acceleration of m : = a x > 2 , or a, - 2 a } . 

Execute: This is the additional equation we need. Use it in the previous equation and get 
m.g-2m(2a l )-MM 1 . 


V 


and j - 2d, - 




Evaluate: If m, -*0 or tn -*<*>, a t -a* =0. If m 2 »m,, a 2 and a = 2 g. 

IDENTIFY: Apply V F - ma to block 8. to block A and 8 as a composite object and to block C If A and 8 slide 
togctlxr all three blocks have the same magnitude of acceleration. 

SET UP: If A and 8 don’t slip the friction between them is static. The tree-body diagrams for block 8. for bloi 
A and 8. and for C arc given in Figures 5.88a*e. Block C * accelerates downward and A and 8 accelerate to the ri 
In each case take a positive cmrilinatc direction to he in the direction of the acceleration. Since block A moves 
the right, th: friction forec f % on block 8 is to the right, to prevent rehtive motion between the two blceks. When C 
has its largest mass. f\ has its largest value: / t - n % n . 

EXECUTE: y r — ma t applied to the block 8 give* f % - m A a . n - m A g and f t - pm M g • F K m y8 - and 
a - ti.g . Y/\ - nti7 applied to Mocks A * 8 gives T - m^a - »\• Y/\ - ma applied to bkick C gives 


m x g-T^m x d. ^ ■-- 



0.750 

1-0.750 


= 39.0 kg. 


<5.00 kg* 


F 
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5.89. 


5.90. 


5.91. 


EVALUATE: With na friction from th: tabletop, the system accelerates na matter how snull the mast of C is. 
If m t is less than 39.0 kg. the fricbore force that A cults on B is less than fi % n . If m t is greater than 39.0 kg. 
blocks C and A have a laruer acceleration than friction can give to block B and A accelerates out from under B 


I 


"At 



'i 


r 


Figure 5.88 


IDI.N IWY: Apply the method of Exercise 5.19 to calculate the acceleration of each object. Then apply constant 
acceleration equations to the motion of the 2.X kg object. 

SET Up: After the 5.00 kg object reaches the floor, the 2.00 kg object rs in free-fall, with downward acceleration g. 
Execute: Tire 2.00 kgobject will accelerate upward at g ^ ^ ^ - 3#/7. and th: 5.00-kg object will 

accelerate downward at 3g/7. Let the initial height above the ground be J \.. When the large object hits the 
ground, the small object will be at a height 2 ^ ( . and moving upward with a speed given by t* - 2 ak t - 6^/7. 
The small object will continue to nsc a distance v^f2g - 3^/7, and so the maximum height reached will be 
2A, + 3h, fl - 1 lk t p - 1.46 m above th: floor . which is 0.860 m above its initial height 
Evaluate: The small object is 1.20 m above the flocc when the large object strikes the floor, and it rises an 
additional 0.26 m after that. 

IDEMIFY: Apply V F - ma to the box. 

SET Up: Tbc box has an upward accebration of a - 1.90 ires* . 

EXECUTE: The floor exerts an upward force n on the box. obtained from n - mg - mo. or n - m<d * g |. The 
friction force that needs to be balanced k 

/i.k ^ p.m(u - g) - |0.32)<2S.0 kgKI W m/s 1 »980 m.V) - 105 N. 

Evaluate: If the elevator wasn't accelerating the normal force would be n - mg and the friction force that 
would hare to be overcome would be S7.S N. The upward acceleration increases th: normal force and that 
increases the friction force. 

iDEViifrY: Apply V/’* - mu to the block. The cart and the block have the same acceleration. The normal force 
exerted by tbc cart on the block is perpendicular to the front of the cart, so is horizontal and to the nght. The 
friction force on the block is directed so as to hold the block up against the downward pull of gravity. We want to 
calculate the minimum a required, so take static friction to have its maximum value, f — pi n. 

SET UP: Tbc free body diagram for the block is given in Figure 5.91. 



na 


2A- 


Execute: 

]T/> U u, 

n-mu 

f. ~ P. n ~ P. m: 


*-g‘K 

Evaluate: An ctoserver on tbc cart sees the block pinned there, with no reason for a horizontal force on it 
because th: block is at rest relative to the carl. There free, such an observer concludes that it - 0 and thus f - 0. 
and he doesn’t understand what holds tbc block up against the downward force of gravity. Tbc reason fee this 
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5.9L 


5.93. 


5.94. 


difficulty is that Y f - ma docs nol apply in a coordinate frnnv attached to the cart. This reference frame is 
Accelerated, and hence not inertial. The smaller fj % is. the larger a must he to keep the block pinned against the 
front of the cart. 

IDENTIFY: Apply Y/ - ma to each block. 

SET UP: Use coordinates where -t.v is directed down the incline. 

EXECUTE: (a> Since the largerblixk (the trailing block) has the larger coefficient of friction, it will need to be 
pulled down the plane; j.c.. th: larger block will not move faster than the smaller Mock, and the bkicks will hav e 
the same acceleration. For the smaller block. (4.00 kgt£(sin30° - (O.25)co» 30°) - T - (4.00 kg ki. or 
11.11 N- T -(4.00 kgkr. and similarly for the larger. 15.44 NiT-(K.00 kgkt. Adding these two relations. 
26.55 N = (12.00 kgkJ. a ^ 2.21 m/s 1 . 

(b) Substitution into either of the above relations gives T - 2.27 N. 

(c> The stnng will be slack. The 4.00 kg block will have a - 2.78 m/s* and the S.OO-kg block w ill have 
a - 1.93 m/s 1 , until the 4.00 kg block overtakes the S.OO-kg Mock and collides with it. 

EVALUATE: If the stnng is cut the accclcratxm of each block will be independent of the mass of that block and 
will depend only cei the slope angle and the coefficient of kinetic frxtion. The H.00-kg block would have a smillcr 
acceleration even though it has a larger mass, since it has a larger ^ . 

Idln nn: Apply Y t' - ma to the block arxl to the plank. 

Set Up: Both objects have a - 0 . 

EXECUTE: Let n g be the normil fcece between the plank and the block and n t h: th: normal force betw een the 
block and the incline. Then. n A - H’CO *0 and n A -n % + 3wco*/J - 4 hcosA Th: net frictional force on th: block is 
fK(n M ♦ n M ) = fii k Swco*0 . To move at constant speed, this must balance the compound of the block’s weight 
along the incline, so 3usin0 - fx k Swcm0 % and -^tantf - ^tan3? : - 0.452. 

EVALUATE: 111 th: absence of the plank the blixk slides down at constant speed when the slope angle and 
coefficient of friction are related by* tan0 - . For O - 36.9^ . - 0.75 . A smaller is needed when the plank 

is present because the plank provides an additional friction force. 

IDENTIFY: Apply Y F - ma to the ball, to m ( and to m. 

SET Up: The free body diagrams for the ball, jii and m. arc given in Figures 5.94a-c. All three objects have the 
same magnitude of acceleration In each case take the direction of a to be a positiv e coordinate direction. 
EXECUTE: (u) £F - ma applied to the ball gives Tco*0 - mg . - ma applied to th: hall gives 

T sin 0 - ma . Confining these two equations to eliminate T gives tanfJ -afg . 

(b) Y F m - ma 4 applied to m : give* T - m a . Y F, - bij, applied to m x give* m t g - T - m { a . Combining these 


two equations gives a - 


« 


e. Then Ian 0 - "• - 25,1 ^ 


and 0 - 9.46 


m.+m, 1500 kg 

(O As m, becomes much larger than m . a -> g and tan 0 -> 1. so 0 -♦ 45° . 

EVALUATE: The device requires that the ball is at rest relative to the platform; any motion sw inging bark and 
forth must be damped out. When m « uis the system still accelerates, hut with small a and 0 -» 0° . 


r 



Figure 5.94a 


£ 
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5.96. 


1DEYT1FY: Apply Y. F - mu to the automobile. 




Si r UP: The correct bankini! onclc is tor zero trichon and is given by tan ft - — . as derived in 1.sample 5.23. 

8* 

Use coordinate* that arc vertical and hon/ontal. smcc the acceleration is Itori/ontal. 

Execute: For speed* larger than v 4 . a fractional force i* needed to keep the car from skidding. In thi* ease, the 
inward force will consist of a port due to the rormal force n are! the frxtion force f ; n sin// r f co*// - Tlie 

normal and friction forces both have vertical ccniponents: since tlvrc is no vertical acceleration. 

n co«/l -/ unp - mg. Using f - //./? and a^ -i—^-225 gtan/J. these two relations fccconx 

itsin// + fincoip - 2.25 mg tan // and n cos/? - fin sin// - mg . Dividing to cancel n give* 

sin ft + it cos// 1.25 sin//cos// 

--— 2.25 tan//. Solving for u and umplifving vickls //. - ---— Using 

cos // - sin // l + 1.25sin// 

p - arctanl-2— ‘L—i - - IS.7^ gives //. -0.34. 

IJ9.S0 nv V K120m)J 6 

Evaluate: If fi K is insufficient, the car skxls away from the center of curvature of the roadway, so the friction in 
inward. 

iDIXiitY: Apply ^/** - mo to the car. The car moves in the arc of a horizontal circle, so a - d ^ directed 
toward the eentcr of curvature of the roadway. Th: target variable is the speed of the ear. will be calculated 
from the forces and then v will be calculated from - V* lR. 

(a) To keep the ear from sliding up th: banking the static fnclion force is directed down the incline. At maximum 
*pccd the static friction force has its maximum value f - fin. 

Ski Up: The free body diagram for the ear is sketched in Figure 5.96a. 



I 

ffsin// +■ //.ncos/J - huj.^, 

ff(sm// r //.COS//) - 

Use the y* F cquatxm to replace «: 

’(sin// + // cos/ft - nio . 


ca/> "Asm// 


Execute: 

um » 

/icos// - / 4 sin P - mg - 
Elut f\ - fin. so 
«cos// - it /jsin p - mg 

,_ 

cat p - u sin // 


gi - n25 '‘.SO m't 1 ) - 8.73 ml' 

cos // - //. s«n // cos25° - <0.30)sm 25° 


a tU -v 3 lR implies v - yja tmi R - J(8.73 ms'X50 m) - 21 mi's. 

(b) IDKMIPY: To keep the ear from sliding <Jomyj the honking tlie static friction force r* directed up the incline 
At the minimum speed the static friction fcece has its maximum value f - itn. 
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5.98. 


5.99. 


SET UP: Tbc free body diagram far the car is sketched in future 5.96b 



Tlic frec-body diagram is identical to tint 
in purt (al except that now the components 
>F hive opposite directions. The force 
equations arc all the same except for the 
opposite sign for terms containing u .. 


figure 5.96h 


EXIlC IT!: 


_ 10 - 30 ,^ 25 - \ mV( _, 4 , 

* \ com ff r ;/ sin // / \ cos25 : +(0.30)sin25 : J 


v - yja^R ^ ^TITm^SOm) - 8.5 ms. 

EVALUATE: for i between these nxiximum and nunimum values, th: car is held cci the read at a constant height 
by a static friction force that is less than pix. When //, -> 0. - gljn/i. Our analysis agrees with tbc result of 

Example 5.23 in this spice ial ease. 

IDENTIFY: Apply V F - tnu to the car. 

SET UP: 1 mill - 0.447 m/s . The acceleration of the car is a tml - v fr . directed toward the center of curvature 
of the roadway. 

Execute: (u) 80 mi/h - 35.7 m/% . The centripetal force needed to keep the car on the road is provided by 

friction; thus ^t K mg - 0— and r - --———--171 m . 

/ Mt g 10.76M9.8 mf?) 

b)lf A *0.20, 

V- Joor ^ J(l7lm)(0.’0)(9.S m'<) = 18.3 m/% or about 4 1 mi/h. 


(c>lt> -0.37. 


i - % /(17l mt<0.37) 19.8 ini') - 24.9 m/s or about 56 mi/h 
The speed limit is evidently designed for these conditions. 

Evaluate: The maximum safe speed is propocticeial to JJT . ^0.20/0.76 - 0.51. so the maximum safe speed 
far wet-ice conditions is about half what it is for a dry' road. 

IDSXTIFY: H»c analysis of this problem is the same as that of Exarrplc 5.21. 

> 

Set Up: from Example 5.21. tan fl - lii-- 

x nt 

Execute: Solving for V in terms of /* and R. v - ^Jy.R tan p - ^'<9.80 m/s* > <50.0) tan 30.0 : - 16.8 m/s. about 
60.6 km/h. 

EVALUATE: The greater the speed of the bus the larger will be th: angle //.so 7 will have a larger horizontal, 
inward campocxnt. 

Idem itX and SET UP: Tlx monkey aixl bananas have th: same mass and th: tension in the rape has the sanx 
upward value at the bunanas and at the mccikcy. Therefore, the monkey and bananas will have the same net force 
and hence the sanx acceleration, in both imgnitude and direction. 

EXECUTE: (u) for the monkey to move up. T > nig . The bananas also move up. 

<b) The bananas and monkey move with the sanx acceleration and the distaixc between them remains constant. 

(c) Both the monkey and bananas arc in free fall. They have the same initial velocity and as they fall th: dcstancc 
between them doesn't change 

(d) Tlx bananas will slow down at tlx same rale as the monkey. If the monkey conxs to a stop, so will tlx 
bananas. 

EVALUATE: None of these acticeis bring the monkey any closer to the bananas. 
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Identify: Apply Y /•* - md . with / - kv . 

SET L’P: hollow the analysis that lead* U> I!q.(5.10). except now the initial speed is v* - 3mg/k - 3i rather than 


EXECUTE: The separated equation of motion lias a lower limit ot* 3v, invtca;! of 0; specifically, 

fjfL.hlill-lJ ocv-2,Ji,^l. 

£ v-v, —2v, { 2v, 2) m 12 J 

EVALUATE: As / —the .speed approaches v ( . The speed is always greater than v, and this limit is approaelied 
from above. 

IDENTIFY: Apply £/* - ma to the rock. 

SF.T L 7 P: liquations 5.9 through 5.13 apply, but with ^ratbrr than g as the initial acceleration. 

Execute: (u) The rock is released from rest, and so there rs initially no resistive force and 
<?,. -<18.0 Nl/<3.00 kg) -6.00 m/% 1 . 

(h> (18.0 N - (2.20 N • %/m) <3.00 m/%))/(3.00 kg) - 3.K0 mft‘. 

(c) Tlic nel lone mui.1 be 1.80 N. h> Jv - 16.2 N and .,<16.2 N)/(220 N -s/m) - 7.36 m;i. 

(<l > When the net force is equal to zero, and hence the acceleration is zero. At, - 18.0 N and 
v, ^ (18.0 N)/(2.20 N • s/m)-8.18 m/s. 

(c) From Eq.(5.12K 

,•,(8.18 m/%) )j = +7.7Bm. 

From Hq. (5.10k .-(H.1S m/^I],6.29 m/%. 

From l:q.(S. 11). but with a, iimteadofg, a - (6.00 -1.38 m/s'. 

(0 1 - — , 0.1 - <■ “•'"and /-—In (101-3.14%. 

4 

EVALUATE: The acceleration decreases with tame until it becomes zero when i - v,. Tlie speed increases with 
time and approaches v as / —> x-. 

IDENTIFY: Apply Y F - ma to the rock, iz-and v-yield difTerential equations that can be integrated to 

ch Jt * 

give KOsnd x (/). 

SET L’P: Tbc retarding force of the surface is th: only horizontal force acting. 

EXECUTE: (u> Thu* a - Lin. - — - — -— and — - -—Jt Initialing give* I — - | dr and 

mm m dt v’ m ‘' v- m lv 

2.'°I’ 

I- m * m 4m- 

„ . ,, .. Jr stfki k't‘ , . . tfkJt k't'dt 

l or the rock s position: —— v, -• -and ax - i \dt --t —.-. 

1 dt »\ 4 nr ^ m Am £ 

. . kV 

Integrating gives x - vj - —— ♦ 

(b) v - 0 - v„ -- f- --- Tins is a quadratic equation in /: from the quadratic formula w*c can find the simile 

m 2 m" 


solution r 


2 mvV 


(c) Substituting the expression for t into the equation for .r: 

v-v **'%£* W 1 


llui 

EVALUATE: The magnitude of the average acceleration is a st - 
- ma^ -4A’i^ *. which is 1 times the initial value of the fcece 


Y 




3* 

-. The a sera pc force is 

12 *uv. J /k) 2 m 
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5.104. 


5.105. 


Identity: Apply Y/* - ma to the object. with and without including the buoyancy force. 

SET UP: At the terminal speed v,. a - 0 . 

Execute: Without buoyancy, Xv - mt|. soX - — - !!!£—. With buoyancy included there is the additional 

v 0.36 s 


upward buoyancy force B, so B -t Xv- mg . B - mg - Xv - mg 1 I - ^ ' - mg . 

0.36 m/s J 

Evaluate: At the tennirvil speed. B and f - Xv together equal mg. The presence of B reduces the value of/ 
required, so the presence of B reduces the terminal speed. 

IDENTITY: The block has acceleration a - v (r , directed to the left in the figure in the problem. Apply 
£ F « ma to the block. 

SET UP: The block moves in a horizontal circle of radius r - J(l.25 m)* -(1.00 ml* - 0.75 m Each string 

1.00 m 

makes an angle 0 with the vertical, cos# - 


2: 


.so 0 - 36.9" . The ffonbodv diagram for the block is invcn in 


figure 5.101. Let +x be to the left and krt +y be upward 
Execute: (i) £ F - ma % gives r cos 0 - T c o*0 - mg - 0. 


r.-r - 




' _ f 4 -0X frgM9.H0 m , 2 a 3 , 0 N 
ecu 36.9 


(b) Yf. -ma, give* IT -• TjliinO-ni — 


■ir -r )>in 0 [(0.75 mXSO.O N * 31.0 N1 hii<6.9' 


Itl 

3.53 ms 


2 ,Tr 2 t< 0.75 mV 


(OH T cos 0 - wig and 7 


4.1X1 kg 

^ 0.749 revs - 44.9 rcvmin . 

(4.00 kg M 9.80 m's‘> 


3.53 m s . TT»e number of rcvoJuticms per second is 




rl sin (7 


cos 0 

11 ) 75 m H 49.0 N)sin 36.9" 
4.00 kg 


- 490 N . Ts\n0-m— 


cos 36.9' 

2.35 m»'s . The number of revolutions per minute is 


3.53 ms ; 

Evaluate: The tension in the upper stnng mint h: greater than th: tension in the lower string so that together 


144.9 rev’min)t ' ' \ - 29.9 rev nun 


they prodixe an upward component of force that balances the weight of the block. 



I DEV IWY: Apply Y F - ma to the falling object. 

SET UP: follow the steps that lead to fq.(5.IO). except now v l> - v t and is not zero. 
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5.107. 


EXECUTE: <u> Newton's 2nd law gives m— - mg - kr . where — - i I —— - - L [dt . This is the same 

dt k 4 v - v m J 


expression used in the den vat ion of Eq. 15.10k except the lower limit in the velocity integral is the initial speed v 0 
instead of «n>. Evaluiting the integrals and rearranging gives »• - v;y ♦»',(!-f . Note tKit at / - 0 this 
expression says \\ - »,. and at t -> a it says v # -* v r 

(l>) The downward gravity force is larger thin the upward fluid resistance force so the acceleration is downward, 
until the fluid resistance force equals gravity when the termini! speed is reached. The object speeds up 
until \\ - i,. Take -fv to be downward. "Hie graph is sketched in figure 5.105a. 

(c> Tlie upward resistance fcccc is larger than the downward gravity force so the acceleration is upward and the 
object slows down, until the fluid resistance force equals gravity when the terminal speed is reached. Take *f v to 
be downward. Th: graph is sketched in figure 5.105b. 

(d) When i # — r, the acceleration at t - 0 is zero and remams zero; tlie velocity is constant and equal to the 
terminal velocity. 

Evaluate: In all cases the speed becomes i. as / -> m . 



figure 5.105a. b 

IDENTIFY: Apply Y F - ma to the rock. 

SET L ! P: At the maximum height, v - 0. Let +y be upward. Suppress they subscripts cci v and a. 

Execute: (u) To find the maximum height and time to the top without fluid resistance: v' - »•* r 2a[y - y,) and 

v 3 -»? 0 - ( 6.0 m/s)* . e 4 v -»- 0 - 6.0 m.’s 

v- v,--LSI m. /---— 0.61 s. 

2a 2(-9.8nyV) u -9.S m:% 3 

(b) Starting from Ncwtcef s Second Law for this situation m— - mg - Av . We rearrange and integrate, taking 

dt 

downward as positive as in the text and noting thit the velocity at the top of tlie rock’s flight is zero: 

- 2.0 m/x 


Infi'-i. (I'- ln-^— 


v- V 


lrKO.25)--1.386 


v- v, - 6.0 m;s- 2.0 m/% 
from l:q.(5.9l. mjk - v,/g -(2.0 m/s*)/(9.8 m/%*) = 0201 s. and r = -5(-1.386) a (0.201 s)(1.3K6>-0.2S3 




to the top. Luuition 5.10 in the text gives us —- v.(l-c ,i,wx ) - »• - 


.if 


\\c 




« jdr « j v,«ft - J w ( r* u ^ ,y dr - vf +^( e u >” -li 


.v -(2.0 m/s)(0.283 *) + (2.0 m/l) (0.204 *Me l “ l -1)-0.26 m. 

EVALUATE: With fluid resistance present the maximum height is much less and the time to reach it is less. 

I DEN T1FY: Apply Y/■’ - ma to the car. 

SET t’P: The forces on th: car are th: air drag fcece / D = Ov* and the rolling friction force fi.mg. Take the 
velocity to be in the +x -direction. Th: forces are opposite in direction to the velocity. 

EXECUTE: (u) - nttf. gives -/V - // t mg - ma . We can write this equation twice, once with v- 32 m/s 

and a - - 0.42 m/s' and once with v - 24 m/s and a - -0.30 mV. Solving these two simultarvous equations in 
the unknowns D and ^ gives //.-0.015 and 0-0.36 S>%*fm 2 . 

(b| a - migcatfl aixl the cconpownt of gravity parallel to the incline is mg sin . where fl - 2 . 2 °. foe constant 
speed, ingsin 2.2° - j/mgca%2.2 0 - D\ ,: - 0. Solving for v gives p«29 m/s. 
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5.108. 


5.1)9. 


(c> For ancle /J. /ngxin /J - ii mg cox // - Dv' -0 and v- fr 1 * **»*/* ft vm />> The lcmiina | speed for a falling 


object is derived fnxn Dv' - mg s 0. to r, - ^mgJU. vf v, - ^xin// - //, cox// . And since 
p. - 0.015, v/v, - Jsin // - <0.0151 cox// . 

Evaluate: In part (c), i —fr v, ax // —* 90° . since in lha! limit the incline becomes vertical. 

IDENTIFY: Apply V F - ma to the person and to the cart. 

SET UP: The apparent weight, . which is the some as the upward force on the person exerted by the car teat. 
Execute: (u) The apparent weight ix the xtual weight of the person minus the centripetal force needed to keep 
him moving in its circular path: 

^-^^(TOkg) (9.8 h/' 1 )-. ' 12 ,,^ 1 = 41.4 N. 

(hi The cart will lose contact with the surface when its appirent weight ix zero: i.c.. when the nxid no longer has to 

exert any upward fi>rce on it: mg -1— - 0 . v- fig - yj{ 40 ml m s') - 19.S m/s . The amweT doesn’t 

depend on the cart's mass, because the centripetal force needed to hokl it on the road is proportional to its mass and 
so to its weight, which provides the centripetal force in this situation. 

EVALUATE: At the speed calculated in part (b|. the downward force iveded for circular motion is provided by 
gravity. Foe speeds greater than this more, downward force is nccdxl and there is no source for it and the carl 
leaves the circular pith. For speeds less than this, less downward force than gravity is needed, so the roadway must 
exert an upwanl vertical force. 

(a) IDENTIFY: Use the infornxition given about Jena to find the time / for one revolution of tlx nwry*go-round. 
Her acceleration is directed in toward the Axis. Let F t be the horizontal force that keeps her from sliding off. 
Let her speed be i, and let be her distance from the axis. Apply V ^ - rna to Jena, who mines in uniform 
circular motion. 

SET L’P: The free body diagram for Jena is xketeted in Figure 5.109a 

EXECUTE: 

- L 




90 ms 


Figure 5.109u 

The time for ooc revolution is t - - 2xR t j-Jackie goes around once in \\k same lime hut her spiced 

v, V V5 

(Vj) and the radius of her circular path (R 3 ) arc ditTercnt. 

i [2.zR l \\ w ^ V «« 

IDES ITTY: Now apply V F - ma to Jackie. She also moves in uniform circular moticoi. 

SKI L’P: The free body diagram for Jackie is sketched in Figure 5.109b. 


Execute: 
F ; - mu. 



Kivurc 5.109b 


F,f AU J Jfi-Uo N) ; 120.0M 
J R. { R. ){ R; JV. m / ; R l I \ 1.S0 m ) 

.. V .. iFR. 1(120.0 NK3.60 m> , . 

b> - m —, so i\ - .l-s-s- - j -—-- - 3.79 m s 

J R. J V « V 30.0 kg 
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5.110. 


5.111. 


EVALUATE: Both girls rotate together so haxxr the some pcriixl T. By l:q.(5.16| a^ is larger for Jackie so the 
force on her is larger. 13q.fS.15) says R t >\\ - R i fy i so i\ - //?,); thrs agrees with our result in la). 

IDENTIFY: Apply V /** - ms to the passenger. The pautengcr has acceleration a tU . directed inward toward the 
center of the circular path 

SET L’P: The passenger's velocity is v— 2s Rjt -8.80 m/s. Hie vertical component of the seat's force must 
balance th: pavsenger's weight and the horizontal componmt must provide the centripetal force. 

oiv* 

EXECUTE: (u) F^ sm 0- mg - 833 N and F^ costf-— - IKS N . Therefore 


- 1833 N);( 18N N| - 4.43; O - 77. V above the horizontal. The magnitude of the net force exerted by the 
seat (note that this is not the net force on the passcngerl is 

= ^IKJJN)- .(lwtsy -S54 N 

(1> > The magnitude of the force is the some, but the horizontal competent is reversed. 

y 

EVALUATE: At the higher point in the molxin. F^ - mg - ~ (>45 N . At the knvest point in the motion. 

v* 

- mg + /w— - 1021 N . The result in parts (a) and (b) lies between these extreme values. 

IDF.MIFY: Apply ^ F - ma to the person. The person moves in a hcci/ontai circle so his acceleration is 

a. - ir / R. directed toward the center of the circle. The taruet variable is the coctlicicnt of static friction between 


the person and the surface of the cvlindcr 


index v=(0.60reV*|(lii - (0.60 revil J ' i: ' ' -9.425 
11 rev l 1 rex* 


ms 


(a) Si.1 Ilf: The problem utuation is sketched in figure 5 



figure 5.111a 




The frec-body diagram for the person is 
sketched in figure 5.111b. 

The person is held up against gravity by 
the static frxlion force exerted on him 
by the wall. The acceleration of the person 
is a — . directed in towards the axis of rotaticai. 


figure 5.111b 

(b) EXECUTE: To calculate the minimum it, required, take f K to have its maximum value. f s - fj % n 

f.-ng=0 

fi,n - m/t 

I 

B-mv'.R 

C ombine these two equitions to eliminate ji: 
ftmv* f R - wg 

J?g (15m)(9.S0nVs J ) 

7 (9.425 m s>* 




- 0.28 
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5112. 


5.113. 


5.114. 


(c) Evaluate: No. the mass of the person divided out of the equation for ^. Abo, the smaller //. is, th: larger 
v must he to keep the person from sliding down. For smaller ft % the cylinder must rotate faster to mike >i larger 
enough. 

IDENTIFY: Apply V /•* - mo to the combined object of motorcycle plus rid^. 

SET UP: The object has acceleration a tm£ - v m fr . directed toward the center of th: circular pith. 

Execute: (u> For the tires not to lose contact, th^c must he a downward force on the tires. Thus, the 

> 

(downward) acceleration at the lop of the sphere must exceed mg. so m — > mg, and 

R 


v>yfyR - V '(9.S0 m/s*) (13.0 m> - 11.3 m/s. 

(b) The (upward) acceleration will then be 4g. so the upward normal force must be 
5mg -5(110 kg! (9S0 m/»’) = 5390 N. 

EVALUATE: At any nonzero speed the nonnal force at the hottcen of the pith exceeds the weight of the object. 
iDIAiitY: Apply V / - ma to your friend. Your friend moves in th: arc of a circle as the car turns. 

(a) Turn to the riuht. Th: situation is sketched in Figure 5.113a. 


As viewed in an inertial frame, 
in the absence of sutlicicnt fnction 
your thend deesn't make the turn 
completely and you move to th: right 
toward your friend 


r igurc 5.113a 

(b) The maximum radius of the turn ts the one that mikes a kU just equal to the maximum acceleration that static 
friction can give to >our Trend, and for this situation f k has its maximum value /, - uji. 

SET Up: The free body diagram for your friend, as viewed by someooe landing behind the car. is sketched in 



Figure 5.113b. 





Execute: 
it - mg - G 

if-mg 


figure 5.113b 


p if - mv~ i R 

fj mg - iw* t R 

V* _ (20 m '.%) ! 

/c--= 120 m 

u,K (0JSK9.80 ms) 

EVALUATE: The Lirger it is, th: smaller the radius li must be. 

Idln IIFY: "Hie tension /•* in the stnng must be the same as the weight of the hanging block, and must also 
provid: th: resultant force necessary to keep the block on the tabV: in uniform circular motion. 

SET UP: The acceleration of the block is a - r 2 tr . directed toward the hole. 


Execute: Mg - F - w—. so »• - JgrMim. 


EVALUATE: The hrger M is th: creator must be the speed r, if r remains the same 
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5.115. 


IDLMIFY: Apply V / - ina to the circular motion of the bead. Also use l:q.(5.16) to relate to the period of 
rotatii^n T. 

SKI UP: The bead and hoop are sketched in Figure 5.115a. 



The bead moves in a circle of radius 
R-r% in//. 

The norma) fcece exerted on the bead by 
the hoop is radially imvard. 


Figure 5.115a 

The free-body diagram for th: bead is sketched in Figure 5.115b. 

EXKCTTl: 

nca&p-mg - 
n — mg /cos fl 

I'.—. 

risin fl - m 

Combine these two cquitions to eliminate n: 
unfl - rrxj. 



cos p 
*' n /1 
cos/y g 

a tsl - v*/R and v — 2 trRfT, so a tmt - 4where T is the time ferooe revolution. 

. * Ax'rsinfl 

.... , sin/f 4.T>sin// 

Use this in the above equation-- 

<■<«/» T‘g 

This equation is satisfied by sin p - 0. so fl - 0. or by 

1 4**r ,. , „ T'g 

cm/i r : g b 4 t *>* 

(a) 4.00 lev' implK* T- (1/4.00) i - 0'50 % 

r . _ (0.250 *> : (9.K0 m'*) „ 

Then cos tf --and fl - 81.1 •. 

4t (0.100 m) 

(l>) This would nx-an fl - 90*. But cos 90* - 0. so this requires T -> 0. So fl appreuches 90 : as the hoop rotates 
very fast, but fl - 90° k not possible. 

(c> 1.00 nVi implies T - 1.00 s 

T*g (1.00 s)*(9.R0 mta J ) 

The cos fl - -—equation then says cos p - ---j—-- 2.4K which is not possible. The only way to 

have the V F - ma equations satisfied is for sin/f - 0. This means fl -0; the head sits at the bottom of the hoop. 
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5.116. 


5.117. 


5.118. 


Evaluate: p -> W as T -> 0 (hoop moves faster). The largest value T can have is given by T*gi(4x*r) - 1 so 
T - 2 .Tyfrtg - 0.635 s. Thts corresponds to a rotation rale of (1/0.635! rev s - 1.58 rev's. For a rotation rale lew 
than 1.58 rev's, fi - 0 is the only solution and the bead sits at the bottom of the hoop. Part (cl is an example of this. 

IDENTIFY: a. - — and a - ~tocrfcuble the components of the net force. 

SKT UP: The components of F determiw its magnitude and direction. 

Execute: (a) Differentiating twice, - -6/Tr and a t - -2«$. so 

F.-ma .=(2.20 kg»< -0.72 N/s)f = -<1.58 Nfr)r and F % = ma, -(2.20 kg)(-2C0 m/s J ) —4.40 N . 

(l>> The graph is given in Figure 5.116. 

(c> Al ( - J.00 *. /; - -4.75 N and F t - -4.40 N. ii> F ^ % /<-1.75 \)‘ i- (-4.40 N) 1 - 6.4S N at an Jngfc of 

-““I 3 S)* 225 ' 

EVALUATE: F is constant and negative. F is zero at t - 0 and beconxs increasingly mcec negative as / 
increases. 

i (ml 



rim 


I DEN 11FY: The velocity is tangent to the path. The acceleration has a tangential component when the speed is 
changing and a radial component when the path is curving. 

SKT UP: is toward the center of curvature of the path is parallel to r when the speed is increasing and 

intiparallcl tor when the speed is decreasing. The net force F is proportional to a 
Execute: The diagram is sketched in Figure 5.117. 

EVALUATE: v . a . and F all change during the motion. 

v -0 - 



IDENTIFY: Apply ^F - mu to the car. It has acceleration a w . directed toward the center of the circular path. 
Si:r UP: The analysis is the same as in Example 5.24. 

Execute: (■> F. -ml g* — ‘-<1.60 kg)| 9.S0mj't ——1-61 K N. 

R I 5'XI in 


<•*> = 
1C 


9.S0mV- ll - 0m * 1 


5.1X) m 

pushes down on the car. The magnitud: of this force is 30.4 N. 
Evaluate: W>K|.|Fl-^. 


-30.4 , whete the minus sign indicates that the track 
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5.119. 


5.120. 


5.121. 


iDiXniY: The analysis is the same as for Problem 5.96. 

SET UP: The speed is related to the period by v - 2xRjT - 2*A(tan fi) T. or T - IrAttan fi)fv. 
Execute: The maximum and minimum speeds are th: same as those four*! in Ptxtolcm 5.96, 


_ cos p + v sin /> 

Ki4=-.1 tfAtan/J——^-- and v 

sin J>- u cos/> 


vj\ tan H 


cos p - p sin p 
sini ?-f i/ cos// 


The minimum and maximum values of the period T arc then 
T - 2.7 


m P-P, 


P wsff+tfi m/> 


ind / - 2r 


ft tan p sin p + p % cos /I 
£ cosi? - ri sin// 


Evaluate: Tor u - 0 the results for the speeds reduce to \\ - v - Jeh . h -The result for v then 

tan // 

agrees with the rcoilt in Example 5.23. if we take into account that in this problem fi is measured from the vertical 
whereas in Example 5.23 it is measured relative to the horizontal. 

IDENTIFY: Apply V F - ma to the block and to the wedge 

SET L’P: For both parts, take the x -direction to be horizontal and positive to the nght. and the y*direction to he 
vertical and positive upward. The normal force between the block arxl the wedge is ;j: the normal force between th: 
wedge and the horizontal surface will not enter, as th: wedge is presumed to have zero vertical acceleration. The 
horizontal acceleration of the wedge is A. and the components of acceleration of the block arc and a 
Execute: (u) The equations of motion are then A/! - -nsintz . ma, - rvsina and ma r - nco&a-mg . Note 
that the no rim 1 force gives the wedge a negative acceleration; the wedge is expected to move to the left. These are 
three equations in four unknowns. .4. a t% o and n. Solution is possibV: with the imposition of the relation between 
A. a t and a t . An observer on the wedge is not in an inertial frame, and shoukl not apply Newton’s laws, but the 
kinenxitie relation between the ccenpomts of federation are not so restricted. To such an observer, the vertical 
acceleration of the bkiek is a ,. but the horizontal acceleration of the block is <j 4 - A. To this observer, the block 

descends at an angle a % so the relation needed is-- - tan a. At this point, algebra is unavoidahV: A 

possible approach is to eliminate a by noting that a - - . using this in the kinematic constraint to eliminate 

HI 

iz and then eliminating n. The results arc: 


A- 


i M + m) tantz -t (3//tan a) 

_ & _ 

|Af -f it) tanrz - (A/,'tan a l 

-WA/ -t m) tan« 


’ 1 . 1 / + i»r) Uiur -f {A/’tan r /1 

[b) When M » m,A -> 0. » expected I the large block won’t move). Also. 

v tan n 

— > --- v - ? sin a cos a which is tb: acceleration of the block | psinr/ in this easel, 

un at(l/luia) lanfl.l 

with the factor of coscr giv ing the horizontal component. Similarly. <i. -gsin J a . 

(c) The trajectory is a spiral. 

Evaluate: If m ».1/ . our general results give a -(land »r - -g . The massive block accelerates straight 
downward, as if it were in frcc*fall. 

Identify: Apply y /•’ - ma to the block and to the wedge 

SET L’P: From Problem 5.120. ma t - ns\na and ma r -«cosa-mg for the block. a t - Ogives a t -gtan a . 
Execute: If the blixk is not to move vertically, both the bl<xk and the wedge have this horizontal acceleration 
and the applied force must be F - 11/ + m)a - (Xf r mlgtanr/ . 

EVALUATE: F -* 0 as a -> 0 and F -* r. as a -t ^. 
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5.122. 


5.123. 


5.124. 


iDEMlfrY: Apply £/’* - tna 

SET CP: Let he directed up the romp 

Execute: The normal force that the ramp exerts on the box will he n - ncosa - Tsina . The rope provui^ a farce of 
7cos0 up the ranp. and the compoooit of the weight down th: ramp k wtmfi . Thus, the net force up the ramp is 
F - Tco%0- it unn -/j t (wcoscr -Tsintf) - 7*(co«0 + ^/ t sin0j- M(xina -t ^/ t cos*r) 

The acceleration will be the greatest when the first term in parentheses is greatest and this occurs when tan# - 
Evaluate: Small 0 means F is more nearly xn the direction of th: moboa. But 0 —» 90° means F is directed to 
reduce the normal force and thereby reduce frxliora Th: optimum value of 0 is somewhere in between and 
depends on . When /j 4 - 0 . the optimum value of 0 is 0 - 0° . 

IDEMIFY: Use the results of Problem 5.44. 

iif f 

SET L’P: / (x) is a minimum when — - 0 and —- > 0. 

dx dx' 

Execute: (u> F -//^-.(costf * tt*m0\ 

|b| The graph of F versus 0 is given in Figure 5.12.1. 

(c) F is minimized at tan# - For ^ - 0.25 ,0 - 14.0°. 

EVALUATE: Small 0 means F is more nearly xn the direction of the motion. But 0 -> 90" meant F is directed to 
reduce the normal force and thereby reduce fncliora Th: optimum value of 0is somewhere xn between and 
depends on u . 


330 

240 


E.N) 


160 



0 10 20 30 40 5(i tO TO 9) 90 
0fdcg) 

Figure 5.123 

Idem m: Apply Y F - trrn to the ball. At the terminal speed, a - 0. 

Set UP: For convenient, take the positive direction to be down, so that for the baseball released from rest, the 
acceleration and velocity will be positive, and the speed of the baseball is the unw as its positive component of 
velocity. Then the resisting force, directed a$iinst the velocity, is upward and hence negative. 

Execute: (u) The frenbody diagram for the falling bill is sketched in Figure 5.124. 

(b) Newton’s Second Law is then au - mg - £>v*. Initially, when v - 0. the acceleration is#, and th: sp>:d 
increases. As the speed increases, the resistive forec increases and hence the acceleration decreases. This continues 
as the speed apprvuebes the terminal speed. 

|c> At terminal velocity, a - 0. so v, m a S^ ctncn< with Lq. (5.11). 

(d) The equation of motion may be rewritten as-(v- r*). This is a separable equation and may he 


. I 


^ ocd “ 


Evaluate: tanh.t- 


■ 

e* — 


— arctanh — -£L. r - v tanhl gtj 

v. V. vT 


At 1 —> 0. tanhfgf/v.) ->0 and v->0. At / -*x. tanhl ?f.'v.W x and v-*v 



1 


Figure 5.124 
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5.125. 


5.126. 


5.127. 


iDLMin: Apply V F - tna to each of the three masses and to the pulley B. 

SET UP: Take all accelerations to tv positive downw ard. The equation* of motion are straightforward, but the 
kmemitic relations between th: accelerations, and the resultant algebra, are rxit immediately obvious. If the 
acceleration of pulley B is <i rf . then a w = -a t . and a M is th: average of the accelerations of misses 1 and 2. 


Execute: (a> There can be no net force oo the massless pulley B, so T t - 2T t . The five equitions to he solved 
arc then mg ~T t - m x a l . m.g -T A - Ma 3 . mg - 7, - m k a i . a t + a 1 + 2d, - 0 and 27, — T c - 0. These are five 
equations in five unknowns, and may be solved by standard nvans. 

The acccVdalion* a and a 3 may he eliminated by using. 2d. - ~ia { -f a 3 ) - -(2g - 7,((1 /au )+(l^))). 

The tension T t may be eliminated by using 7, - (1/2)7; = (l/2)m i (g-a’j). 

. -4«i.m, -t oKitt, ♦ ww, 

C onwininu and solving tor a, gives a t - g - 

4m,m, r mm, t m./w, 

(b) The acceleration of the pulley B has the same magnitude as o, and is in th: opposite direction 

(c) a - g - — - g -- v -——(g -o 1 .). Substituting the above expression for u, gives 

2 m. 2 m. 




Amjh 3 - 3m. Wj -t m,m 4 


4"i.m. - iniwi, t mm, 


(d) A similar analysis <or. interchanging the labels 1 and 2) gives a 3 = g 

Amm »♦ mjh, + m,w 4 

(eh (0 Once the acccleratxms are known, the tensions nay hv found by substitution into the appropnate equation 


of motion, giving 7 - g 


-it 


Amm 2 ♦ mm t -f m,m, 4m,w ; + m : m h -t m,m < 

Is) If nt, - -m and m■ - 2m. all of the accelerations are zero, T t - 2 Mg and 7, - mg. All misses and pulfcys 
are in equilibrium, and the tensions are equal to th: weights they support, which is whit rs expected. 

Evaluate: It is useful to consider special cases. For example, when »\ - m. » m, our general result gives 
a { = a } = + g and a t --g . 

IDENTITY: Apply V F - mo to each block. The tension in th: string is the sime at both ends. If T< w for a 
block, that block remiins at rest. 

SET UP: In all cases, the tension in the string will he half off*. 

Execute: (u) F/2 - 62 N. which is insufficient to raise cither block: a { - a s - 0. 

(b) F/2 - 62 N. The larger block (of weight 196 X) will not mov e, so it, - 0. but the smaller block, of weight 

9R N. has a net upward ferce of 49 X applied to »t. and so will accelerate upwards with a : - - 4.9 m/s' 

(c) F/2 = 212 X. so the nd inward foree on block A is 16 N and that on block B is 114 N. so 

_ _ )6N _ a O S m/s 2 and a, = - 1 * - * -■ - 11.4 m/s 2 . 

1 20.0 kg 2 10.0 kg 

EVALUATE: The two blocks need not have accelerations with the sane magnitudes. 

I DEN I1TY: Apply V /’* - mo to the ball at each position. 

SET Up: When the ball is at rest, a - 0. When the hall is swinging m an arc it has accelcratxin component 


* 


— . directed inward. 


EXECUTE: Before the horizontal string is cut. the ball is in ojuilibnum. and the vertical component of the tension 
force must hilancc the weight, so 7*,cos/( - w or 7, - w/cos/7 . At point B. the ball is not in equilibrium: its speed 
is instantaneously 0 . so there is no radul acceleration, and the tension force must halaixe the radial component of 
the weight, so T k = wcaifl and the ratio (7^/7,) - cos' fi . 

EV'ALUaTE: At point B the net force on th: hall is ixk zero: th: hall his a tangential accclcraticei. 
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6.1. IDENTITY: Apply Fq.<6.2). 

SET UP: Tbc burkct rises slowly, so Ihc tension in the rope nav be taken to be tlx bixkct's weight. 

EXECUTE; (u) »' - Fs = ngx - (6.75 leg! (9.K0 m’* J )(4.00 ml - 265 I. 

(b) Gravity is directed opposite to the direction of the bucket's motion, so FqX6.2) gives the negative of the result of 
pari Uk or -265 J . 

(c> Tlie total work done on the bucket is zero. 

EVALUATE: When the force is in the direction of the displacement, the force does positive work. When the force is 
directed opposite to the dispiicement. the force dexs ixgativc work. 

6.2. IDKXYITY: In each case the forces an: ccmvtant and the displaccnxnt is along a straight line, so M* - Fvcos^. 

SET UP: In part (a>, when the cable pulls horizontally p - O' and when it pulls at 35.0 1 above the horizontal 
p - 35.0°. In port lb), if the cable pulls horizontally p - ISO*. If the cable pulls on the car at 35.0° above the 
horizontal it pulls on the truck at 35.0° below the horizontal are! p - 145.0°. For the grav ity force p - 90 : . sirxc the 
force is vertical and tlx dcsplacenxnt is horizontal. 

EXECUTE: (u) When Ihc cable is hon/onlal. \V = <850 N«5.00» I0‘ m)caiCC-425«I0 > J . When ihc cable 1 % 
35.0° above Ihc bonmnul. W = (850 NH5.00.IO' m)co%35.Cr-. 3.48x10’ J. 

<l>> cos I SQ“ s - ci»0 c ’ and cosl4S.0° = -toiJ5.C’ .sotbe answers are -4-26« I O' I and -3.4SxlO'J. 

(c) Since couf - eosW - 0 . W - 0 in Ixilh caws. 

Evaluate: If the car and truck are taken together as tlx system, tlx tension in the cable does no net work. 

6.3. IDENTIFY: Each force can he used in tbc relation W = F * - (fcos#h for ports (b) through <dl. For port |c). apply 

the net work relation as -t If, -t IF,. 

SET UP: In order to move the crate at constant velocity, tbc worker must apply a face that equals tbc force of 
friction. F.^, - ^n. 

EXECUTE: I at The magnitude of the force the worker must apply is 

F m f k ^ » k n = /i t mg -(0.25)(30.0 kg)<9.80 m s 1 )- 74 N 

<l*> Sirxc the force applied by the worker is horizontal and in the direction of tbc displaccnxnt. p - 0° and tbc 
work is: 

11 wu. -(*■..«. cos*).T-((74 N)(cos0‘)](4.5 m) = -*333 J 
<c) Friction acts in tbc direction opposite of morion, thus p - 1 S0° and the work of friction is: 

\Y, = (/,co*tf)«=|<74 N)( cosl80°ll(4.5 ml - -333 J 

(d) Both gravity and the normal force act perpendicular to the direction of displacement. Thus, neither force does any 

work ixi the crate and \\\ 4t - - 0.0 J. 

<e) Substituting into the net work relation, the net work dceie cci the crate is: 

W »IF . +»; + H+H' - +333 J + 0.0 J + 0.0 J -333 J - 0.0 J 

EVALUATE: The ixt work doex oo the crate is zero because the two contributing forces, F Hm ^ and /*,. are equal in 
magnitude and opposite in direction. 

6.4. Identity: The forces arc constant so FqX6.2) can be used to calculate tbc week. Constant speed implies a - 0. We 
must use y f - ma applied to the crate to find the farces acting on it. 

6*1 
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(a) SSI Up: The frec-body diacram f»>r the crate is given in Figure 6 


SI 


6 . 6 . 



Execute: £/* -ma t 
n - mg - /'sin 30° - 0 
n -rug* /*tin30‘ 

A - W r F (K « n 30 


Z F - 3 «- 

/*cos3(T-/ k =0 

fcot30 : - // t sin30 , r- 0 


/- 


X25t >0 0 Kg <9 SO in s ) 


cos3(T - s«n 30- cos 3(T - {0.25|sm 30' 

(b) H; ^ (rcos#)i ^ <99.2 N)cos30 c "K4.5 m> - 387 J 

(/‘co*30° is the hori/ceital component of the work done by /' it the displacement timet the coirponent of F 
in the direct ic«i of the displaccnxnt.) 

(c) We hive an expression tor f k from part (a): 

ft = /*("■* + FrinW) = <0.250)1(30.0 kgM9.S0 m*V(W2 NM*in30 a )1^85.9 N 

# - ISO' since f \ is opposite to the dispUccmcnt. Thus W f - (J k cos#*v - (85.9 NKcasl80°X4.5 ml - -387 J 

(d) The normal force is perpendicular to the displacement so # - 9CF and W m - 0. The gravity fcece <the weight) is 
perpendicular to the displacement to # - 90 : and W m - 0 

(e) W m ^ W ( t W, -f W A * W m =. f 3S7 J ♦ (-387 J) -0 

EVALUATE: Forces with a compnncnt in the direction of Ih: displacement do positive week, forces opposite to the 
displarcmcnt do negative work and forces perpendicular to the dispLiccmcnt do zero work. The total work, obtained 
as the sum of the work done by each fbrec. equals the work dixie by the net force. In thrs problem. F^ -0 since 
a - 0 and W m ■- 0. which agrees with the sum calculated in part <c). 

iDEMIfrY: The gravity force is constant and the displacement is along a straight line, so W - Fs cos#. 

SET Up: The displacenxnt is upward along the Lidder and the gravity force is downward, so 

# = IS0.0 ; -300° = 150.0°. w - mg - 735 N . 

Execute: (u) If' ^ (735 NM2.75 m)co* 150.0° ^-1750 J 

|h) No. the gravity force is independent of the motion of the painter. 

EVALUATE: Gravity is downward and the v ertical component of the displacement it upward, so the gravity force 
does negative work. 

I DENIWY and S»:r UP: Wj - t/’cos#U. since the forces are constant. We can calculate the total work by summing 
the work done bv each force. The forces are sketched in Figure 6.6. 


EXECUTE: W\ -Tacos# 
»;-(l.80*10* NH0.7S*!0‘ mlcoilJ 
If. -1.31*10’ J 



»•, = f.vc<urf -h; 


Figure 6.6 

w >. -»>•*',-A 1 Jl« | 0 v , )- 2 . 62 xl° v I 

EVALUATE: Only the component /‘cot# of force in the dirccticei of the ditplaccnxnt does work. These 
components are in the direction of s so the forces do positive work. 
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6.7. 


6.9. 


6 . 10 . 


6 . 11 . 


6 . 12 . 


IDENTIFY: All forces an: constant and each block mine* in a straight line, so W - Fs cos$$ . Tbc only direction the 
system can move at constant speed is for the 12.0 N block to descend and the 20.0 N block to move to the right. 

SET UP: Siixc the 12.0 X Mock moves at constant speed, u - 0 foe it and the tension T in the string is T - 12.0 N . 
Since the 20.0 N block moves to tbc right at constant speed the fraction force f t on it rs to the left and 
/; = r = i2.0N. 

Execute: (■) (i) 1 = 0* and W = (12.0 NK0.750 m)cos0° = 9.00 J .<ii> <^lS0°and 
W -{12.0 NX0.750 m)oosl80° - -9.00 J . 

0>»(i) *-90° and JT = 0.(ii) ^^0°and M* = (12.0 X)(0.750 m)cos0 e = 9.00 J . (iii) ^-IS0 & and 
W ^ (12.0 NK0.750 mlcoslKO’ - -9.00 J . (iv) d - 90 1 and W' =0. 

(c) - 0 for each blork. 

EVALUATE: Tor cich block there are two forces that do work, and for each block tbc two forces do work of equal 
magnitude and opposite sign. When the force and displacement arc in opposite directions, the work done is 
negative. 

IDENTIFY: Apply Eq.<6.5). 

SET UP: / / = /•/-!ami i j = / i = 0 

Execute: The work you do is F s = ((30 N>f -(40N>/) «-9.0 m)/ -(3.0 m) j) 

F i = (30 N)(-9.0 m)* (-40 NX-3.0 ml = -270 N m-f 120 N m - -150 J . 

Evaluate: The x-component of F docs negative work and tbc y-component of /•* docs positive work. The total 
work done by F is th: sum of the work done by each of its components. 

IDENTIFY: Apply Eq.<6.2)or (6.3). 

Set UP: Tbc gravity force is in lb: -y-direction. so F % - -*^(y } -v,) 

EXECUTE: (u) (it Tension force is always perpendicular to the displacement and dors no work. 

(ii) Work done by gravity is -ig(y 3 -y,). When y, - v 3 , - 0 . 


<b) (il Tension docs no work. Iii) Let / be the length of the string. - -mg<yj —y,) - -mg{2t) - -25.1 J 
Evaluate: 111 part (b) the displacement is upward and tbc gravity force is downward. so the gravity force docs 
negative work. 

I DIMITY: A = jmv 1 

SET Up: 65 nu h ^ 29.1 m s 

Execute: (u) A =^<750kgX29.l mb) 1 =3.18x10*J 

<l>) A - rW»;. Aj - 7 M \:. with \\ - v,/2, so A ; -•m<»’,/2) i = l(^/ni'*) = A,.'4 . The change in kinetic energy is a 
decrease of . 


(c) A, - AA . - constant, so — 

‘ !* 2 1 * 


A> 


\\jK. K - (65 mi lh)$K,/K, - 46 mi h . 


Evaluate: Since A - i*. »o have half the kinetic energy the speed must be less thin hilf of th: original speed. 
IDENTIFY: K - t miv * . Since the meteor comes to rest the energy it deliver* to the ground cquils its original kinetic 
energy. 

SET L’P: v a 12 km s = 1.2x10* ms . A 1.0 megaton bomb releases 4.l84x itf * J of energy. 

Execute: (u) A -i(1.4x \tf fcg)(1.2x 10* ms) 1 = I Oxio'* J . 


(h) —!y - 2.4 . The energy is equivalent to 2.4 one-megaton bombs. 

Evaluate: Part of the coogy transferred to the ground lifts soil and rocks into the air and creates a large 

enter. 


IDENTIFY: A - Auiv . Use the equations for free-fall to find the speed of the weight when it reaches the ground. 
SET Up: Lstimatc that a person bis speed 2 in s w hen walking and 6 m/s when running. The miss of an clcclnxi n 
9.11x10 “ kg. In part (c) take n downward, no a, --*9.10 m . Estimate a shoulder hcighl of 1.6 m. 


EXECUTE: (b) Walking: K - 4(75 kg*2 mis)' - 150 J Running: K - 4(75 kgK6 m<) : - 1400 J . 
(Ii| K - 4(9 11x10 11 kgH2.19x 10’ »'»)’ = 242x10 " J . 

(t) t-2a.(v-v,) gives v, - ^219-XO ms')(1.6 in) - S.6 m/s. K - 4(1.0 kgR5.6 m'a) 1 = 16 J. 




6-4 Chapter 6 


6.13. 


6.14. 


6.15. 


6.16. 




— 2.6 mfe. Yes. this is reasonable. 

30 kg 

EVALUATE: A walking .speed of 2 in s corresponds to walking a mile in about 13 min. A running speed of 6 m'i 
corresponds lo running a 100 m dash in about 17 x. 

IDENTIFY: A - r«iv J . Set up a ratio that relates A'. n\ and i*. 

SETUP: m x , -1836m, 

Execute: (u) K p - a; gives - m,vj. V, = v 9 yjm 9 /m t - rJlK36 - 42.8SA . 

(b> V - v gives ~ ~ *.(“, 1 ». I - 1 

Evaluate: The electron has less mass so must travel faster to have the sanx kinetic energy. And with equal speeds 
the proton has more kinetic energy. 

IDENTIFY: Only gravity does work on the watermelon, so - Hj Mf . l\\ A - AA' and A - y-wr*. 

SET L’P: Since tlx watermelon is dropped from rest. A', - 0. 

Execute: (u) H' - mgs ^ <4.80 kg*9.80 m'l 1 #25.0 ml - 1180 i 


|b) H' - A'. - A' so A.-I ISO J . t-J—’ -22.2 m* 




211 ISO J| 


(c> The week done by gravity would he the same. Air resistance would do negative work and would he less than 
H* . The answer in (a) would he unchanged arxl bath answer* in lb) would decrease. 

EVALUATE: The gravity force is downward and the displacement is downward, so gravity docs positive work. 
IDENTIFY: “ A\ - A' ( . In each ease calculate W %A freen what we know about the fcecc and the displacement. 

SET UP: The gravity force is mg % downward. Tlx friction force rs f k - - fii k mg and is directed oppnsite to the 

displxcmcnt. The mass of tlx object isn't given, so we cxjxct that it will divide out in the calculation. 

Execute: (u) A,-0. JT m = =-mgi. mgs -4mvC and v } ^ jlgl -^219*0 ms M95.0 m) -43.2 m's . 

(b ) A\ - 0(at the maximum height!. \\\ 4 - W*^ - -mgs . -mgs - -^ft-'and 
v, ^ Jigs - J2<9 K0 m i X i X525 ml - 101 m'i. 


- n _ 


(5.00 m s) 


- 5.80 m. 


(c) A' - Aim 1 ,* A. - 0 . IF. t - H\ - -un\gs. -flames ±im\* . s --- 

• ‘ • - 2 WiS 2(CI.220)|9.K0 mV) 

«l> K - ~mv ‘. K, - -™>:. W„ - If’, - - A m gs. K, = + K, . . >’ 

v, - ^v ! - 2 fijp - ,/lS.OO m»> ; -2(0.220*9.80 mV)<2.90 ml - J.S3 mi. 

(e) K - iiwi'i*. K. -0 . - -mgy ,. where v. H the vertical liceht. -mgy s - - inn,' and 

v* < 12.0 mi) J 
2g 2(9.SO ml ) 

EVALUATE: In parts (cl and (d>. friction docs negative work and the kinetic energy is reduced. In part fa). gravity 
docs positive work and the speed increases. In puts (b) and |c). gravity docs negative work and the speed decreases 
The vertical height in part (c) is independent of tlx slope angle of the hill. 

IDENTIFY: From the work-energy relation. W - If^ . 

SET UP: As the rock rises, the gravitational force. F - mg % does work on the rock. Since this force acts in the 
direction cfipasitc to the motion and displxcmcnt. s, the work is negative. Let h be the vertical distance the rock 
travels. 

Execute: (u) Applying lf rji - K } - A, we obtain -mgfi - imrC - ?m\\ . Dividing by m anel solving for »•,. 
v ( - yj\i -t 2 gh . Substituting h - 15.0 m and v } - 25.0 m'i. 

v, ^ V<25.0 ms)* ^ 2«9J<0 m x*')(15.0 m) ^ 30.3 m s 
(b) Solve the same work-energy relation for A*. At the maximum height i\ - 0 . 

LI-' . , , (30.3 inkl*-(0.0 mf*) 1 

-mgh - i --«iv and h -1--46.8 m. 

* 7 * 7 2 g 2(9.80 m s ) 
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6.17. 


6.18. 


6.19. 


6 . 20 . 


Evaluate: Note that the weight Ot* 20 N was never used in tlx calculations became both gravitational potential 
ind kinclK energy are proportional to mass. m. Thus any object, that attains 25.0 ms at a height ot’ 15.0 m. must have 
in initial velocity of 50.3 in's. As the rock moves upward gravity docs negative week and this rcdiarcs the kinetic 
energy of the rock. 

IDENTIFY and S*:r UP: Apply fiq.(6.6) to the box. Lei paint 1 hr at the bottom of the incline and let poont 2 be at 
the skier. Work is done by grav ity and by friction. Solve for A, and fnwn that obtain the required initial speed. 
Execute: JT m = A\ - A, 

A ',K . - 0 

Work is done by gravity and friction, so 
- -WgO'i ~ Ji» - -m?/i 

IF - -/v. The normil fiwce is n - mg cm a and x - h /sin a. where v is the distance the box travels along the 
incline. 

W ( - ~{j/ t mgco%aHkjs\na) - -^mghftana 
Substituting these expressions into the work-energy theorem gives 
-myh - iLmghfXana - - -m r*. 


-If* 


Solving far v B then gives v, - ^2g*(l + tana) 

EVALUATE: The result is independent of the mass of the box. As a —* 90\ h - s and v v - the sam: as 

throwing the box straight up into the air. For a - 90° the normal fccce is zero so there rs no fraction. 

IDLMIFV: Apply W - /^scos^ and =- AA . 

SET UP: Parallel to incline, force camponmt IF. - mgunti . down incline: dtsplacenxnt s - /i<'smr/ . down incline. 
Perpendicular to the incline: x - 0. 

Execute: (u) IV - (mg sin a X h sinr/) - mgb - tt\ - 0, since there is no displacement m this direction. 

IF t - IF r tV - mi?/i. same as falling height h. 

(b> - A’, gives mgk - y/wr* and v - yflgk . sime as if had been dropped from height h. The work done by 

gravity deprnds only on the vertical dcsplaccrrcnt of the object. When the slope angle is small, there is a small force 
component in the direction of the displacement but a large displacement in this direction. When the slope angle is 
large, the force component in the direction of th: dcsplaccrrent along the incline is larger but the displacement in this 
direction rs smiller. 

(c> h - 15.0 m , so v- N i '2gh - 17.1 s. 

Evaluate: The acceleration and time of travel arc different for an object sliding down an incline and an object in 
free-fall, but the final velocity is the same in these two cases. 

IDENTIFY: W m - A ; - A, w ith IF M - tV. . The ear slops, so A } - 0 . In each case identify what is constant and set 
up a ratio. 

S»:r L'P: W, --ft. to my;. 

I mi in: la) v. ?v.„. i D fincomtanl — — cocutanl. v> 1- . I — !k'-i •*/> 

« "t ' i- \ 


(h) f \ -3/. y, is constant, fs - «rvrt*r - constant . so fx - ( k s t . 




Of 3. 


.V* 

EVALUATE: The Stopping distance is proportional to the square of the initial speed. W hen th: friction force 
increases, the stopping distance decreases. 

IDENTIFY and s*:r UP: Apply liq.(6.6). The relation between the speeds \\ and \\ tells us the relation between A, 
ind Aj. 

Execute: (u> w ^ A. - A 
K - 1/wr*. A s - 

v, - iv give* that K, - X )• - ^ 

(b| EVALUATE: A' depends only on the magnitude of r not on its direction, so the answer for tV in pari <a) does nor 
depend on the final direction of the electron’s motion. The electron slows down, so its kinetic cnrrgy decreases and 
the total work done on it is negative. 
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>. 21 . 


ill 


ill 


>.24. 


ill 


Idfaiify: Apply W * Fs cos^and W m AA . 

Set Up: ^ = 0° 

EXECUTE: From liquations (6.1), <6.5 > ami (6.6). and wiving for F\ 

F SK i:cjkg)<|6<)0.:i sr-(4<K)m Sl ; . „ ^ 

i x <2.50 m) 

Ev aluate: The force is in tlx direction of the displacement, so the fonre docs positive work and the kinetic energy 
of the ctojcct increases. 

IDENTIFY and S*:r UP: Use I:q.<6.6) to calculate the work done by the foot on the hill. Thro use Mq.(6.2) to find the 
distarxc over winch this force acts. 

Execute: W m =- A> - A, 

K - 4 mi* - 4(0.420 kgNlOO mi’s)' - 0.S4 J 
K, - imi-C - 440.420 kg|(6.00 m’s) 1 ^ 7.56 J 
H' m = K, - K, - 7.56 J - 0.K4 1 ^ 6.72 J 

The 40.0 N fonre ts the only force doing work on the ball, so it must do 6.72 J of work. IF, - (Foos^r gives that 

W 6.72 J 


FCOS? <40.0 NXcosO) 

EVALUATE: The force is in tlx direction of the motion so positive work is done and this is consistent with an 
increase in kinetic energy. 

Identify: Apply = AA. 

SET UP: v, - 0 . \\ - v. f k - F k m X and / k does negative work. The force F - 36.0 N is in the direction of the 
motion and diXN positive work. 

Execute: (a) If there is no work done by friction, the final kinetic energy is the work done by the applied force, 
ind solving tor the speed. 

IB 7 


2(36.0 N|<1.20 m> 
(4.30 kg) 




(l> F The net work is Ft - f.x - (F - fling)* . so 




2(360 N-(030X4.30 kgX9.R0 n/s')XI 20 ml 


-3.61 ms 


<4.30 kg) 

Evaluate: The total w ork done is larger in the absence of friction and the final speed is larger in that ca 
IDENTIFY: Apply W ^ Fs cose* and W ta - AA 

SET UP: The gravity force has magnitude mg and is directed downward. 

EXECUTE: (u) On tlx way up. gravity is opposed to the direction of motion, and so 
H' - -mgs = -(0.145 kgX9.80 m.* ! M20.0 m) - -2S.4 J . 

2C-2R.4 J) 


|b) v, - Jt' 12— - 1(25.0 


5‘ rn < 


145 kgl 

(c) No; in the absence of air resistance, tlx hall will hive the same speed on tlx way down as on the way up. On tlx 
way down, gravity will have done hath negative and positive work on the ball, but the net work at this height will be 
tlx same. 

Evaluate: As the brrsctxill moves upward, gravity does negative work and the speed of the basctull decreases. 

(a) IDENTIFY and SET Up: Use Eq.(6.2) to find the work dooc by the positive force. Then use Eq.(6.6) to find the 
final kinetic eixrgy. and thro K } - gives the final speed. 

Execute: w m - A\ - A„ so A* • + A, 

K - 4mif - 4(7.00 kgM4IXI mil' - 56.0 J 

The only force that docs work on the wagon is the 10.0 N force. This fonre rs m the direction of the displacement so 
0 - 0 ° and the fonre docs positive wc*k: 

W f = (AcosdM ^ (10.0 NXcot0K3.0 m)^ 30.0 J 

Then A\ = W + A, - 30.0 J + 56.0 J ^ 86.0 J. 


fC.-jmsj; v,- 




2<S6.U J> 
7.00 kg 


- 4.96 nvs 
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6.26. 


6.27. 


6.28. 


(b) Idf.mify : Apply Y f - ma to tlx wagon to calculate a. Then use a constant acceleration equation to calculate 


tlx final speed. Tlx free*body diagram is given m figure 6.25. 
SKt UP: 



Execvh: ^ F t - ma t 

F - ma, 

F 10.0 N 


1.43 m i 


* 7.00 kg 


Figure 6.25 


v,. - * 2a (*-«,» - 4 00 mi) *• 2)145 mVH3.0 ml - 4.96 n't 

EVALUATE: This agrees with the result calculated in pari {a). The force m the direction of tlx motion docs positive 
worit and the kinetic energy and speed increase. In part (b) t the equivalent statement is that the force produces an 
Acceleration in the direction of tlx velocity and this causes the magnitude of the velocity' to increase. 

Identify: Apply n; 4 ^ K 3 - . 

Set UP: AT, - 0 . The normal force docs no work. The work IK done by gravity is \Y - mg/i. where h - LiinO is 
the vertical distance the bkvk his dropped when it has traveled a distarxe L down the incline and 0 is the angle the 
plane makes with the hon/xmtal. 

EXECUTE: The work-energy tlxorem gives v - fc— - |--J2#A - AlgL%mO . Using the given number*. 

Y r? \ II 

v- ,/2<9S0 m.l'1(0.75 m) tin 36.9° - 2.97 m.'s. 

EVALUATE: The final speed of tlx block is tlx same as if it had been dropped from a height h. 

Identify : W m - K . - AT,. Only friction dees work. 

SIT t'P: - )•', - -/i.mgT. K. - 0 (cai Hops). K, - 4»iv’. 

EXICITK: |j) II - K. -K. give* -u.mev . s — 

2f,S 

v‘ (u 

(b)(it iv Wi - 2i/. . .sa —1— constant so s it - s i u u . .v. -1 t - x t2 . The minimum stopping distance 
*8 


wixild he halved. <ii| v - 2v, . —-constant 

2u lg 


= 4*.. THe flopping di 


hi tana 


would become 4 times as great, Hit) v- - 2v u . ia* - 2i/. —--constant. so ———-— . 

‘V -8 vk 






Tlx stopping distance would double 


EVALUATE: The Stopping distance is directly proportxral to the squire of the initial speed and indirectly 
proportional to the coefficient of kinetic friction. 

Idem if Y: The work that must lx done to mow the end of a spaing from x, to .v : is H* - 4**; - 4 -Lt* . Tlx force 
required to hold the end of the spring at displaccnxnt x is F - kx . 

SET UP: When the spring is at its unstreiched length, x - 0 When the spring is stretched, x > 0 , and when the 
spnng is compressed, x < 0 . 

Execute: (a) .r, - 0 and W* - Ikxi . k - ~ 1 1 — - 2.67 X10* N.'m . 

‘ * * t; (0.0300 m)* 

|b> F t - Ax - (2.67 x!0 4 N/m}(0.0300 m) - SO I N*. 

(c) X| — 0. x\ ^ -0.0400 in . 1 V ^(2.67 x 10 4 NmX-0.0400 m) J = 2l.4 J. 

F - kx - (2.67 x I0 4 N/mX0.0400 m) -1070 N . 

EVALUATE: When a Spring, snstially unstreiched. is either compressed or srrctchcd. positive work is done by the 
force that moves the end of the sprinu. 
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6.29. IDEA niY and SET UP: Use l:q.(6.S) to calculate A for the spnng. Then hq.|6.10l. with x t = 0. can be used to 

calcuhtc the wxirk done to stretch or compress the spring an amount j%. 

EXECUTE: Use the information given to calculate the force constant of the spiring. 

F - Kx gives A - —- - J-—- 3200 N/m 

.y 0.050 m 

(a) F = ix = (3200 NmKO.015 m) = 4S N 

(3200 N/mX -0.020 m)- -64 N (magnitude 64 N) 

<l» H—+tx 2 - 4(3200 NVmKO.015 my = 0.36 J 
W - 4 Ay 3 = 4(3200 mH - 0.020 m)* = 0.64 J 
Note that in each case the wort; dene ts positive. 

EVALUATE: The force is not constant during the displacement so Eq.|6.21 cannot be used. A force in the -t.r 
direction ts required to stretch tlx spring and a face in tlie opposite direction to compress it. The force /* is in the 
sanx direction ax the displaccnxnt. so positive work is dune in both eases. 

6J0. IDENTIFY: The magnitude of the work can he found by finding the area under tlie graph. 

SET UP: The area under each triangle is 1 «‘2 base x height . F t > 0. so the work done is positive when x increases 
during the displaccnxnt. 

Execute: (u> 1/2(8m*l0N )=40 J. 

<b) l/2(4mKI0N)=20J. 

(c> 1/2 (12 mXlO N>- 60 J . 

EVALUATE: The sum of the answers to parts (a) and (bl equals the answer to part <c). 

6.31. IDENTIFY: Use the w ork energy theorem and the results of Problem 6.30. 

SETUP: For v-0to i = L0m. H\ A =40 J.For * = 0to J = 12.0 m. » r M =60J. 

Execute: (■) >■- pK 40 J > _ ; g} m/5 

V lok ? 

(b) v-p«I-3.46mVs. 

Y 10 kg 

Evaluate: F is always m the r.v-direction. For this motion F docs positive work and the 
increases during the motion. 

6.32. IDENTIFY: The fixcc has only an x -component and the motion is along the .t-darcclion. so W 
SET UP: x t - () and x 3 - 6.9 m. 

EXECUTE: The work you do w ith your changing force is 

W - J " F (.Y)rfv = J 4 (-20.0 N My - J (3.0 S:m\xdx - (-20.0 N>.y|^ -(3.0 N/mK**/2> 

H* = -138 N • m - 71.4 Nm = -209 J . 

Evaluate: The work is negative because the cow continues to mine forwand tin the -fa direction) as you vainly 
attempt to push Ixr backward. 

6J3. IDEVIIFY: Apply Fq.<6.6> to tlx box. 

SET Up: Let point 1 be Just before the box reaches the end of the spring and let point 2 be where tlx spiring lias 
maximum compression and the box has momentarily come to rest. 

Execute: W m = A', - A, 

K t « 4w»f, A' % = 0 

Wort; is done by the spring face. \V %A = where t.. is the amount the spring is compressed. 

-4*y? - -y/wi’o and v> = v lX |«i7A - (3.0 m sij| 6.0 kg) (751X1 NVm) - 8.5 cm 

EVALUATE: The compression of the spnng irxrcases when cither v B or ni increases and decreases w hen A increases 
(stitTcr spring). 

6.34. lut.Mih: The force applied to the springs is F t = kx . Tlx work dnne on a spring to mine its end from v, to .y% is 
IF - 4 Ay% . Use the information that is given to calculate A. 

SET UP: When the springs arc compressed 0.200 m from their uncompressed length, .y, = 0 and = -41.200 m . 
Wien the platform is moved 0.200 in farilxr. x i becomes -0.400 m 


speed continually 
- f “Fdx. 
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6.35. 


6.36. 


Evaluate: (a) k - 


- 4000 S/m. F*kx- (4000 N>TnH-0.200 m) = -800 N . The 


2W 2(80.0 J) 

4-*; (0 200 m >*-0 

magnitude of force that it required tt 800 N. 

(b) To compress the springs from - 0 to x 3 - -0.400 m. the work required is 

W - 4 At? -4 kx; ^ 4(4000 N mK -0.400 m> : - 320 J . Th: additional work required it 320 J - 80 J - 240 J . For 
x - -0.400 m . F t = Ar - -1*00 N . The magnitude of force required is 1600 N. 

EVALUATE: More work is required to move the end of the spring from x - -4)200 m to x - -0.400 m than to move 
it from r - 0 to x - -0.200 m . even though the displacement of the platform is the tame in each case. The magnitude 
of the force increases as the compression of the spring increases. 

Idi.n IWY: Apply V F - ma to calculate the required for the static friction force to equal the spring force. 

SET L’P: (at The free-body diaunun for the ulider is given in Figure 6.35. 



Execute; - hut. 

n - mg - 0 

" s "g 


=ma - 

fi s mg -fa/ =0 

td 120.0 N.'m>O.OS6 ml f _ fi 
U ' mg (0.100 kgK9.R0mV) 

(l>> iDENtlH and SET L’P: Apply V /* - me to find the maximum amount the spring can he compressed are! still 
have the spring force bulanced by friction. Then use IV lA - K l - A, to find the initial speed that results in this 
corr^uessicei of the spring when the glider stops. 

Execute; ji/ng - kd 

f pmg (0.60)0.1(0 kg If 9.80 tin's* I rtnyM m 
k " 20.0 N m 

Now apply the work-energy theorem to the motion of the glider: 

*«■*!-*. 

A'. - 4/wr*. A'% - 0 {irtstantarcouslv stops) 

W m ^ -t -= - r M' -fi k mgd (as m Example 6.81 
IV A - - t < 20.0 Nm)0.02<M m) J -0.47(0.100 kgX9.S0 m s*X0.0294 ml - -4) 02218 J 
Then W - A. - A' 


-0.02218 J--4niv\ 


’(0.02218 J| 


D.67 in n 


0.100 kg 

EVALUATE: In Example 6.8 an initial speed of 1.50 m‘s congresses the spring 0.086 m and in part ta) of this 
problem we found that the glider doesn’t slay at rest. In port lb) wc found that a smaller displacement of 0.02$4 m 
when the glider stops rs required if it is to stay at rest. And wc calculate a smaller initial speed (0.67 m s) to produce 
this smaller displacement. 

IDEVI1FY: For the spring, W ^ 4Av* - Ikxi . Apply » r M - A', - A, . 

SET Up: x t - -0.025 mand ij-0. 

EXECUTE: (u> W - 4Ay ; ^ 4(200 X/mX-0.025 m) J ^ 0.060 J . 


2H’ 

(b) The work-energy theorem gives v 3 - J - 

cn 


210.060 JI 


- 0.18 tn n. 


(4.Dk S l 

EVALUATE: The block moves in the direction of the spnng force, the spring does positive work and the kincta; 
energy of the block increases. 
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6 . 37 . 


6 - 38 . 


6 - 39 . 


6 . 40 . 


Idln nfv and S*:r L'P: Th: migmludc of the work done by F t equals lb: area under the F s versus x curve. The 
work is positive when F t and the displaccnrait arc in the same direction- it is negative when tb^ f arc in opposite 
direction v. 

EXECUTE: la) F t is positive and the di^laeement Ar rs positive, so W > 0. 

W - 4(2.0 NM2.0 m> -t (2.0 NMI 0 nn) - *4.0 J 
<b) Dunng this displaccnx-nl /* t - 0. so W - 0. 

(c> F . is negative. Av is positive. so If <0. H' - -^(1.0 NX2.0 m>= -1.0 J 

(d) The week Ls the sum of the answers to parts (a). (bk and (c>. so W - 4.0 J*0-1.0 J = *-3.0 J 

(el The week done for x - 7.0 m to r - 3.0 m is *-1.0 J. This work is positive since the displacement and the force 

arc both in the -x-directicci. "Hie magnitude of the w ork dooe for v — 3.0 m to x - 2.0 m is 2.0 J. tb: area under f 

versus x. This week is negative since tlie disphsrement is in the -x direction and the force is in the -f.r-direction. 

Thus IF = +1.0 J-2.0 J =-1.0 J 

Evaluate: The work dooe when the car moves from x - 2.0 m to x - 0 is -4(2.0 XR2.0 ml - -2.0 J. Adding 
this to the work for x - 7.0 m to x - 2.0 m gives a total of W - -3.0 J for x = 7.0 m to x - 0. Tb: work for 
x - 7.0 m to x - 0 is the negative of the work for x = 0 to x - 7.0 m. 

IDEVIIFY: Apply 0 r M - K s - A, . 

SET CP: AT, - 0 . From Exercise 6.37. the work for x - 0 to x - 3.0 m is 4.0 J. W for x - 0 to x - 4.0 m is also 
4.0J. For x = Oto x = 7.0m. » r «3.0i. 

Execute: (u> K-4.0J.mi » - ^2 Kjm - ^2(4.0 J|/(2.0 kg| - 2.00 m's. 

(b) No work is done bclwcen x - 3.0 m and x - 4.0 m . so the speed is the same. 2.00 m s. 

(c) K - 3.0 J . «I v - 'JlK.'m - J2(.!0 »1(2.0 kg I - 1.73 m /%. 

EVALUATE: In c»:h case tlie woik done by /’is positive and the car gains kinetic energy. 

iDKMin and S*:r L'P: Apply Eq.(6.6). Let poent I be where the sled is released and point 2 he at x - 0 for port la) 
and at x - -0200 m for part l b). Use Eq.(6.10) for the work don: by the spring and calculate A\. Then K } -^xuvj 
gives v\. 

EXECUTE: (a) = K } - A', so A, = A, -t W k4 

A' - 0 (released with no initial velocityA\ - iiirvC 

Tlie only force doing work is tb: spaing force. Eq.{6.10| gives the work dooco« the spring to move its end tram .r to 
Xj. Tb: force the spring exerts <»n an object attached to it rs F - - Ar- so the work the spring dues is 

^-[ikx!- r ix;)-lkx : -Uxl Here x,--0.375m and r,-0 Thus IF , -2(4000 N m)(-0.375 mf-0 - 2SI J 


Ks = l' ( + H' -0*- 281 J - 281 J 



Then A\ - Imvl implx-s r. - .i-— i- - —1 - 2.83 m s. 


70.0 kg 


(b) A\ - A, + H' 
A =0 


II- If - 4 -Ay* -.Lv*. Now x > -0.200 m. so 


W ^ t(40O(> N mM -0.375 m) J -4(4COO N 'mK -0.200 m)* -281 i-80 J-201 J 


Tluis K 2 =0 + 201 J - 201 J and Ks - Imvt gives v, - I—s- - I—- - 2.40 ms. 


m \ 70.0 kg 

EVALUATE: The Spring does positive work and the sled gains speed as it returns to v - 0. More work is done 
dunng the larger displaccnxnt in part (a), so tb: spxd there is larger than in part (b). 

IDSMIFY: F t - Ay 

SET UP: When the spring is in cquilibnum. the sanx force is applxd to both ends of any segment of the spring. 
Execute: (u) When a fcccc /' is applied to each end of the original spring, the end of the spnng is displaced a 
distanre v. Each half of the spnng elongates a distance x\ . where x. - x/2 . Sinre F is also the force applied to each 


half of the spring. / - kx and / - * t x k . kx - * fc x^ and A h = A |_| - 2t. 




Work and Kinetic Energy 6-11 


6.41. 


<b) The same resuming ax in port la) gives k^ g - 34 . wlxre 4^ is the force constant of each segment. 

EVALUATE: Tor half of the xpnng the xame fone produces less displacement than for the original spring. Since 
k -Fix. xinaller x for the xanx F mcanx larger 1 

lDEM1F\ and T L*P: Apply Eq.(6.6) to the glider. Work ix done by tlx spring and by gravity’. Take point I to be 
when: the glider is released. In part (a) point 2 is where the glider lias traveled I .SO m and A', - 0. There two points 
are shown in Figure 6.41 a. In part <bi paint 2 is where the glider has traveled 0.S0 m. 

Execute: (u) H' m - - A', - 0. Solve for x,. the amount the spring is initially compressed 



W m *W m -0 

So 

iTlx spring docs positive work on 
the glider since the spring force ix 
directed up the incline, the same ax 
the dirccticei of the displacement ) 


The directions of the displacement and of the gravity force arc xhown m Figure 6.4 lb. 

W m - (wcox^).v - (mgcasl30.0°)r 
» - (0.0900 kg)(9.S0 mi'Xco»1300"Xl.S0 m) - -1.020 J 
(The component of w parallel to the incline is 
directed down tlx irxlinc. opposite to the 
displacement. xo gravity does negative work. ) 





figure 6.41b 



m | .Q20 | ).oo5 6S 
4 V 640 N In 


i 


|b) The spring wax compressed only 0.0565 m xo at thix point in the motion the glider is no longer in contact with the 
spring. Points 1 and 2 arc shown in Figure 6.41c. 



r u mK,-K, 

K < - K. * 

K > -o 


From part (»), »*„ - 1.020 J and 

H'_ = («gcoil30.0°)> = (0.0900 kgK980m.V)|c«»130.0 o H0.80 m)- -0.454 J 
Then K, -. IF =-*1.020 J-0.454 J = *0.57 J. 

EVALUATE: The kinetic energy in part <b| is positive* as it must he. In part (a). x 3 - 0 since the ipring force ix no 
longer applied past thix point. In computing the work done by grav ity we uxe tlx full 0.80 in the glider roovex. 

6.42. IDINIHY: Apply lf u - A\ - A' ( to tlx brick. Work ix done by the xpring force and by gravity. 

SET UP: At the maximum height, t - 0 . Gravity’ does negative work. - -mgh . The work dime by the spring 
ix ykd *. where d is the dixtancc the spring ix compressed initially. 

Execute: The initial and final kiixtic cncrgxs of the brxk arc both zero, so the net work doex on tlx brick by the 
spring and grav ity is zero, so <I/2)4J* - m^k - 0 . cc 

d - jlmgfi t - J2<I.S0 kg)9.S0 m/x ; X3.6 m)/(450 N/m) - 0.53 m. The spring will provide an upward force 
while the spring and tlx brick are in cceitact. When thix force g«xs to zero, the spring is at its uncompressed length. 
Hut when the spring reaches its uncompressed length the brick has an t^nvurd velocity and leaves the spring. 
EVALUATE: Gravity does negative work because tlx gravity force is downward and tlx brick moves upward. The 
xpnng force does positive work on the brick because the spring force is upward and the brick moves upward. 
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6.43. I DEVI : Apply the relation between crcrgy and power. 


SET UP: Use P -to solve i (»r IK. the energy tlie bulb uses. Then set this value cquil to intv* and solve for the 

At 

speed. 

Execute: »' - PAi =(loo\v>(3600s>=3.6xlo’) 


70 kg 

Evaluate: Olympic runners achieve speeds up to approximately 36 m's. or roughly one third the result calculated. 
6.44. IDOOIVY: Energy is power times time. 

SET I'P: I W = I Mi . i >r - 3.16- 10 f s . 

c> || Q- |0 'J > t >, 3 . 2 „|, w . 

(3.16x10 s/yr) 


Execute: 


[hi 


32x10' W 
3.0 -10' folks 


-1.1 kXV. person. 


3.2x10 W 


(cl A -- 

(0.40)1.0x10* W/m* 


0x10* - 5v00 km ; . 


EVALUATE: The area in purl (c) corresponds to a square about 2K km on a side, which is about 18 miles. The space 
required is not an impcdinvnt. 

» 

6.45. I DEV|m: P -1— AM* is tlie energy released. 

SET UP: AM’ is to he the sanv 1 y - 3.156x 10 s . 

Execute: P m Aj - AM* - constant. so /^.Af^, - P„„Af m . 

Evaluate: Since the power output of the nvignetar is so much larger than that of our sun. the mcchinixm by which 
it radiates energy must be quite different. 

6.46. iDEMltt: The thcrnul energy is produced as a result of the facte of friction. P - The average thcrrml 

power is thus the average rate of work done by friction or P* F.v^ . 


Set Up: i 




ms -t 0 


- 4.(M) m s 


2 \ 2 

Execute: P-Fy. ^[<o.2O0)(’O.Okg>i9.HOin%')j<40O nv’sl -157 XV 

Evaluate: The power could also be dclcrmircd as tlie rate of change of kinetic energy. A Kji. wliere the time is 
calcubtcd from v f - v + at and a is calculated from a force balaixe. /na - 

6.47. iDEvntv: Use the relation P - Fv to relate the given force and velocity to the total power developed. 

SETUP: lhp-746XV 

Execute: The total power is P - r,!* -(165 NK9.00 m*)- 1.49x |0‘ XV. Each rider therefore contributes 
'Ll.*, =ll.49xl0* X\ r )i'2 - 745 W * I hp 

EVALUATE: The result of one horsepower is very large: a rider could not sustain this output for long periods of 
time. 

6.48. iDEvntv and SET UP: Calculate the power used to make the plane climb against gravity. Consiiirr the vertical 
motxm since gravity is vertical. 

Execute: The rate at which work is being done against grav ity is 
/> = Fv^mgv - |700 kgX9.80 m s* K2.5 rn*)^ 17.15 kW. 

This is the part of the engine power that is being used to make the airplane climb. The fraction this is of th: total is 
17.15 k\V,‘75 kW -0.23. 

E\AEI'aTE: The power we calculate for making th: airplane climb is considerably less than the power output of the 
enuine. 
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AH' 

6.49. IDENTITY: - —— . riic week you do in lifting muss m a height h is m g/i. 

SET UP: I hp -= 746 W 

EXECUTE: la) Tlic number per minute would be th: average power divided by the week required to litT one 

. (0.50 hp) (746 WAp) , .. . . , . 

box. —-—- , 1 — -1.41 (s. or 84.6 /mm. 

(30 kg) (9.S0 m/s| (0.90 ml ' 


I b) Similarly. 


(100 W) 


-:-.-0.378/s. or 22.7 /min. 

(30 kg) (W0 m V > (0.90 m> ' ' 


EVALUATE: A 30 kg crate weight about 66 fcs. It is not forcible for a person to perform work at this rate. 

6.50. IDENTITY and SET UP: Use Eq.(6.15) to relate the power provided and the amount of work dene against gravity in 
16.0 s. 77ic work done aguimi gravity depends on the total weight which depend* on the number of passengers. 
Execute: Find the total mass that can be lifted 

_ AH' mgh Pj 

P =-so m- — 

" Ar t ?ii 


P. - (40 hpl‘ ■ 1 — = 2.984*10* W 
. I hp 


/ Li -,2.^ rl 0‘WH 6 °i ) _ 24l6x|0 ‘ 

yft (9.80 mfr , M20.0 m) 


Tlus is tlie total mass of elevator plus passengers. The mass of the passengers is 2.436x10’ kg-6<X) kg - 1.836x10* kg. 

The number of nissenucr* is I —!-Ll 2K.2. 2S passengers can ride. 

65.0 kg 

Evaluate: Typical elevator capacities are about half this, in order to hive a margin of safety. 

6.51. IDENTIFY: Calculate the gallons of gasoline consumed and from thit the energy consumed. Find the time Af for the 
AH' 

trip and use P m -. where AH' is the energy consumed. 

SET UP: 200 km -124 mi 

Execute: (u) The gallons of gasoline consumed is ———4.13 gal. The corny consumed is 


30 mi gal 


4.13 goJMI.3x 10 V lgal>- 5.4x10' J . 

124 nu 


(t>) flic time tor the tnp is 


— = 2.07b = 7450s. P - 54x10 J .-7.2x10* W - 720 kW 
60 mi h A/ 7450 s 


7*>0x 10* W 

Evaluate: The rate of energy consumption is —I--- 970 hp . 

67 1 746 W, hp 1 

6.52. Identity : Apply P - F % v. F t rs the force F of water resistance. 

SET UP: 1 hp 746 W . 1 km h ^ 0.22K m s 

Execute: ■■)■?■)>■^».ooohpx^w.hpi x 

v (65 km/h) ((0.228 m s)/(l kmh)) 

EVALUATE: The power required depends on speed, because of the factor of v in P - Fv are! also because the 
resistive force increases with speed. 

6.53. IDENTITY: To lift the skiers, th: rope must do positive work to counteract the negative work developed by th: 
component of the gravitational force acting on the total number of skiers. 

F - Amgxina. 

SET Up: P - Fy - F^v 

Execute: /* = =[+A’»ix(oo»^)Ji. 


P„. -1 < 50 rider* 1(70.0 kg >(9.80 nv'.i ! Mc<n?5.0">] 


( 12.0 km/h I 


in s 


3.60 km h 


P tttm ■- 2.96x 10* W ^ 29.6 kW . 

EVALUATE: Some additional power would be needed to give the rid^s kinetic energy as they arc accelerated from 

rest. 
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6.54. Ideviify: Relate power, work and tinx. 

Si:r UP: Work done in c»:h stride is W - F\ and P d , - Wfi. 

EXECUTE: 100 strokes per second means P„ - 100 Fsjt with / - 1.00 s, F - 2mg and / - 0.010 m. P m - 0.20 W. 
EVALUATE: For a 70 kg penon to apply a force of twice his weight through a distance of 0.50 m fee ICO times per 
second, the average power output would be 7.0 x 10' W . This power output is very far beyond the capability of a 
person. 

6.55. IDENTIFY: Foe ma.es dm located a distance i from the axis and moving with speed v. th: kinetic energy is 
A' - it Jin |v*. Follow' tlie procedure specified in the hint. 

SKI Up: The bar and an infinitesimal mass clerrcnt along the bar arc sketched in Figure 6.55. Let St - total mass 



There are 5 revolutions in 3 sccoods, so T - 3/5 s - 0.60 s 

K = 2.0 kg) (2 00 m)7<0.M>*)’ - 877 J. 

Evaluate: If a point mass 12.0 kg is 2.00 m from the axis and rotates at the same rate as the bar, 
v ,>1] 20.9 ms and K - ^mv 1 -4(12 kg K20.9 m si' - 2.62 xIO* J . K for the bar is smillcr by a factor of 

0.33. The speed of a segment of the bar increases toward the axis. 



rfi 

Figure 6.55 

6.56. IDEMIFY : Density is mass per unit volume, p — mfV , so we can calculate the mass of th: asteroid. K - * . 

Since the asteroid comes to rest, the kinetK energy it drlivers equals its initial kinetic energy. 

SET Up: The volume of a sphere is related to its diameter by V - — xd' 

6 

EXECUTE: ( u ) »'= i<320 m)‘ = 1.72x10' m'. m -pV ^ (2600 kg/m‘)(l.72<10' m')-4.47»IO’ kg. 

6 

A' - iirv* - i(4.47x10" kg)(l2.6xl0 4 ms) 2 = 3.55x10" J . 

<b> Tlie yield of a Castlc/Bravo device is <1 s#4.1S4 x 10 ‘ J) - 6.28x10'* J . 1 * J - 56.5 devices. 

EVALUATE: If such an asteroid were to lut the earth tlie effect would he catastrophic. 

6.57. IDF.VI1FY and SKI UP: Since tlie forces are constant. Lq.(6.2) can he used to calculate the work done by each force. 
The farces on the suitcase arc shown in Figure 6.57a. 



In pirt (f >, Lq.(6.6| is used to relate the total work to the initial and final kinetic energy. 

Execute: (u> i\\ - (feasor 

Doth F and % arc parallel to th: inrlme and in the same direction, so 90° and IF, - Fx - (140 NX3.S0 ml- 532 J 
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L5& 


6.59. 



(It > The directions of the displacement and of the gravity force are shown in Figure 6.5?b. 

W m =(K'CCW^XV 

( -115°. so 

/ u/ _ «; =(196 \>cos 115 C J(3.80 m> 

W =-315 J 


Alternatively, the competent of »»• parallel to the incliix is u , xin25°. Thw componrnt is down the incline so its angle 
with % is ^-18CT. = (196 Nsin25 c )(coxl80*K3^0 m)--315 J. The other continent of w. H'COs25° v b 

perpendicular to s and hence dixs ro work. Thus ff\ - M - -315 J. which agrees with the above 
|c> The normal force it fxrpendicular to the displacement (^ - 9CP). so IF. = 0. 

(d| n - wees25* so f k = ^ji 25* = <030X196 N)cck25* = 53.3 N 

W f = </ k cox^lr = (53.3 N x cox I S0*X3.80 m) = -202 J 
(e> W^*W f + IF +W M + W f = -*532 J - 315 J + 0 - 202 J — 15 J 
10 = A, - AT,, A', = 0. so A, = 


Imv: 


A >» » 



2115/> 


-.2 ms 


20.0 kg 

Evaluate: The total week done is positive and the kinriic energy of the xuiteuxe increases » it moves up the incline. 
IDENTIFY: Tlx work be does to lift his body a distance h is W - myh . The work per unit mass is (JF/m) = gh. 

Set UP: The quantity yh lias units of N. kg. 

Execute: (u> The man does work. <9.8 N/kg ) (0.4 ml = 3.92 J/kg. 

(b) (3.92 J/kg>/(70 J/kg )x 100 = 5.6%. 

(c) Tlie child does work (9.S N/kg)(0.2 m) = 196 J/kg. (1.96 J/kg)/(70 J/kg)x 100 - 2.8%. 

(d| If both the min and the child can do work at the rote of 70 3 /kg and if the child only needs to use 1.96 J/kg 
instead of 3.92 J/kg. the child should tv able to do more chin-ups. 

Evaluate: Since the child lias arms hilf the Vmgth of his father's arms, the child must lift his body only 0.20 m t 
do a chin-up. 

1DENI1FY: Apply the definitions of IMA and AMA given in the problem 

SET UP: When the object moves a distance L alone the ramp, it rises a vertical distance /.sin a . 


EXECUTE: (a) * = L. x - Lsina . so IMA - 


a 


(b>ir AMA - IMA, -nd so (f.J<^>-(f.K*J.oc 

(c> The pulley is sketched m Figure 6.59. 

^ <FM _F„!F._AMA 

>•: (f.xo «„/«., ima 

Evaluate: - wsma and - w . - |«‘ina|£.. (/■',.)(«..) - »l«no/.). Therefore. 

(A. K-%) - Ka*i) • A smaller force acting over a larger distance does the sanx amount of work as a larger force 
actinu over a smaller distance. 



F igure 6.59 

6.60. IDENTIFY: Apply V A • m* to each block to find the tension in the siring. Each force is cixistant and 
SET UP: The free body diagram for each block is given in Ficurc 6.60. /w. ■ ——— - 2.04 kg and 


- Avcosd 


12.0 5 " 


-1.22 ku 
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Execute: T - f L - m .a . h% - T - m -it . NV - - (m. -f /w. >ti . 


4-0.*.= 


t? . t m 


and T-*, 




- H' 


H'. t H* 


“ 5i;* N . 


tew)- 


j / ■ a / v 

20.0 N block: IF M = 7>-(7.50 NM0.7S0 m> ^ 5.62 J . 

110 N block: W m =- (w, - T\t ^ (12.0 N - 7.50 NM0750 m) ^ 3.38 J 

lb» A = ftw,-6S0N. 

m t ♦ 

7* = 6.50 N -f (5.50 NK0.625) - 9.04 N . 

20.0 N block: W m = < T -/ k )s -(9.94 N -6.50 X)(0.750 ml - 2.5S J . 

110 N block: - (u„ - T)i ^ (12.0 N -9.94 NM0.750 ml ^ 1.54 J . 

EVALUATE: Since the two blocks nx»ve with equal spxds, for each block (f M - K 3 - K t is proportional to the mass 
(or weight) of that block. With Inchon tlx gain m kinetic energy is less, so the total week on each block is less. 


1 


'A* 


LQN 


- 200 N 1 

w 


■ v 


Figure 6.60 


6.61. 


6.61 


6.63. 


IDENTIFY: K - ±»\\ Find the speed of the shuttk relative to the earth and relative to the satellite. 
SEE L’P: Velocity is distance divided by time. For one orbit the shuttle travels a distance 2.7 R . 


Execute: (■) imi-- 1 >ji iff. -1(86.400 kg) 
2 2 T 2 


22 ( 6 . 66 - 10 ’ 


(90.1 mm) (60 

(b) (1/2) m*’ 1 -(1/2) (86.400kg)((1.00m)/(3.00»))* -4.80x 10* J. 


”■1 ) 
t/nun) j 


2.59-10* I. 


Evaluate: The kinetic energy of an object depends on the reference franx in which it is nxasured. 

Identify: W - ficus** w m - K 3 - K . 

SEE L’P: f t - // t /7. Tlx normal force is n - mg cos/7, with 0 - 12.0° . The component of the weight parallel to the 
incliix is mg sin 0 . 


EXECUTE: (u> 0 - ISO*and - -/,J --(wcn«)i - -(0.311(5.00 kg<9.80 m/i'Hct» 12.0°)(1.50 m) - -22.3 J 
<b) (5.00 kgH9.S0 n\/» f K*inl2O°Kl S0m) = lSJ J. 

(c) The normal force docs no work. 


(d) 15.3 J - 22.3 J = -7.0 J 

(e) AT, - K, .-fl/2)(S.OO kgK2.2 m/%)‘ -7.0 J - 5.1 J . and «i v. - J2(S.\ I)’(5.00 kg) -1.4 m.'i. 
EVALUATE: Friction docs negative work aixl gravity does positive work. The net work is negative and the kinetic 
energy of the object decreases. 

IDE.MIFY: The effective force constant is defined by X\,. - f : t x . when: F is the force applied to each end of the 
spring combination and x rs the amount the spring combination is stretched. 

SET L’P: Consider a force F applied to each end of the combinatxm. Then F and F i are tlu: forces applied to each 


spring and /*’ - F x + F 3 . Each spring stretches the sanx amount x. 


Execute: la) F - k ta x . /’ - F x + F : - k t x •* k>x . liquating the two expressions for F gives k tg - X 7 A\ . 

(hi The same procedure as in put (a) gives A #f - A, + k 2 + •••+ k K . 

EVALUATE: The effective fcccc constant of the configuratKin is greater than any of the force constants of the 
individual springs. More force is required to stretch the parallel combination that is required to stretch each separate 
spring the same amount 
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6.64. 


6.65. 


6 . 66 . 


6.67. 


IDF-N I1FY: The effective force constant is defined by A kl . - Ffx . where /* is the force applied to each end of the 
spring comb:nation and r k the amount the spring combimtion is stretched. 

SKI L’P: Consider a force /* applied to each end of the combinatKin. The same force F is applied to each spring. 

Spring 1 stretches a distance v. and spring 2 stretches a distance x 2 . where x, - F>k and x } - F \k.. . The total 

distanre the combinatKin stretches is x = x, + x 3 . 

, F F F t 1 1 I 

Execute: (u) x - x + .r^ ones-and--t — . 

* k M A, k 3 k M A k 3 

(l>> Tlie same pnxedure as in part (a) gives-— + f — 

A.. A k A* 


Evaluate: Tor two springs the result in part (a) can be written as A . - 


M; 


A, t k . 


i The effective force constant for 


the two springs in series k less thin the force constant for each individual spring. It takes less force to stretch the 
combinatKin an amount x than to stretch either separate spring an amount x. 

Identify: Apply Eq.<6.7). 

S»:r t'p; 


Execute: u> w - 


-i -di-i 

“ * *i 


The force is given to be attractive, so F < 0_ 


ind A must be positive. If > x |f — < —. and W < 0. 

*i x i 

(h) Taking '‘slowly" to be constant speed, the net force on th: object is zero. The force applied by the hand is 
opposite F . and the work done is negative of thit found in pul (a t. or A | — - — L which is positive if x* > x.. 

U 

(c> The answers have the sanx magnitude hut opposite signs; this rs to be expected, in that the net work done rs zero. 
EVALUATE: Your force is directed away from the origin, so when the object moves away from the origin your force 
does positive work. 

IDENTIFY: Apply Eq.<6.6) to th: motion of the asteroid 

SET L’P: Let point 1 he at a great distance arxl let point 2 be at the surface of the earth Assume K { - 0. from the 
inforrmtion given about the gravitational force its nugiutodc as a function of distance r from the center of the earth 
must he F - Mig(J? fc /r) 1 . This force is directed in the -r direction since it is a "pull". F is not cceistant so Eq.(6.7) 
must he used to calculate the work it does. 

Extent: W —JV*—J*| = 

«'m *i-o 

Thit givet JC, = oigff, ■ 125x10° I 

K t - im.; m> «j - J2K, /»i - 11.000 ml 

EVAIHdE: Note that i, - ^2gR, , IN: Impact tpcol it independent of (he mavi of IN: jutcioid. 

Idem IFY : Calculate tlie work done by frictKon and :pply H\ A - — AT, . Since the friction force is not constant, 

use Lq.<6.7> to calculate the work. 

SET UP: Let x be the distanre past P. Since /j 4 increases linearly with x, - 0.100 + Ax . When x - 12.5 m * 
u ^ 0.600, so A - 0.500 \\2S m) = 0.0400 tn 


Execute: (u) - AK - Aj-A, gives -J ft k mgdx - 0- -Miv* . Using th: above expression for , 

g\ ' <0 100 » Ax )rfi - -ir'and v| (O.IOOH, * .di. | - iv" . (9.80mV')|(O.IOO)r r (0.0400 -1(450 nvt) : . 

Solving for x% gives x 3 - 5.11 m . 

(h> u =0.100+ (0.0400^X5.11 m)«0.304 
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6 . 68 . 


6.69. 


6.70. 


fc) H' - AT. - AT, give* -J&m -0-—wr‘. *, —-- (**-0 "**> - _ 10.3 m 

EVAlilATE: The bax goes farther when the friction cocITieient doesn't increase 
I DUMMY: Use tiq.(6.7) to eatable W. 

SET CP: j - 0. In part (a). x 2 - 0.050 m . In part (b| x } - -0.050 m . 

* i * » * 


EXECUTE: 


(u) H' - J t FJv s j ‘ (kx - bx' + ex ‘ W.v - — xj - —xf + - xt . 






0 - i50.0 N,’mu; -(233 N.m* \x\ -f (3000 N/m iaJ . When r, - 0 050 m , W- 0.12 J 
ih\ When x s - -0.050 m If* - 0.17 J . 

(c) It'* easier »o stretch the spring; the quadratic -hx‘ term « always in the -a • direction, and to the needed fcecc. 
ind hence the needled week, will be levs when v 3 > 0 . 

EVALUATE: When x ^ 0.050 m, F- 4.75 N When x - -0.050 m . F- S.25 N . 

IDI.NTOY and SET UP: Use ^F - ma to find the tension force T. The block moves in uniform circular morion and 


(a) *Hie free*body diagram for the bkvk it given in Figure 6.69. 

EXECim: ]£F 4 -ma t 

it V 1 

r = in — 

R 



r^roi 2 Qkgi i!l :im<> -0.15 n 


rj.4U m 


1 * 


Figure 6.69 


(b> T - m — -(0.120 lipl 1 *" 1 — -9.4N 

R 0.10 m 

(c> SET CP: The lets ion changes as th: dittance of the block from tlie hole changes We could utc W - j ' F dx to 
cataUtc the work. But a much simpler approach is to use W m - AT ; - K, 

Execute: He only force doing work on the block is the tension in the coed, so - JF f . 

K, -iimf ^4(0.120kgMO.70mSi) 1 ^0.0294 I 
K, — ~vtvl ^4(0.120 kgX2.S0 m')" - 0.470 J 
Hi, - K, - X, - 0.470 J -0.029 J - 0.44 J 
This is the amount of work done by the perron who pulled the cord. 

EVALUATE: The block moves inward, in the direction of the tension, so T does positive work and the kinetic energy 
increases. 

IDEYTOY: Use Eq.(6.7) to find the work dine by F. Then apply If - K - K . 


rdx I 

>?*~T 

iy - j ^rdx -a\ —Jr«(2.l2xl0^ N m 1 X(0.200 m ‘)-11.25x10* m '))—26Sxlfl 1 


SET UP: 

Execute: 

Nolc that a, is so hrge compared to.v ; . that tlie term 1/x, is negligible. Then, using I*q. (6.13)) and solving for v } % 

,, .CT.,kottxltf n*?**mi™ J * - 2.41 x 10* nv', 

■ \ * V <1.67x10- kgl 


[b) With Ks - 0. W ^ -A',. Using W - _ 


z 2 a 


2(212x10 * N m ; t 


K t mv. (1.67x10 ' kgXJ OOxlO* ins) 


- 2 . 82 x 10 M m. 
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(c> Tlic repulsive force has dene no net work. so the kinetic energy and becicc the speed of the proton have their 
origiral values, and the speed is 3.00 x 10* mi's . 

EVALUATE: As the proton moves toward the uranium nucleus the repulsive force does negative work and the 
kinet»c energy of the proton decreases. As the proton moves away from the uranium nucleus the repulsive force does 
positive work and the kinetic energy of the proton increases. 

6.71. IDENTIFY and S#:rl‘P: Use v 4 - dxfdl and - dvjdt. Use Yf - md to calculate F fn>m a 

Execute: (u> x{t) - at 1 ■* flt\ v 4 (/> = — - 2a/ + 3 pv 

dt 

t ^ 4.00 s: »•. = 210.200 mfc J H4.00 s) ♦ 3<0.0200 mV X4.CO %) 3 = 2.56 m s. 

<b> — 

dt 

F - woo - mila + 6 fit) 

t ^ 4.00 s: F, - 6.00 kg<2(0.200 oft*) + 6(0.0200 m's^.OO s)) ^ 5.28 N 
<c) Identify and s»:r UP: Use Eq.(6.6) to calculate \Ik work. 

Execute: - AT, - K x 

At r, = 0. \\ -0 so K % = 0. 


6.72. 


6.73. 


Then ^ A\ - K\ gives that H; ^ 19.7 J 

Evaluate: v increases with / so tlie kinetic energy increases and the week done is positive. We can also caVrulatc 
W^ directly from Eq.(6.7k by wnting dt as v. di and performing the integral. 

IDENTIFY': Since the capsule comes to rest, the amount of work the capsule dees on the ground equals its original 
kincte energy. Use constant acceleration kmcrmtic equations to calculate the stepping tmx r. Af - /. 

Si:r UP: 311 knvh - S6.4 m s . Let -M* he the direction the capsule is traveling before the crash. 

Execute: -Jaw? = 1(210 kgX86.4 m'*) J =7.84x10' J . v-r.-0.8IOm. -86.4 nr sand v, -0. 


\\ I 


v - V - 


10'J 


■ g.vcs i = - ^ SIOnl> - 0.01875 ,.*L -± _ 

v 86.4 into 0.01875 * 


-4.18-10 W 


Evaluate: A large amount of work is done in a very small amount of time. 

IDF.MIFY and S*:r UP: Use l:q.(6.6). You do positive week and gravity does negative work. Let point 1 be at the 
base of the bridge and point 2 be at the top of the bridge. 

Execute: w - K, - AT, 


K -- £anf ^ f (80.0 kgX5.00 nVs>‘ ^ 1000 J 


\V xA -90 J -1000 J --910 J 

(b) Neglecting friction, work is done by you (with the force you apply to the pedals) and by gravity: 

- Jf’^ -t W^ tr The gravity force is vr = mg = (80.0 kgK9.80 m'i ! ) - 7&* N. downward. The displacemciu is 
5.20 m. upw ard. Thus 180 : and 

— (F ccs ^)v — (784 XX5.20 m)cosl8(P - -4077 J 

Thn gives 


If* - H' - 


i—'i 


- -910 J -(^1077 Jt- *3170 J 


6.74. 


KvaLUaTE: The total work done is negative and you lose kinetic energy 
IDFAUFY: Use Eq.(6.7) to calculate M*. 


s»:r Up: 


(r ‘dt- -L*‘-" 

S n -1 


execute: ia) H - —dx -^- 


Note that for this port. fi>r n > L .t‘ * 




6-20 Chapter 6 


6.75. 


6.76. 


6.77. 


(b) When 0 < n < 1. Ihc improper integral must be used 




and became the expooent on 


the X? 1 i» positive. Ihc limit does not exist, and the integral diverges. This is interpreted is the force A* doing an 
infinite amount of work, even though F -+ 0 as x 1 -♦ x>. 

EVALUATE: The work-energy theorem says that an object gyms an infinite amount of kinetic energy when an 
infinite amount of work is done on it. 

IDENTIFY: The negative work done by the spring equals the change in kinetic energy of the car. 

SET UP: The weak done by a spring when it is compressed a distance v from equilibrium is . K l = 0 . 

Execute: kx * - K 2 - A, gives ^Ax J = ^anf and 

A = (anf)/x 5 =[(1200 kg|(0.65 ms)* ]/< 0.070 ml* = 1.0* 10' N m . 

Evaluate: When the Spring is compressed, the spring force is directed opposite to tlx dtsplaccnxnt of the object 
and the work done by the spring is nc&itivc. 

Identify: Apply = K : - A,. 

SET L'P: Let .^.be the initial distance the spring is compressed The work done by the spring is -±Ar' —^kx '. where 
v is the final distance the spring is compressed. 

Execute: (u) liquating the work done by tlx spring to the #iin in kinetic energy. ^ - -mv '. so 

v - f£x = ( 400 N , m (0.060 m) - 6.93 m s. 

Y 0.0300 leg 

(b) H^ u must now inchidc friction, so - )f M = iAxJ - /r.,. where /is the magnitude of the friction force. Then. 


m,- m> - 4. 

\m * m Y 0 0300k B 10.0300 kg> 


90 m s. 


fc) The greatest speed occurs when the acceleration (and the net force! are zero. Let x he the amount the spring is still 

/ 6.00 N 


compressed, so the distarxc the hall his moved is v, -x . kx - t . x -- 


k 400 Nm 


- 0.0150 m . fo find th: speed. 


the net work is = rA(x* - x : ) - /(x, - x). so the maximum speed is = I— - x i ) - —f v, - x» . 

i ,fi 

v = / ■ 4(10 N ‘ m ((0.060 ml 3 -(0.0150 mV) - ■ ~ ' ,l ‘ 1 N ’ .0 060 m -0.01 SO m) =520 m s 


Y 10.0300 kg I (0.0300 kg) 

EVALUATE: Ihc maximum speed with friction present (part (c|) is hrger than the result of part (b) but smaller than 
the result of part l a). 

IDENTIFY and SET L'P: Use l:q.(6.6). Work is done by* the spring and by gravity. Let paint 1 be wlxrc the textbook 
is released and point 2 be where it steps sliding. x% = 0 since at point 2 the spring is neither stretched nor 
corrprcsscd. The situation k sketched in Figure 6.77. 

Execute: 


-r 


d - 


-w- 


*>o. a:, =< 


(I. 7 ? 


- rAx,*. when: x, - 0.250 m (Spring force is in direction of motion of block so it docs positive work.) 

Then = A\ - A. gives ^kx? - - 0 

d —\— —' ~ " N n -'-- 1 .| in. measured from the point wlxrc the block was released 

2(0.30X250 kgX9.X0 m s* > 

EVALUATE: The positive work dime by the spring cquuh the magnitude of the negativ e work done by friction. Tlx 
total work done during the molwn between points I and 2 is zero and the textbook starts and ends with zero kinelx 
energy. 




Work and Kinetic Energy 6-21 


6.78. Idem m: Apply - K } - A, to the cat. 

Si: I UP: Let point 1 be at the bottom ot* tbc ramp and paint 2 be at the top of the ramp. 

Execute: The work done by gravity is (K - -mgLsinO (negative since the cat is moving up!. and the work done 
by the applied force is FL. where F is the migmtudc of the applied force. The total work is 

W„ =<100 N)(2.(0 ml-17.(0 kgK9.K0 m^K2.C0 m)rin30° = 131.4 J. 

The cat's initial kinetic enemy is 4-wvf - -<?.(Xl kuX2.40 m/s)* - 202 J . and 


>u 


A, f \y I f2. 202 Jt-131.4 J) < 


(7.00 kg I 


EVALUATE: The nrt work done on the eat is positive and the cat gains speed Without your push. 

W' M = W 00k — “68.6 J and tbc cat wouldn't have enough initial kincta: energy to reach the top of th: ramp. 

6.79. IDENTIFY: Apply If k4 i K } - A', to the vehicle. 

SET UP: Call th: bumper compression v and the initial speed v 4 . The work dccic by the spring is -ikr* and 

A\ = 0. 

EXECUTE: la} The necessary* relations arc — kt 1 - —/m^, kx < 5 mg’. Combining to eliminate k and then x. the two 

inequalities are x > — and 4 < 25—-1_. Using the given nunxrical values, x > - - 8.16 m and 

S* v- 6 * 5(9.80 ms* | 

k< 25 <m ow £? Y i | ffic ,c |#)i 

<20.0 »•*>• 

<b) A distance of 8 m is not commonly available as spice in which to stop a car. Also, the car stops only momentarily 
and then returns to its original speed when the spring returns to its original length. 

Evaluate: If k were doubled to 2.01 x 10 4 N.’m. then x - 5.77 m . The stopping distaixe is reduced by a factor of 
Vjl . but the maximum acceleration would then be kxfm - 69.2 m'f, which is 7.07# . 

6.80. Identify: Apply ^ K i - A,. W ^ Fxcatfi . 

SET UP: The students do positive work, and th: force that they exert makes an angle of 30.0° with the direction of 
motxm. Gravity daes negative work, and is at an angle of 120.0° with the chair's motion. 

Execute: Hie total work done is If ^ ((600 N)cos30.0°* <85.0 kg|<9.80 m s* >casl20.0°K2.S0 m> - 257.8 J , 


ind so the speed at the top of the ramp is r. - fv* t--— 


W 


.00 nv't, 1 ♦ —— = 3.17 m's. 


(S5.0 kg) 

EVALUATE: The component of gravity down the incline is nrgsin30 o - 417 N and the component of the push up 
the inclim is <600 N)cos30° - 520 N . The force component up the incliix is greater than the force component down 
the incline, the net work dooc is positive and the speed increases. 

6.81. IDEX11FY: Apply l[ 4 ^ A, - AT, to the blocks. 

SET UP: If .V is th: distance the spring is compressed. the work done by the spring is -iiV*. At maximum 
compression, the spring (and hence the block! is not mov ing, so the block his rea kinetic energy and x 1 - 0 . 
Execute: tu> The work done by the Mock is equal to its initial kinetic energy, and the maximum cotnprcssaon is 


found from 4 kX 1 - and X - 3 6.00 m s) - 0.600 m. 

* 


5(10 N m 


(b) Solving for v. in terms ol a known A 


(0.150 m> -1.50 m s. 


00 kg 

Evaluate: The mgativc work d»>nc by the »pring removes the kinetic energy of the Mock. 

6.82. IDENTIFY: Apply If 4 - A, - A, to the system of the two blocks The total work done is the sum of that done by 
gravity (on the hanging block! and that done by frxlion <on the block on the table). 

SET Up: Let /i be the distance the 6.00 kg block descends. The work dooc by gravity is <6.00 kg)g6 and th: work 
dooc by friction is -ji. | 8.00 kgk?/i. 
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EXECUTE: ^ ( 6.00 kg - (0.25X8.00 kg» (9.80 m's : ) (1.50 m l - 58.8 J This week increases the kinetic energy 

of both blocks: If* ~ i<« + m,)r\ so i - ) J > _ 2.90 mi 

“ 2 ' * \( 14.00 kg) 

EVALUATE: Since the two blocks are connected by the rope. they move the sam: distanre h and have the same 
speed v. 

6.8.1. IDENTITY and SET L'P: Apply - A\ - AT, to the system consisting of both blocks. Since they arc connected by 
the cord, both blocks have the same speed at every point in the motion. Abo. when the 6.00*kg block has moved 
downward 1.50 m. the 8.00 kg block has moved 1.50 m to the nght. The target variable. will be a factor in the 
week done by faction. The forces on c»:h block arc shown in Figure 6.S3. 


EXECll*: K = i mrf tim/i = }<*, + m t )\f 

*i-0 

l ijorc 6 . 8.1 

The tension T in the rope does positive work on block 0 and tbc same magnitude of negative work on block A , so T 
does no net work on the system. Gravity does work H r mx - m A gd on block A % wlcrc d - 2.00 m. (Block B moves 
horizontally. so no work is don: on it by gravity.) Friction d<xs work W tmt - -f\m b gd twi block B. Thus 
w >. - u '^ • H '.. Then - AT. - AT, give* m.gd-fi.m.gd ^ -i(m, ■* m,).f and 



6.H4. 


6.H>. 




• in. 




f. <10 kg <6.01 kg 8.00 kgll0.900 in *)’ _ „ 7BA 
8.00 kg 2(8.00 kgX9.B0 m^‘H2.00 m) 


Evaluate: The weigh! of block A does positive w ork and the friction force on block B docs negative w ork, so th: 
net work is positive and the kinetic energy of the bkxks increases as block A descends. Note thit K x includes the 
kinetic energy of both blocks. We could have applied the work-energy theorem to block A alone, but th:n 
include the work done on bkick A by the tension force. 

lD».vim: Apply lf u - K 3 - A, . The work done by the force from the bow is the area under the graph of F t versus 
the draw length. 

Set L’P: On: passible way of estimating the work is to approximate the F versus v curve as a pirabob which goes 
to rcro at .v - 0 and x - x v , and has a maximum of fj at .t - •’ 2. so that F(x ) - )x(x, - -t). This may 

seem like a crude approximation to the Figure, but it lias the advantage of being easy to inteuratc. 


vxixt n: Wi 


With /•; - 200 N and x. - 0.75 m, 


ft' - 100 J. Th: speed of the arrow is then J ‘ .. -S9m s. 

V « ^<0.02Skg) 

Evaluate: We could alternatively represent the area as that of a rectangle ISO N by 0.55 m This gives W - 99 J . 
in close agreement with our more elaborate estimate. 
iDEVnFY: Apply Eq.<6.6) to th: skater. 

SET L ! P: Let point 1 he just before she reaches the rough patch and let point 2 be where she exits from the patch. 
Work is done by friction. We don't know the skater's mass so can't calculate either friction or the initial kinrtic 
energy. Leave her mass m as a variable and expect that it will divide out of the final equition. 

Execute: f k - 0.25mg so W. - ir M - -<0.25mg>x, w here i is the length of the rough patch. 


;r 




K -imf, K, - fimj - im<0.45v ll > 1 -0.202S(4mv|) 


The work-energy relation gives -<0.25/w£)r = (0.2025 -114-imJ 
The most divides out. and solving gives i-l.5m 

EVALUATE: Friction does negative work and thw reduces her kinetic energy. 
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6 . 86 . 


6.87. 


6 . 88 . 


6.89. 


6.90. 


6.91. 


iDBXnFY: P m - Fv^ . Use F - ma to calculate the force. 

, Of 6.00 ms 

SETUP: v --3.00in’s 


v - ». 6.00 nv's 

EXECUTE: Your fnend's average acceleration is a ---2.00 ms' . Since there are no other 

/ 3.00 s 

horizontal forces acting, the force you exert on her is given by F m - ma - (65.0 kgX2.00 m.'s J ) - 130 N . 

P„ =(130 NM3.00 m s) = 390 W. 

Evaluate: We could also use the v%ork-energy theorem W - K. - K - 4(65.0 kg H 6 00 m s) 5 = 1170 J . 

P - !L I-- 3% W . th: same as obtains! bv our oth:r approach. 

IDEN I1FY: To lift a moss m a height h requires work W - mgh . To accelerate mass m from rest to speed v requires 

A|l' 

H' = K, -K,= ■ p . - — 

Si I Up: i - 60 % 

EXECUTE: (a) (S0»kgll9.Sam*'XI4.0m)- 1.10x10* J 
(b) (1/2)<80DIcsXISflm'X')- 1.30 k 10' J. 

|tf) i | 0"0' | ..'30‘ l Q | jl9|kw 


EVALUATE: Approximately the same amount of work is required to lift the water against gravity as to accelerate it 
to its final speed. 

Identify: p = fjv and F t * mu . 

SET L’P: From Problem 6.71, v = 2r/j f 3 /ii * and a -2a f 6//( . 

Execute: P ^ F ( v ^ imn - m(2n » 6/frH2«t» 3 fk ‘) - m(4n‘f , IXa/fr r I8/»V >. 

P - (0 96 Nitf -t (0.43 N/*V -* (0.043 N *V . Al f - 4.00 ». the power oulput is 13.5 \V. 

Evaluate: P increases in time because v increase and because a increases. 

I DEN I1FY and SET UP: Energy is Pi. The total energy cxfvnded in »>nc day is the sum of the energy expended in 
each type of activity. 

Execute: 1 day - 8.64 X10* s 


Let t 0jl be the time she spends walking and be the time she spends in other activities; I 0U4 - 8.64 x 10* s 

The energy expended in each activity is the power output times th: tune, so 

A' = Pi - (280 WV %A +(100 =1.1x10' J 

(280 + (100 \VM8.64x 10* s = l.txIO’ j 

(180\VV^=2.36xlO fc J 

t wJl = l .31 x 10* s = 2 IS min = 3.6 h. 

EVALUATE: ller average power for one day is (1.1 x 10 JV<[24|(3600 *]) - 127 \V. This is much closer to her 
1G0 W rate than to her 280 W rate, so most of her day is spent at the 100 W rate. 

Identify and Set Up: H* - Pi 

Execute: (ii) The hummingbird produces energy at a rate of 0.7 i 's to 1.75 J's. At 10 beats s. th: bird must 
expend betw een 0.07 J beat and 0.175 J best. 

<1»1 The steady output of th: athlete is (500 W)'(70 kg) = 7 NV kg w hich is below the 10 W.'kg necessary to stay akift 
Though the athlete can expend 1400 W/70 kg - 20 Wkg for short penodx of time, no humin-powcrcd aircraft could 
stay aloft for very long. 

Evaluate: Movies of early attempts at human-powered flight bear out our results. 

I DEV tin and Set UP: Use l:q.(6.15). The work done on the water by gravity is mgh. where ft = 170 m. Solve for 
the mass m of water for 1.00 s arid then calculate the volume of water that has this miss. 
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6.92 


6.93. 


6.94. 


Execute: The power output It - 2000 MW - 200x 10* W. P tt - AlL. and 92% of the work done on the water 
by gravity is converted to electrical power output, so in 1.00 s the amount of week done on the water by gravity is 
H r <2.00x10* WXI-QOs) ,2. l 7 4 »l 0 * J 

0.92 0.92 

W - mi?/i. to the mats of water flowing over the dam in 1.00 s mutt be 
If 2174x10* J 


g* ~<9.S0 ms* XI70 ml 


30x10 ko 


demit)'- — » V - H -_ , j,, 

V density 1.00*10* kgm' 

EVALUATE: The dim is 1270 m long* so this volume corresponds to about a m' flow ing over each 1 m length of 
the dam. a reasonable amount 

IDENTITY: P - — and H* - Liwr*. if the object starts from rest, a - and x-x ~ f \dt . 

I dt * 

SETUP: [t li dt^\ 

dt ' 3 

hpt 

Execute: (u) The pow'er P is related to the speed by Pt - K - \ so v - a -— 


57 



f /2T f fl? 2 

fc> r - A, - j V dt - A —I r dt - I— -/* = 

J i m J | 3 

EVALUATE: v. a. and v - x* at a particular time are all prorxutsonal to P' ' . The resuh in part (b) could also be 


nbtaircd from P - /*Yand a - Fin i . so a - 

VIII 

I DEN nrv and S*: F L'P: Tor part (a) calculate m from th: volume of blood pumped by the heart in one day. for 
part <b) use W calculated in part fa) in l:q.i 6 . 1 S). 

EXECUTE: (u) lt r - mg/i. as in l:\ample 6.11. We need th: miss of bicod lifted: we are given the volume 
K-<7500L> ■ 7.50 m‘. 

m - density * volume - (1.05 * 10‘ kg. in K7.S0 m')- 7.875x10' kg 
Then W - midt ^(7.875*10* kgX9.S0 m **'*1.63 m| - l .26* 10* J. 


(»»>/;= — 


126*10' J 


-1.46 W. 


Af (24 hit 36(10 si h| 

Evaluate: Compared to light bulbs or common electrical devices, the power output of the heart is rather smill. 
IDENTITY: P - Fv - Aiav . To overcome gravity on a slope that is at an angle a ahove the hon/ontal. P - (.l/gsina)i\ 

SET UP: 1 MW ^ 10* W . I kN - I0 ; N . When a is small tana * sina . 

EXECUTE: (u) The number of cars is the total power available divided by the pxiwer needed per car. 

13.4x10* W , 

-177. rixmdinc down to the nearest integer. 

<2.8*10' NX27 zti'i) 

(b) To federate a total mass 3/at an federation a and speed v\ th: extra power ncc&d k 36a v. To climb a hill of 
angle a , the extra power needed is (3/gsina)r. This will be nearly the same if a - g sina; if 

gsina - gtana - 0.10 m s*, the power rs about the sime as that needed to accelerate at 0.10 ms*. 

(c) P - (3/g*ina)v . where 3/ is the total mass of the diesel units. 

P - (1.10* 1C kg)9.S0 m S* X0.010H27 m s) ^ 2.9 MW. 

(d) The power available to the ears is 13.4 MW. minus th: 2.9 MW needed to miintain th: spved of the diesel units 

13.4*10* \V-2.9*itf W 


cm the me hoc. The 


[lumber of cars is then 


12.8x10' N t(8.2x 10* kgX9.80 mV MOOIOIM27 


•36, 


roundmg to th: nearest integer 




Work 
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6.95. 


6.96. 


6.97. 


6.98. 


Evaluate: For a single car. .tfexina -( 8 . 2 xl 0 4 kgX9.80 ms'XO. 010 )- 8 . 0 x 10 ' N . which is over twice Ibe 
2.8 kN required to pull the car at 27 m’s cci level tracks. Even a slope as gradual as 1 . 0 % greatly increases the power 
requirements. i>r for constant power greatly decreases the number of cart that can he pulled. 

IDENTIFY: P - Fv . The force required to give mass m an acceleration a is F - ma . For an incline at an angle 
a above the horizontal, the component of mg down the incline is /w# sin o'. 

SET UP: For smill a . sin a » tsnr/ . 

EXECUTE: (a) P t - Fv= (S3x I 0 1 N'X45 mi) - 2.4 MW. 

<l*> /• - may = (9.1x10' lcg)(I.S mi'*45 m>) - 61 MW. 

(c) Approximating sin r/. by tana, and using the component of gravity down the incline as Judina. 

Pt ^ (wijsinr/h* ^ (9.1 x 10 * kgW9.S0 m s* X0.015)145 m's) - 6.0 MW. 

Evaluate: From Problem 6.94. we would expect that a 0.15 mi's* acceleration and a 1.5% dope would require the 
same power. W'c found tbit a 1 .5 mi's* acceleration requires ten times more power than a 1.5% slope, which is 
consistent. 

IDENTIFY: If - J Fjlx , and F t depends on both .r aixl y. 

SET UP: In each case, use the value of v that applies to the specified path j xdx - . j x'dt - ±x* 

EXECUTE: (u) Along this path. 1 - is constant, with the value y - 3.00 m . 

W - av J xdx - (2.50 N. m* X3.00 m> “ ' ^ | -15.0 J . since v, - 0 and x 1 = 2.00 m. 

<l>) Since the force has no y-compceieitf. no work is done moving in the ^direction. 

(c) Along this path .y varies with position along the path, given by y - 1.5a, so F -o(I.5x)x - 1.5a.r*. and 

W - f ■' Fdx *1.5af' '‘x‘dx -1.5(2.50 N m 1 1 ' 2 '" 1 - 10.0 J. 

M 3 

EVALUATE: The force depcrcls on th: position of the object along its path 

IDENTIFY and SET L’P: Use I:q.(6.18) to relate the forces to the power required. The air resistance force is 
F - ifCApv m % where C is the drag coeffiCKnt. 

Execute: (a) P - r k 4 v. with + F m 

/*_ ^ irCApv' ^ 4f1.0(0.463 m‘HI 2 kg‘m 4 )( 12.0 in sf = 40.0 N 

F^ ^ p t n *// f »v=i (0.0045X490 X + 1 18 N) = 2.74 N 

P i (r . 4 + F sm )v =- (2.74 N + 40.0 N K 12.0 s)- 513 W' 

(b) F m - if Vl/iv* - 4(0.88X0.366 m'HI .2 kg in'X 120 mi's ) 1 =27.8 N 
F\± - p x n (0.0030X490 N +88 N) = l.73 N 

P-{F .4 -f F„ )v«( 1 .73 N + 27.8 NHI 2.0 s)-354 W 

(c) F m - UApx' - 1(0.88X0.366 m' H 1.2 kgm*X 6.0 in s y - 6.96 N 
F wM ^ p.n - 1.73 N (unchanged) 


P ^ (F u4 t F„ )v ^ (1.73 N -fr 6.96 N)(6.0 s> = 52.1 W 

EVALUATE: Since F st is proportional to v J and P - F\\ reducing the speed greatly reduces the power 
required. 

Identify: P - fjv 
SETUP: 1 ms-3.6 kmh 


Execute: (a)/*-- 


28.0-10' W 


= 1.68-10' N. 


v (60.0 kninX 1 mi 1(3.6 km 7i I) 

(b) The speed is lowered by a factor of one-half, and the resisting force is lowered by a farter of (0.65 + 035/4), 
ind so the power at the lower speed rs (28.0 k\V)(0.50X0.65* 0.354) ^ 10 3 kW ^ 13.8 hp. 

(c) Simihrly. at the higher speed. (28.0 kWx2.0X0.65 r 0.35x 4) - 114.8 k\V - 154 hp. 

Evaluate: At low sjvcds rolling friction dominates the power requircirctit but at high speeds air resistance 

dominates. 
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6.99. 


6.100. 


IDENTIFY oik! SET L’P: Use Tq.(6.18} to relate /•* and P In part <ah F if the retarding farce. In parts (b> and (ck 
F includes gravity. 

EXECUTE (u} P - Fv n to F - Pfv. 

P - (8.00 hp» .. ,46 ^ I ^ 5968 W 


>•-(60.0 km Til 


i h P ; 

1000 m 
1 km 


ttiOQs 


- 16.67 m s 


F-f.J^.358 N 
v 16.67 m s 


(b| The power required is the 8.00 hp of port (a) plus the power /’ required to lift the ear against gravity. Tlx 
situation k sketched in f igure 6.99. 



10 m 

Lana-0.10 


W ni 


5.71 


The vertical component of the velocity of the cor is vuna - (16.67 nvs)sin5.71* - 1.658 m>*. 
Then P x ^ /*(vsinu» ^ mgvsina - (1800 kg)(9.80 ntfs J )(l 658 m si = 2.92* 10 4 W 
hp 


P -2.92* IQ* W 


-39.1 hp 


746 W 

The total power required is 8.00 hp -t 39.1 hp - 47.1 hp. 

(cl The power required from the engine is induced by the rate at which gravity does positive work. The road irxlinc 
ingle a is given by tana - 0.0100 so a - 0.5729°. 

P ^(irg(nina) = (1800ksM9.SOm^’M16.67nW»)»in0.5729" = 2.94xlO' W-3 94 hp. 

The power required from tlx engine is then S.OO hp - 3.94 hp - 4.06 hp. 

(d) No power is needed from the engine if gravity ikies work at the rate of P v - 8.00 hp - 5968 W 
P. 5968 W 


P -mgrsina* so sma~ 


- 0 . 020*0 


mgv | 1X00 kgK9.HU m s* K 16.67 m s) 
a = 1.163° and tana ^ 0.0203, a 2.03% grad: 

EVAUUTE: More power is required when the car gees uphill and less when it goes downhill. In part id), at this angle 
the component of gravity down the itxlinc « mg tin a - 358 N and this force cancels the retarding force aixl no force 
from the engine is required. The retarding force depends on the speed so it is th: sanx m ports (ak (b). and (c). 

IDENTIFY: Apply If 4 - A\ - to relate the initial speed v t to the distance .r along the plank that the box moves 
before coming to res*. 

SET L t P: The component of weight down the incline rs mg sin a . the normal fcece is mgeosa and the friction force 
is / - /smgeoxa . 

» 

Execute: AK = 0--m>^ and W - [l-mgma-umvco%a)dx. Then 


i.Y 


W' - -mgj(sin a -t Ax cos a\ix. W - -mg sin ax 


Set If - A K : --Imi - -mg\ sin ax+^lcos a t 


To eliminate r. note thit tlx box comes to a rest when the force of 
static frxtion balances the component of the weight directed down the plane. So. mg sin a - Ax mg cos a . Solve this for 


v are! substitute into the previous equation: x 


sin a _ I i 

- - 

A cos a 2 


Kina 


sin a 


KdSb) —} 


mil 


upon canceling factors and collecting terms, v* *’ —- The box will rcmiin stationary whenever v‘ ^ ■ —— 


.1 cos a 
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6 . 101 . 


6 . 102 . 


6.103. 


Evaluate: If v„ is lixi small the box slops at a point where the friction force is too small to hold th: box in place. 
*in<z increases and cosa decreases as a increases, so the v u required increases as a increases. 

IDENTIFY: In put (a) follow tb: steps outlircd in the problem. For parts (b). (c) aixl id t apply the week-energy tbrorem. 
SKI lip: j.v'rfv = i«‘ 

EXECUTE: (a) Denote the position of a pocce of the spring by /; / - 0 is the fixed point aixl / - /. is the moving end of 
the spring. Then the velocity of the point ccorcspanding to /. denoted ir. is u(/) — L /-1 (wtxn the spring is moving. / 
will he a fuixtion of tine, aixl so u is an implicit function of time). The mass of a piece of kngth di is dm - (A VL )dl. 

and » JK -Lldmtu' - and A' - f JK - — [‘l'dl * — 

2 2 L I 2L 6 

(b> -inn- 1 . «■ >2CK> NmK0()5J kgl(2.50-10 : mi-6.1 in*. 

(c) With the mass of the spring included, the work that the spring does goes into the kinetic energies of both the ball 
and the spnng. sk»4*.v : - Lmr* + iA/v a . Solving foe r. 


13200 K m) 


nt - M 3 ^(0.053 kg)-t 10.243 kgX.l 


(2.50 x 10 *m)- 3.9 m s. 


(d) Algchraicallv. imv 3 - ■ :1 : 0.40 J and i.\/v* ^ ——— 0.60 J. 

2 (l + Alim) 6 (l + 3mUf) 

EVALUATE: For this hall and spring. ■ "17”^* | ' ^ - 0.65 . The percentage of the final kinelic energy 

that ends up with each object depends on the rain) of the masses of the two objects. As expected, when the mass of the 
spnng is a small fraction of the miss of the ball, tb: fraction of the kinetic energy that ends up in the spnng is small. 
Idlvujv: In both cases, a given amount of fuel represents a given anxiunt of work IF, tint the engine decs in 
moving the plane forward against the resisting force. Write M j. in terms of the range R and speed v and in terms of the 
time of flight T and v. 

SET UP: In both cases assume v is constant, so IF, - RF and R - v7 . 

Execute: In terms of the range R and the constant speed v. H* - RF - R[ -f !L I. 


In terms of the time of flight T % R - vt. so W - vTF - 




(a) Rather than solve few R as a function of v. ditVerentiate the first of these relations with respect to v, setting 
dH j . dR dF dR dF 

-- - 0 to obtain —F r R -0 for the imximum range. — - 0. so-0. Redeeming the ditTerentiation. 

dv dv dv " dv dv 

dF . 

- 2 flv - 2 R'v - 0 . which is solved 6>r 

dv 


— 


fiT (3.5x10' S-mW 
0.30 N s* m* 


32.9 nvi - 118 km h. 


(b) Similarly, the maximum time is found by setting — (Fv) - 0; performing the ditTerentiation. — B?v m - 0 . 

dv 


r JL 

3 a 


3.5x10' N-mVf 
3<0.30N s /m ) 


25 m s-90 km h. 


I 


Evaluate: When V - (fl'af 4 . F mt has its minimum value F mt - 2d<iji . For this v. R - (0.50)—1-and 






7] -<0.50><z ‘ 4 fl 14 . When v a (/ftkr) v4 % F+ = 2.lJaP . For this v, R> = (0.43)—and F =(0.57)r/ * 4 /i ;4 . 

yJdP 

ft >tf.and F > 7]. as they should he. 

iDLMItA: Foe each speed, calculate the time. Then use the graph to find the oxygen consumption aixl from that the 
energy consumption. 

SETUP: t - d\ 




6-28 Chapter 6 


Execute: (u) The walk will lake one-fifth of an hour. 1 2 min. From the graph. Ibe oxygen consumption rale 
appear % lo be about 12 cm'&g • min. and so Ihe total energy it 

<12 cm\kg min) (70 kg) (12 mini <20 i/cm a ) = 2.0x10 s J. 

<b) The run will take 6 min. Using an estimation of the rate from the graph of abnut 3.1 cm .'kg • man gives an energy 
consumption of about 2 . 8 x 10 * i. 

(c> The run takes 4 mm. and with an estimated rate of abnut 50 cm\'kg • min. the energy used is about 2.8 x 10' J. 

(d) Walking is the most efficient way to go. In general, th: point where the sk>pc of the line from the origin to the 
pornt oo the graph is the smallest is the most efficient speed; about 5 kin h 

EVALUATE: In an exercise program, for a lixed distance, running burns more energy than walking*. 

6.104. iDEMltY: Write equations similar to (6.11) fee each component. Ivq.(6.12) will now involve the sum of three 
integrals, one for each component 
SETUP: v*» v* -f v) ♦ »£ 

EXECUTE: From F - mtf. /•' -ma ,F t - tmt and F -nut . The generalization of liq. (6.11) is then 


df. 

i.-. a 

dx 


A 


A 




Th: total work is then 



EVALUATE: F and dl are vectors and have components. IF and K are scalars and we never speak of their 
components. 









’ 
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Execute: <u» a:, - 0. y, - o. y - 3.25 m . A', • u„ , = *,+ ; give (/ 


,,. 1 -Ar.and «©-, - imvC. 


v, - ,/2gy ml‘H3-25 m) - 7.9S m* . 

(bn, - 2 50 nvS. y ) - 0. y = 3.25 m . AT, + U ft , - A. and i«i- - mgi, - 4«iy . 
v, " ,/»? • 2gi, = ^(2.50 m*) 1 -• 2(9.SO m*‘)(3.25 m) - 8.36 nv'». 

(c) v, — 2.5 m s and \\ - 8.36 , Ihc same as in part lb). 

EVALUATE: Kinetic energy depends only on Ihc speed, not on Ihc direction of the velocity. 

7.5. IDEST1FY and S*: T ! P: Use energy nxtluxis 

(a) A -f U -t W - A, + 6\. Solve for A', and then use A % - lmv\ to obtain v,. 


H' §4% , - 0 (The only force on tb: 
hall while it k in the air is gravity.) 
A', = A% = ywvj 
C/i»«CT f v, = 22.0 m 
Ui 3 "•£»*: = 0. since V a - 0 
for our choice of coordinates. 



Execute: A»*f + 


figure 7.5 


"KVi - ? mv : 


i\ ^ + 2g\\ ^ 12.0 m. , s) J -t 2(9.80 nvs* X22.0 m) - 24.0 m 


Evaluate: The projection angle of 53 .\° divsn’t enter into the calculation. The kinetic cixrgy depends only on 
the magnitude of the velocity: it is independent of the direction of the velocity. 

<h) Nothing changes in the calculation. Th: expression derived in part (at for i\ is independent of the angle, so 
>\ - 24.0 m s. the same as in pari (a). 

(c) The ball travels a shorter distance in part ibh so in that case air resistance will have less ctVcct. 

7.6. Iut.Mlh: The normal force docs no work, so only gravity does wxirk and l:q.(7.4) applies. 

SET IP: A’ - 0 . The crate’s initial point is at a vertical height of t/sina above tb: bottom of the ramp. 

Execute: (u) >\ - 0. y, - Jsinr/. A, *6’ - A 1 + V 4 l gives V # , - A,, mgd ana - ±mv: and 


(ht >*,-0, )\ = -dnna . A. 0- A\ r. 0-imv? +(-«^rfsinfl|aiid 

v% = ^2 gd sin a , the same as in part (a). 

(c) The normal force is prrpendieular to the displacement and dees rci work. 

EVALUATE: When we use U- mgv we can take any point as y - Obut we must take t) to be upward 

7.7. 1DI-N nrv: Apply l:q<7.7) to poents 2 and 3. Take results from Example 7.6. If'^. - - A lhc work done b Y InclKHL 
SET ip: As in Example 7.6. A\ = 0. 6\ - 94 J. and C/, ^ 0. 

Execute: The work done by friction is -(35 X) (1.6 m) - -56 J . A, = 38 J. and v t - 3 2.5 m* 

EVALUATE: The value of v, we obtained is tb: same as calculated in Example 7.6. For the motion from point 2 to 
poant 3. gravity does positive work, friction docs nc-^itive work and the net work is positive. 

7.8. IDEMIFY and SET UP: Apply Eq.(7.7) and eonsxler how* each term depends on the mass. 

EXECUTE: The speed is »• and the kinetic energy is 4A'. The work done by friction is proportxmal to the normal 
force, and hence to the mass, and so each term in liq. (7.7) is proportion!) to the total mass of the crate, arxl the 
speed at the bottom is the same for any mass. The kinetic energy is proportional to the mass, and for the same 
speed but four times the mass, the kinetic energy is quadrupled. 

EVALUATE: The same result is obtained if we apply - n t* to the motion. Each fwee is proportional tow 
and m div ides out. so a is independent of m. 
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7.9. IDEXYIFV: H’ fc4 - Ky.- K g . The farces on the rock an: gravity. tbc nor mil force ami frxlion. 

Si:r I P: Let y - Oal point 8 and lei +y he upward. y M - R - 0.50 m . The work done by fricticei it negative; 
H' r - -0.22 J. K t - 0 . The tree-body diagram for Ihc rack at poant 8 is given in Figure 7.9. The acceleration of 
the rack at this paint is a lmt - i ‘R . upward. 

Execute: (u) 111 The mmnal force is perpend kuIot to th: displaccircnt and does /era work. 

<«> = V „., =mgy, -(0.20 kgK^.80 m's'xO.SO m)-0.98 J . 

<b) H* - W. •» * »’ -0 + 1-0.22 J) + 0.98 J - 0.76 J . It' - K, - K. rive* -mvi - »’ . 


E- EH.2« n , 

V m \ 0.20 kg 


(c) Gravity is constant and equal ta mi?, n is not canstant: it is zero at A and not zero at 8. Tlvrcforc, / t - // ( n is 
also not canstant. 

(dt F f - tp tj applied to Figure 7.9 gives n - mg - . 

Evaluate: 111 the absence of friction, the speed of the rock at point 8 would be yjlgR - 3.1 m s . At the rock 
slides through poant 8 . th: normal force it greater than the weight mg - 2.0 N af the ruck. 


A 




lifts re 7.9 

7.10. Identify: Only gravity does work, so I^q.(7.4) applies. 

SET IP: Let poant 1 be just after the rack leaves the thrower and point 2 be at the minimum height. Let 
v. - 0 and -f1 be upward, v - i* . At the highest point. v\ - »..cos 0. san* 0 + cos* O - I. 


7 . 11 . 


EXECUTE: 




give* i*; = + mgy,. y t -^=-(1-co»* 0\ - 


. was to 


be shown. 

EVALUATE: The initial kinetic energy is independent of the angle //but tbc kinetic energy at the maximum 
height depends on O . so tbc maximum height depends on 0 . 

IDENTIFY : Apply Eq.<7.7) to th: motion of the cor. 

SET UP: Take i =0 at point A. Let point 1 h: A and point 2 be 8. 


7 . 12 . 


A', + £/, ■+ ir„ w - A 2 ♦ Us 

Execute: L\ = a V 3 - mg{2R) - 28.224 J. - W, 
a; - yimf ^ 37.500 J. A* - iimj - 3S40 J 

The work energy relation then gives IF, - A 3 +b\ - A, - -5400 J. 

Evaluate: Friction docs negative work. The final mechanical energy I A ; . +b\ - 32.064 Jt is less than the 
initial mechanical energy < A, -f U t - 37.500 )) because of the energy removed by friction work. 

I DEN liFY : Only gravity does work, so apply Iiq.<7.5). 

Ski i. r: v, - 0, «i imv, 1 - mg(.v, - >.). 

EXECUTE: Tar/an is lower than hrs original hcicht bv a dislamc v. - ». - /(cos 30° - cos45^) so his speed is 


v - ^2#/<cas3u* -cos45*) - 7.9 ml a bit quick tor conversation. 
Evaluate: The result is independent of Tor/an’s mass. 
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7.13. 



l\ =t 8.00 m)sin 36.9* 
- 4.80 m 



(a) IDENTIFY and SET UP: F is constant so Eq.(6.2) can he used. The situation is sketched in Figure 7.13a. 

Execute: W, -(/• a c«»^|.v-(llONXcc»O 9 XK.0Om>-K8O J 

Evaluate: F is in the direction of the displacement and docs positive work. 

(I»> IDENTIFY and SET I P: Calculate IF using Fq.|6 2i but first must calculate the friction force. Use the free- 
body diagram for the oven sketched in Figure 7.13b to calculate the normal force n; then th: friction force can he 
calcuhtcd from f. - ig.it. For this calculation use coordinates parallel and perpendicular to the incline. 


Execute: y/•' - mu 
n-mg cos 36.9° = 0 
it - /W£Cos36.9' 5 

A = fK« = H"#«>*36.9 : 

/. - lO25M10.0 kuK9.80 m s* )cos36.9* - 19.6 N 


Figure 7.13b 

H f -(^cos^ls = (19.6 NKccwl80°)(8.00 m>--157 J 
Evaluate: Friction does negative work. 

|c> iDKVnFV and SET I P: U - mgy; take y - 0 at the hattom of the ramp. 

EXECUTE: A U - 6', - U, - o«(y, - y, ) - (10.0 kgH9.S0 mV)(4.K0 m - 0> - 4701 
Evaluate: The object moves upward and 6’ increases. 

(d) IDENTIFY and SET i p: Use Fq.<7.7). Solve for AAT. 

Execute: K, +v x -t -- K i +U 3 

AK-AW, W A%m 

AAT = H^-AC/ 

= W f «f W f = 8S0 J -! 57 J = 723 J 
\U - 470 J 

Thus \K - 723 J - 470 i - 253 J. 

EVALUATE: is positive. Sonx of goes to increasing C'and the rest goes to increasing K. 

(e) IDENTIFY: Apply - ma to th: oven. Solve for a and then use a constant acceleration cquition to 
calcuhtc v y 

SET I P: We can use tlx free-body diagram that is in part (b|: 

Z /: . =ma . 

F ~A - xin 36.9° - <rw 

F- A“ m?san36.9 : 110 N -19.6 N -(10 kg*9.80 m s*)sin36.9 : 


EXECUTE: 


10.0 kg 


3.16 ms" 


SETUP: ». -0. u-3.16 mV. «-*,■*K.00m. 


»<. =< 

Execute: i,. = > /2fl < (.Y-i,>-^2<3. | 6m'V')(>t.OO ml - 7.11 mi 
Then A K - K. - K, --uiv? -.<100 kg*7.l 1 nv t)’ - 253 !. 

EVALUATE.: This agrees with the result calculated in part (dl using energy methods. 
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IDENTIFY: Only gravity docs work. soapply Eq.(7.4). Use F - ma to calculate the tension. 

SKI IP: Lei > - Oat the bottom of the aa*. Let point 1 be when the string mikes a 45° angle with the vertical and 
point 2 be w here the string is vertical. The rock mol'd in an arc of a circle, so it has radial acceptation a tal - y 2 ir 
EXECUTE: (a) At tlx top of the sw ing, when the kinetic energy is zero, the potential energy (with respect to the 
bottom of the circular axe ) is mgi (I - cos 0 ). where / is the length of the siring and 0 is the angle the string mokes 
with tie verticil. At the bottom of the swing* this potential energy has become kinetic energy, so 
mg/(l - costfl - or v - ^ 2 #/(l - costf) - ^2(9 80 m s') (0 80 ml (1 - cosdS 3 ) - 2.1 m s . 

(b) At 45° from th: vertical, th: sjxcd is zero, and there is no nxlial acceleration: the tension » equal to th: radial 
component of the weight, or mgeotO -(0.12 kg) (9.80 m s*) cos 45 : - 0.83 N. 

(c) At the bottom of the circle, the tension is the sum of th? weight and the mass tinxs the radial accelcruticei. 

mg + mv* jI - «£(1 -f 2<1 - cat 45")) = 1.9 N 

EVALUATE: UTien the string pusses through the vertical, the tension is greater than the weight because th: 
acceleration is upward. 

I dev iify: Apply U d - ±kx 2 . 

SET t P: kx - F . so U - LFx .where /* rs the magnitude of fcece required to stretch cc compress the spring a 
distance x. 

EXECUTE: (a) </2lfKOO NM0.200 m) - RO.O J. 

(b) The potential energy is proportional to the square of the compression or extension; 

(80.0 J) (0.050 m/0.200 m) : - 5.0 J 


EVALUATE: Wc could have calculated k - 


> 200 m 


- 4000 N man! then used V . - Ikx 2 directly 


IDENTIFY: Use the information given in the problem with F - kxto find k. TTicn U d — ^kx' . 

SET l P: a* is th: amount the spnng is strctelied. When tlie weight is hung from the sprine. F - mg 


Ir.U.Ult: s _ __ 


2(100 J) 


F mg <3.15 kg |<9.80 m s*') 


- 22 05 N m . 


1.1340 in-0.1200 m 



- ±0.0952 m - ±9.52 em . The spnng could he either stretched 9.52 cm or 


Y k T 2205 N.‘m ’ 

compressed 9.52 cm. If it were stretched, the total length of the spring would be 12.00 cm + 9.52 cm - 21.52 cm 
If it were compressed, the total fcngth of the spring would be 12.00 cm -9.52 em - 2.48 cm . 

Evaluate: To stretch or compress the spring 9.52 em requires a force F - kx - 210 N . 

I DEN nfY: Apply U A - lkx 2 . 

SET t P: U % - . x is the distance tlie spnng is stretched or compressed. 

Exicut (a) fi) »• - 2.,give V„ -- i*(2r,)’ - 4(4*^) - 4 U, . (il) x = ,J2 give 
U^Hx o n} 1 =±Qb,i) = U t /4. 

(b)(1) U - 2U, give* yki‘ = 2(4fai I uml .« - . (ii) V-U,l 2 give jtf' = 4(4*<! I and 

EVALUATE: V is proportional to r" and x n proporlMinil to . 

Identify: Apply Lq.<7.l3). 

SET up: Initially and at the highest point, v - 0. so A, - A\ - 0 . ft[ 4m -0. 

Execute: (ii) In going from rest in the slingshot's pocket to rest at the maximum height, the potentul energy 
stored in the rubber band rs converted to gravitational potential energy; 

U - nip - <10-10 1 lcgM9S0 n»‘* ! ) (210 m) - 2.1*» J. 

(b) Because gravitational potentul ecxrgy is proportional to mass, the larger pebble rises only 8.8 m 

(c) The lack of air resistaixe and no deformation of the rubber band arc two possible assumptions. 

Evaluate: The potential cixrgy stored in the rubber band &pcnds on k for the rubber band and tlie nuximum 
distance it is fetched. 
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7.19. IDEYIIFY and SET I P: Use energy nxthcxU "Ilvcrc arc changes in both clastic and gravitational potential energy. 
clastic: IS gravitational: U-mgy. 


LMCITTL 


(.> C/.itf » v - J—— - if 1- ** ^ 1 - = 00632 m - 6.32 
* Vi V1600 N/m 


31 


(b) Points 1 and 2 in the motion are sketched in Figure 7.19. 


V *| — l> 


W M - 0 (Only week is that dew 
fry gravity and spnng force) 

*,« 0, K x = 0 

y - 0 at fmal position of book 
U*mg(M+d ). 


The origiml gravitational potential energy of the system is converted into potential energy of the compressed 
spnng. 

Ikd* - mgd - myk - 0 



mg±Atmg\ 


*+ 4 |.T*)*"®** j 

must be positive, so d - — I mg + yj\mgY r 2Am#A 


d^ 


Ml.20 kg*9.K0 ms 5 1 


1600 N/m 

^«l .20 kgM9.80 in s' » j +2(1600 N mX 1.20 kg)(9.S0 m s* X0.S0 ml 
d - 0.0074 m 10.1087 m - 0.12 m -12 cm 


Evaluate: It was important to recognize that the total displacement was h ♦ d\ gravity continues to do work as 
the book moves against the spring. Also note that with the spring compressed 0.12 m it exerts an upward force 
< 192 N) greater than th: weight of the book < 11.8 X). The book will be accelerated upward from this position. 

7.20. IDENTIFY: Use energy methods. There an: changes in both clastic and grav itational potential energy. 

SET I P: K k + 6’, t- + U y Points 1 and 2 in the motion are sketched in Figure 7.20. 


y 

Th: spiring force and gravity arc the 
only forces doang work on the cbcetc. 
so W M -0 and U =lS* m +U d . 


EXECUTE: C heese released from rest implies K { - 0. 

At the maximum height >\ - 0 so K 1 -0. 

V l -tf u +(/ kaw 

>-, =0 implies -0 

U IM - 4fa; ^ 4(1 so: N.’mXO. 15 m)' - 20.25 J 

(Here r refers to the amount the spnng is stretched or compressed when the cheese is at position 1; it is not the 
vcoordinatc of the cheese in the coordinate system shown in the sketch.) 


«UJ ♦ 


'I —m- 


I iiarc 7.20 
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t/j - «i&i\. where y> is the height we arc wiving fee. L\ m - 0 since now the spring is no longer compressed 
Putting all this into A, + C/, -f \V M = A, -t L\ gives U lM - V l 9 ^ 

20.25 J 20.25 J 

v . -- - IjJm 

m*r (1.20 kgM9.80 m's*) 

EVAliiATE: The drscription in terms of energy is very simple: the elastic potential energy originally sieved m the 
spnng is converted into gravitational potential energy of the system. 

7.21. IDEVIIFY : Apply Eq.<7.13). 

SET UP: I*' - 0 . As in Example 7.7. A' - 0 and U ^ 0.0250 J. 


Execute: For v, - 0.20 m/%. K - OIIOIOJ . V, - 0.0210 ] - Afa* Jnd * -t ) :|l>o:illJI _ jo.012 m. The 

\) 5.00 N/m 

glider has this speed when the spring is stretched 0.092 m or compressed 0.092 m. 

Evaluate: Example 7.7 showed that v 4 - 0.30 m s w hen a* - O.tX^OO m . As r increases. \\ decreases. so our 
result of »’, - 0.20 in's at x - 0.092 m is consistent with the result in the example. 

7.22. I DEV lit v and SET UP: Use energy nxthccls. The elastic potential energy changes. In part (at solve for K, and 
from this obtain v } . In put (b) solve for 6’. and from this obtain x. 

(a) A, +(/, t W+h =- Ks+IS 3 

poant 1 the glider is at its initial position. where .r, - 0.100 m and \\ - 0 

poem 2 : the glider is at x - 0 

Execute: A, -0 (released from rest), A. - 

U x - CA - 0 . - 0 (only the spnng force lines work) 

Thus »Lr - (The initial potential energy of the stretched spring is converted entirely into kinetic energy of 
the glider.) 


ll,<0.10Qm)J 5<l ° N : m -0.5(HQ n ,., 

* \ m V 0 200 kg 


(ht The maximum speed occurs at a* - 0. so the same equation applies. 




, _ v I™ , 2.50 nv t | Q:, ’ !l - 0.500 

*V * Y5.00 N'm 


Evaluate: Elastic potential energy is converted into kinetic energy. A larger x, gives a larger v\. 

7.23. IDENTIFY: Only the spring docs work and liq.(7.11) applies, a - --— . where F is the force the spring exerts 

m nt 

on the mass. 

SET I P: Let poent 1 be the initial position of the mass against the compressed spring, so K - 0 and U t - 11.5 J . 
Let poent 2 be where the mass leaves the spring, so U d » - 0. 

EXECUTE: (■> A', A.-, r give, U M = K.. ±mv: = l/, .ml v, = - ^ 0 [’J - 5 05 "» * • 

A' is largest when is least and this is when the miss leaves the spring. The mass achieves iLs maximum speed of 
3.03 m’s as it leaves the spring and then slides along the surface with constant speed. 

(b) The acceleration is greatest when the force on the mass is th: creates!, and this is when the spring has its 


maximum 


compression. U . - ~kx‘ so x - I ^ ‘ - -I ——— -0.0959 m . The minus sign indicates 
V * * Y A V 25C3 Nm 


~ , .Ax (2500 N’m#-0.0959 m) 

compression. / - -Ax-ma and a - -_- -- 95.9 m s*. 

J m 2.50 kg 

Evaluate: If the end of the spring is displaced to the left when the spnng is compressed, then a t m part (b) is 
the right, and vice versa. 
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7.24. (a) IDENTIFY' and SET IP: Use energy methods. Ilolh clastic and gravitational potential energy change*. Week is 

dixie by friction. 

Choose point I ax in Example 7.9 and let that be the origin, so y - 0. Let point 2 be 1.00 m below point I, so 

y,a- 1.00 m. 

Execute: AT, + L\ ♦ ^ K 2 + L\ 

K - inrif = y(2000 Itg)l25 m's> J - 625.000 i. L\-0 
-117.000 N)( 1.00 m) = -17.000 l 

K^rmgl 

+ 7*^ 

U, ^OlOkgWSOms'X-l.M m).i(1.4l x I0 1 NmMl.OOmr 
U, - -19.600 J 70.500 J = -.50.91X1 I 
Tluu 625.000 J -17.000 J = 50.900 J 


= 557.1001 
,'2(557.100 Ji 


2J.6 m f 


\ 2COO kg 

EVALUATE: The elevate* stops after descending 3.00 m. After descending 1.(10 m it is still moving but his 
slowed down. 

(b) IDEM1FY: Apply Y/’’ - md to th: elevator. We know the forces and can solve for a. 

SET ip: Tlie frec-bodv diagram for th: elevator is given in Figure 7.24. 


'.M* 


E\FX nr.: f - U. w here d is the 
distance the spring is compressed 

E'.—, 

f+F^-mg-ma 
t\ + kd ~ mv - ma 


Figure 7.24 


t\ -t hi-try 17,000 X +(1.41x10* N.mK I X m) - (2000 kgH9.S0 mV) ^ ^ ^ 

«i ” 2000 kg 

We calculate thit a is positive. so the accclcraticoi is upward. 

Evaluate: The velocity is downward and the acceleration is upward, so the elevator is slowing down at this 
pixnt. Note that a - 7.1#: this is unacceptably high for an elevator. 

7.25. Identify: Apply Iiq.(7.l3)and F-ma. 

SET UP: - 0 . There is no change in U %mt . A, = 0 . L\ - 0. 

EXECUTE: ^kx’ - ifirv;. The relaticeis for /w. v. % k and.v are kx' - mv* and kx - 5ui#. 

> j 

Div iding the first equation by the second gives .r - —- . and substituting this into the second gives k - 25—— 

t _ 25 (H 60 kgl9.S(t nvt'l' _ 446x |0 ' N , m 
(2.50 nvS)’ 

aS0n^_ ;0 .,2Sn, 

5(9.80 m'*') 

EVALUATE: Our results for k and r da give th: required valixs for a t and v.: 

kx (4.46x 10* N/m(0.128 m) . , c A . |T . c 

a -- 49.2 m s = 5.0s* and v - x -2.5 ms . 

4 m 1160 kg 4 Vw 
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7.26. Identity: =mgco%&. 

Si:11 P: When lie move* upward. ^ - ISO''and when be moves downward. ^ - 0° . When he move* parallel to 
the ground. ^ - 90'. 

Execute: (u> h;„ *(75 kgK9.80 mi 1 *7.0 m(co»lS0°--5100 J. 

<b» H;„ = (75 lg*980 m V'x’.O m>c<u<r- -5100 I. 

<c> a - 90" in each owe and \\' rr - 0 in each ca.sc. 

(ill The UMal wort done on him by gravity during Ibe round tnp it -51(0 i ■* 51(0 J - 0 . 

(e) Gravity is a conservative force since th: total work done tor a round tnp is zero. 

EVALUATE: The gravity force is independent of the position and motxin of the object. W hen the object moves 
upward gravity does negative work and when tb: object moves downward gravity does positive work. 

7.27. Identity: Apply l\ - f k s cos^. f k -/j k n. 

SET I P: For a circular trip tbe distance traveled is d - 2xr . At each point in tbe motion the friction fcccc and the 
disphxcmcnt arc in opposite directions and $$ - 180’. Therefore. - —f k (2jrr ). n - mg so f \ - • 

Execute: (u> W, - -^mgltr - -10.250x100 kg«9.S0 m't 1 H2.tH 2.00 m) - -30S J . 

<l>) Tlie distaixc alone tlie path doubles so tb: work done doubles and hcconxs -616 J . 

(c) The work done for a round tnp displacement is ixit zero and friction is a nonconservative force. 

EVALUATE: The direction of the frxlion force depends on the direction of motion of the c*>jcct and that is why 
friction is a nonccmservativc force. 

7.28. IDENTITY and SET I P: The force is not constant so we must use Eiq.(6.14) to calculate W. The properties of work 
dime by a conservative force are described in Section 7.3. 

»-) Fi//. F--at ! 'i 

Execute: (a) <st - dyj <.v is constant: tb: dcsplacenxnt is in the -tv-direction l 
F dl - 0 t since if- 0) and thus W - 0. 

< l> > dl -dxi 

f dl a (-ax 3 i ) • (dxi ) - -ax' dx 

H = ^((0.3°0 m>* - (0.10 m) l >- -0.10 J 

(c> dl - dxi as in part |bk hut now .y, - 0.30 m and x 1 -0.10 m 

H* - -^a(xl — ig > ■ -tO. 10 J 

<d) Evaluate: The total work for the displacement along the vaxis from 0.10 m to 0.30 m and then back to 
0.10 m is the sum of the results of parts l b) and (c). which is zero. The total work is zero when tlie starting are! 
ending points arc the same, so the force is conservative. 

Execute: -«,') = - fajJ 

Tlie definition of the potential energy function is IF „ -L\ — C/j. Comparison of the two expressions fee II* gives 
U - -ax . This dexs correspceid to U - 0 when a* - 0 . 

Evaluate: In part ta) tbe week (kmc is zero because the force and displacement are perpendicular. In port (b) 
the force is directed opposite to the displaccnxnt and tlie work done is negative. In part (c) the force and 
displacement are m the sanx direction and the work dime is positive. 

7.29. Identity: Since the force is constant, use W - Ficaif . 

SET I P: For both displaccnxnts. the direction of the friction force is epposite to the displacement and ^ - IKCF . 
Execute: (u) When the book moves to the left, the Indian force is to the ngbt. and the work is 
-(I.2NX3.0 ml - -3.6 J. 

<b) The friction force rs now to the left, and the work is again -3.6 J. 

<c> -72 J. 

(d) The net work done by friction for the round trip is not zero, and friction is ixit a conservative force. 

EVALUATE: The direction of the fnction force depends cm the motion of the object. For the gravity force, which 
is conservative, tb: force does not depend on tb: motion of the object. 
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7 JO. 


Identity and SET IP: The fnction force is constant during each displacement and l:q.(6.2| can he used lo 
calculate work, but the direction of the friction force can be different for different displacements. 

/ *= (025K15 kgX^.RO mx J ) - 3.675 N; direction of / is opposite to th: motion. 

EXECUTE: la) The path of the hook is sketched in Figure 7.30a. 


T Carlo* 

¥ 

>X«I 

Figure 7.30a 


For the motion from you to Beth the friction fcece is directed opposite to the displacement t and 
H; ^ -/t - -<3.675 NK8 0 m) -29.4 J. 

For the motion from Beth to Carlos tfo: friction force is again directed opposite to th: dcsplaccrrcnt and 
W 1 - -29.4 J. 


7JI. 


<b> Tlie path of the bixik is sketched in Figure 7.30b. 



x-JUS.O m)‘ -11.3 m 


/ i.% opposite to t. so If - -ft - -43.675 NMI 1.3 m)- -42 J 


<c> 



For the motion from you to Kim 


*i • # Kim 

» 

r 

Figure 7 30c 


W => -<3.675 NK8.0 m) = -29.4 J 



>\i 9-♦ Kim 


i 

Figure ?30d 


for tl>: nxitMin from Kim 
to you 

W a -ft = -29.4 J 


The total work for the round trip is -29.4 J - 29.4 J - -59 J. 

<d> Evaluate: Parts (a) and (b> show that for two different paths between you and Carlos, the work dooc by 
frictxm is different. Part (cl shows tliat when the starting and ending points are the simc. tlie total work is not zero. 
Both these remits show that tfo: friction force is nooconscrvativc. 

IDEN TIFY: *n>c work don: bv a spring on an object attarhed to its end w hen the object moves from x t to x, is 
W - 4“4-tv,*. This result holds for any x- and x f . 

SET I P: Assume for simplicity that x,. x 3 and x } arc all positive, corresponding to the spring being stretched. 
Execute: iu> 4A(.r* -x!) 

(hi -4A(x,* - xj ). The total work is zero; the spring force is conservative. 

<c) From r to x,, W = “**)• From x t to x i# W - -4*(x; - *, 3 ). The nrt work is -4A(x; - .r, 3 >. TTiis is 

the same as the result of part (a). 

EVALUATE: The results of part (c) illustrate that tl>: work done by a conservative force is path independent 




Potential 1 jxrgy and Energy Conservation ?•! I 


7.3 2. IDENTIFY and S*:r IF: Use IU|.<T.17) to calculate tlx force from V{x\ Use coordinates where the origin is at 

one atom. The other atom then has coordinate x. 

EXECUTE: 

dx i/vl x j J x 

Tlie minus sign mean that F rs directed in the -x-dircclnm. toward the origin The force his magnitude 6 C % fx 
and is attractive. 

EVALUATE: V depends only on .r so F is along the x*a.\is; it has noy or r components. 

73X IDENTIFY: Apply lxj.<7.!6). 

Si:r UP: The sign of F indicates its direct ion. 


Execute: F t -= -4ax % - -<4.8 J/mV l F.l-0.800 ml ^ -(4.8 J.Wtf-OSO ml* - 2.46 N. Tlie force is 
dx 

in the -t.r*daro:tion. 

Evaluate: F t > 0 when x < 0 and F t < 0 w hen v > 0 . so the force is always directed towards the origin. 

7J4. iDEVmv: Apply /•'<«>- -—- 


Sn 11*: 




• m. • • - — ■ 

dl 

Execute: 

dx "I dt J x 

is toward it , so the force is attractive. 


The force on it, is in the -x-direction . Tins 


Evaluate: By Newton's 3 law the force on w, dix to m, is Gm/n 3 fx . in tlie *.v-direction (toward m.. ). The 
gravitational potential energy belongs to the system of the two masses. 

dU BU 


73*. IDENTIFY: Apply /• ---and /•. -- 

dx By 




A ' A <v‘ '.»->• 


lb) (x 1 * >' 


- —H 


<c) /* and F f arc negative. F t - ax and F - ay , where a is a constant, so F and the vector r from m to m. are 
in the same direction Tlxrcforc. F k directed toward at the origin and F is attrixlivc. 

x y 

EVALUATE: If 0 is the angle between the vector r that points from «i to m> * thm-cosfJ and — sin0 . This 

r r 

gives F - -F*cos0 and F - -F sin# . our more usual way of wnting tlx components of a vector. 

7-36. Identify: Apply Ixj.(7.l8). 

_ d ( I \ 2 , df \\ 2 

d?,x-i ,■ p,7i 7 


Execute: f - --—i-— / ante (/tasnor-dcpcndencc. --— ai»d —-— 

dx <•. ' t' <> v 


F •-a 


l-2 : - 2 ; 


'' 7 4 f • 


Evaluate: F t and x have the sanx sign and /* and y have the same sign* When x > 0 . F*. is in the 
♦x -direction. and so forth. 
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7J7. IDENTIFY and S*:r I P: Use Eq.<7.17) to calculate th: force from V. At equilibrium F - 0. 
(a) EXECUTE: The graphs are sketched in Figure 7.37. 

V i 



Figure 7J7 


<b) At equilibrium F - 0. so-0 

Jr 


F- 0 implies 


♦ 12<j 

“ 



6fip* - 12 a; toluiian u ihc equilibrium ditUncc t, - I 2 u b)‘ * 

U is a minimum at thi.s r. the equilibrium it liable 

(c> At ' -12u.'fr)‘ \ V -a!r a -bli*-a{b:2a)‘ - h(h! 2a > --h*! 4<r. 

At r -*v>, V = 0. The energy that must be aided u -AL 1 - b’ /4a. 

<d> r,«(2a/A>‘ — 1.13x10"" m give* that 

2 a /6 = 2 . 082 x 10 '“ m' and 6/4a a 2 .402x10“ m* 
b* 14a - b{b!ia )= 1.54 x 10'“ J 

*2.402x10“ m ‘> = 1.54x10 "j and fc = 6.4lx!0 ' Jm*. 

Then 2aib - 2.0S2x 10 " m* give* a = <A/2M2.CS2xlO “ m") = 

1(641x10'* J m‘X2.CS2xlO“ m*)-6.67xl0 J m" 

EVALUATE: A the graphs in purt I a l show. F(r) is the slope of L r (r) at e>:h r. U{r) has a minimum where 
F = 0 . 

7J8. iDGVniY: Apply Fq.<7.l6). 

S»:r I P: is the slope of the U versus .r graph. 


Execute: |u> ( onsidering onlv forces in the ^direction. /’ - -- and so the force is zero wlxn the slope of 


the U is* .v graph « zero, at poants h and d. 

< l»> Point b is at a potential minimum. to move it away from b would require an input of energy, so this point is 
stable. 

(cl Moving away from point d involves a decrease of potential energy, hence an increase in kmctic energy, and the 
marble tends to move further avvav, and so d is an unstable point. 

EVALUATE: At point h, F t is negative when the marble is displaced slightly to the right arxl F t is positive when 
the marble is displaced slightly to the left, the force is a restoring force, and th: equilibrium is stable. At pomt J. a 
small displacerrcnt in either direction produces a force directed away from*/and the equilibrium is unstable. 

7J9. iDEVnFY: Apply Y F - mu to the hag and to the box. Apply FqX 7.7) to the motion of the system of the box 
and bucket after th: bag is removed. 

SET UP: Let y = 0 at the final height of the bucket, so y, - 2.00 m and >\ - 0 . A, - 0 . The box and the bucket 
move with the &imc speed r. so K 1 - )** • W*** — . with d = 2.00 m and / t - - 

Before the bag is removed, the maximum possible fricticn fcecc the roof can exert on the box is 
(0.7001(80.0 kg * 50.0 kgM9.S0 m/s*) - S92 N . This is larger than the weight of the bucket (637 N). so before the 
bag is removed the system is at rctf. 

EXECUTE: (Ul The friction force on the bag of gravel is zero, since there rs no other hcei/ontal force on the bug 
for friction to oppose. The static friction force on the box cqinls the weight of the bucket. 637 N. 
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7.40. 


7.41. 


7.42. 


7.43. 


(b) Ball.7) gives «•. - i.d - . with *?. - 145.0 kg . v a Ll-(iir r*. - >. 




- ]- 1 -1 <65.0 kgX^.HO ill's 1 )(2.00 ml-(O.40O)iSO.O kgX9.80 nv's*X2.00 m) I . 

U 145.0 kg L J 


- 2 ..j -0. 0^ -H\ ^ -f^»igs. with .v- 2K0 ft *85.3 


v * 2.99 mi . 

Evaluate: If we apply Y/ - our to th: box and to the bucket we can calculate th:ir common acceleration a. 
Then a constant federation equation applied lo either object gives v - 2.99 m’x . in agreement with our result 
obtaired using energy iwthods. 

IDENTIFY: Foe the system of two blocks, only gravity dacs week. Apply Lq.< 7.5). 

SET I P: Call the blocks A and 0. where A is th: more massive one. v* - v M - 0 . Let y - 0 for each blork to be 
at the initial heigh* of that block, so y m - y M - 0. y gi = -1.20 m and y n - t- 1.20 m. v Ai * v K - i\ - 3.00 m's. 
EXECUTE: Eq.(7.S) gives 0 -44m 4 ♦wifc.'hj + g(l-20 milntj -jii 4 ) . - 15.0 kg . 

4(1 S.O kgKJ.no m*) 1 -.(9.80 mV)|l.20 mil 15.0 kg-2m,). Solving lor m.givc* m, - 10.4 kg . Aral then 
“4.6kg. 

EVALUATE: The final kinclK energy ol'lh: l»n blocks is 68 J. The pixential energy of block .1 decreases by 122 J. 
The potential energy of block B increases by 54 J. The total decrease in potential energy is 122 J - 54 J - 68 J. and 
this equals the increase in kinetic energy of the system. 

Identify: Apply *.+!/, + - k] +U 3 

Setup: U x ^b\ -K 

EXECUTE: (a) The week--energy expression gives 4wvf - 0 . 

v, - yjlfagi - 22.4 m’s - 50 mph: the driver was speeding, 

(b) 15 mph over speed limit so SI 50 ticket. 

Evaluate: The rcgativc work dime by friction removes the kincta: energy of the object. 

Identify: Apply Eq.(7.l4). 

SET I P: Only the spring force and gravity do work, so IF - 0 . Let i - 0at the hori/ceital surface. 

EXECUTE: (u) liquating the potential energy stored m the spring to the block's kinetic energy. 4^** - yWV 1 . or 

v - v - 10.220 m) *3.11 m's. 

(b) Using energy methods directly, th: initial potential energy of the spang cquils the final gravitational potential 

1( v r f 4-tv* 4<4X M mK0.220mF n#t _ m 

energy, -tv* - /wg/.sintf. or /. —- -- 0.821 m. 

mg sin 0 (2.00 kgX9.80 nvV)*in37.0° 

EVALUATE: The total energy of the system is constant. Initially it is all clastic potential energy stored in the 
spnng. then it is all kinetic energy and finally it is all gravitational potential energy. 

IDF.MIFY: Use the work-energy theceem. Iiq<7.7). The target variable will h: a factor in the work done by 
friction. 

SET I P: Let point I be where the Mock is released and let point 2 he where the block stops, as shown in 
Figure 7.43. 


r |- 


v: 




l.QOnt 


Work is done on the 
block by the spring and 
by frxtion. so H’ 4m - IF 
n:d V-U A . 


Figure 7.43 

Execute: at, * K } * o 

V, -4 fa,* -4(1(0 N:mK0.200m|’ 2.00 J 

t/j - 0 . since after the block leaves th: spring has given up all its stored energy 

H' t f - IF. - (f^ cos^Xv - /i iu^<cosp\v - since p - ISO* (The friction force is directed opposite to the 

displf ement and dies negative woric.l 




7-14 Chapter 7 


Putting all this into A' + (/, + H r M - A', + Us gives 


Vim+ 0 


7.44. 


a mi?.s = t/ 


i .i 






:«ri J 


-0.41 


• mgs (0.50 kg)|9.S0 mfr XI 00 m) 

EVALUATE: V Ui + H*. - 0 say's that the potential energy originally stored in the spring is token out of the system 
by the negative work done by friction. 

Idln I1FY: Apply Lq.<7.l4). Calculate f x from the fact thit the crate slides a distance x - 5.60 m before coming 
to rest. Then apply Eq.(7.14) again, with x - 2.00 m . 

Set UP: £/, = b \ k = 360 J. U x = 0. AT, = 0. - -f k x . 

Execute: Work dooc by friction against the crate bangs it to a halt: V x - . 

fx - potential energy of compressed spring . and /. - --- - 64.29 N . 

5.60 m 

The friction force working over a 2.00 m distance does work equal to - J\x = -(64.29 NX 2.00 m) - -I2H.6 J. Hie 
kinetic energy of tb: crate at this point is thus 360 J - 128.6 J - 231.4 J. and its speed is found from 


mi-'2-231.4 J.so v = l 2l2il4Jl = 3.04 m'l. 

\j 50.0k g 

EVALUATE: The energy of the compressed spring goes partly into kinetic energy of the crate and is partly 
removed by the negative week dnne by friction. Alter the crate leaves the spring the crate slows down as friction 
does negative work on iL 

7.45. IDI.M1FY: At its highest point between bounces all the mechanical energy of the hall is in the form of 
gravitational potential energy. 

SET I.P: £ - V = mgh . where ft is the height at the highest point of the motion. 

EXECUTE: (u> mgh -(0.650 kgM9S0 nvs*)(2.S0 m)- 15.9 J 

<b> The second height is 0.75(2.50 m) - 1.875 m. so the second mgh - 11.9 J ; it loses 15.9 J - 11.9 J - 4.0 J on 
first bounce. This energy is converted to thermal energy. 

(c)The third height is 0.75(1.875 m» - 1.40 m.. so third mgh = 8.9 J ; it loses 11.9 J -8.9 J - 3.0 J on second 
bounce. 

Evaluate: In each bounce the ball loses 25% of its mechanical energy. 

7.46. IDF.YI1FY: Apply Lq.<7.14) to relate ft and v # . Apply ^ A* - mi at point ti to find tb: minimum speed required 
at B for the car not to fall off the track. 

SET I. P: At B. a - R . downward. Tbc minimum speed is when n 0 and mg - mi •' R . The minimum 
speed required is v* = yfgR . AT, - 0 and - 0. 

Execute: (u) Eq^7.14i applied to points A and B gives U A -6 f * - inn * . The speed at the top must h: at least 
<JgR. Thus. mg(/j - 2/?) > 1^/?. or h>^R. 

<l» Apply Iq.(7.14)to points A and C U A -U c - (2.50 )Rmg - K c , so 

IV = J{S.00)gR ^ J(5.00K9.80 m s*K20.0 m) = 31.3 nVs. 


7.47. 


The radial acceleration is 


—— 49.0 mi's*. The tangentul direction is down, the norrml force at paint C is 
R 


hon/ontaL there is no friction, so the only downward force is gravity, and - g - 9.80 m s*. 

Evaluate: If h > . tben the downward acceleration at B due to tbc circular motion is greater than g and the 


track must exert a downward normal force n. n increases as h increases and hence \\ increases. 

(a) IDENTIFY: Use work-energy relation to find tb: kinetic energy of tbc wood as it enters tb: rough bottom. 
SET IP: Let poant I be where the poccc of wood is reVrased and point 2 be just before it enters the rough bottom. 
Let y - 0 b: at point 2. 


Execute: L\ - A' % gives K } - mgy t - 78.4 J 

IDENTIFY: Now apply work-energy relation to the motion along the rough bottom. 
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7.48. 


7.49. 




SET IP: Let point 1 be where it enters the rough bat tom and point 2 be where it stops. 

A, +U, - A\ +L\ 

Execute: = W ( =. K i = - 0: K% - 78.4 J 

78.4 J - Mi/ngi - 0: solving tor s gives s - 20.0 m. 

The wxiod stops afrer traveling 20.0 m along the rough bottom. 

(b) Friction dors -78.4 J of work. 

Evaluate: The piece of wood stops before it nukes one trip across the rough bottom. The final nKchanical 
energy is zero. The negative friction work takes away all the nxehanical energy initially in the system. 

Identity: Apply Lq.<7.l4) to the nxk. P 

SET IP: Let y - Oat the foot of the hilL so b\ - Oand b\ - mg*. where h is the vertical height of the rock above 
the toot of the hill when it stops. 

Execute: (a) At th: maximum height. K i - 0 . Eq.(7.14) gives -U lm . • 

—mvj - umgco*0d - mgtt . d - kitinO. so — v J - geos#- gh . 

2 2 sin O 

1(15 m s)* -(0.20K9.8 mb *) L< * 4 ° fy _ (9.8 m b *Ifc and h - 9.3 m . 

2 sin 40° 

(b)Compare maximum static friction force to the weight component down the plane. 

f. - umgctnO - (0.75H2K kg)(9.8 m V)ccb40 : »158 N. mgxiaff - (28 kgH9* mV *iin 401 - 176 N > f .. m> 

tlie rock will slide down. 

(c| Use same procedure as in part (a t. with /t - 9.3 m and v a being the speed at the bottom of the hill. 

U Uf + IE. - K A . mgh -p^mgcxnO — -i-mr* and 


8ms. 


V„ - fish - 2fi,ghcm0,‘%infl 
EVALUATE: Tor the round trip up the hill and back down, there is negative work done by friction and the speed 
of the rock w hen it returns to the bottom of the hill rs less thin the speed it had when it started up the hill. 
IDENTIFY: Apply Fq.<7.7> to th: mo boo of the stone. 

Set ip: K + U t + * K 1 + U 3 

Let poant I be point A and point 2 be point B. Take y - 0 at point B. 

EXECUTE: mgy t + - rrm*;, with k - 20.0 m and v, a 10.0 m s 

v, = $ + 2gh - 22.2 nv^t 

Evaluate: The kiss of gravitational potential energy equals tbc gam of kinetic energy. 

(b) IDI.VIIFY: Apply Eq.(7.8) to tbc motion of the stone from point B to vvhrre it comes to rest against th: 
spring. 

SET t P: Use A' ♦ b\ + H' ^ - A'. + U }y with point 1 at B and point 2 wlvrc the spring lias its maximum 
corrprcssicm x. 

Execute: b\ K } - 0; A ^ with V, ^ 22.2 m s 
H' iAtt - W t + If;, = w ith s - 100 m + x 

The work-energy relation gives A', *f ML. - 0. 
ytm\ 2 - s “^kr* - 0 

Tutting in the numerical values gives x 2 + 29.4s* - 750 - 0. The positive root to this equatiem is x - 16.4 m. 
Evaluate: Part of the initial mechanical (kinetic) energy is removed by friction work and the rest goes into the 
potential energy stored in the spring. 

(c> IDENTIFY and SET up: Consider the forces. 

EXECUTE: When the spang is compressed .y - 16.4 m th: force it exerts on the stone is F d - Kx - 32.8 N. The 

maximum possible static friction force is 

max /; ^ j*mg - (0.80)05.0 kg)(9.80 m.s J ) = 118 N. 

EVALUATE: The sprint; force is less than the maximum possible static friction force so the stone remains at rest 
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7.50. 


7.51. 


7.52. 


7.53. 


IDENTIFY: Once the block leaves the top of the hill it moves in projectile motion. Use Lq<7.14| to relate the 
speed v„ at the bottom of the hill to th: speed v j0f at the lop and the 70 m height of the hill. 

SET I.P: For the projectile motion, take +y to be downward. a t = 0, a t - g . v« 4 - v l4l , v 4l - 0 . Foe the motion 
up the hill only gravity does work. Take y - Oat th: base of the hill. 

EXECUTE: First get speed at the top of the hill for the block to clear the pit. y - -igf J . 20 m - -i<9.8 nvf V 1 . 


f - 2.0 x . Then » T t - 40 m gives v, 


ir. 


20 nvs . 


' 0 


Energy conserv ation applied to the motion up the hill: ♦ K ^ gives 

Inni - m £ A * —. v k - + IgA - ^(20 ms)* r 2(98 H 70 ml - 42 m’s . 

Evaluate: The result does not depend on the mass of the block. 

Identify: Apply K t + U x + - K : +U 3 to the motion of the person 

SET I P: Point I is where he steps otTthc platform and point 2 is where he is stopped hv the coni. Let y - 0 at 
pwnt 2 y, - 41.0 m. where * = 11.0 m is th: amount the cord is stretched at point 2. The cord 

does negative work. 

Execute: K, - K. - V, - 0. *i> mgy, - -tv’ -0 and * -631 N m. 

Now apply F - Lx to the test pulls: 

F = kx so x*Fik = 0.602 m. 

Evaluate: All his initial gravitational potential energy is taken away by the negative work done by the force 
exerted by the cord, and this amount of cixrgy is stored ax classic potential energy «n the stretched cord. 

IDENTITY: Apply Lq.<7.14) to the motion of the skier from the gate to the bottom of the ramp. 

Set IP: H'^ - —4000 J . Let y » Oat the bottom of the ramp 

Execute: Foe the skier to be moving at no more than 30.0 m s : his kinetic energy at the bottom of the ramp can be 
no bigger than ‘ ’ - 38.250 J . Friction docs -4000 J of work on him during his run. which 

means his combined U and K at tbc top of the ramp must be no more than 38,250 J + 4000 J - 42,250 J. ills A' at the 
mv“ (85.0 k«X 2.0m x) 5 


top is 


2 2 
wloch gives a height above the bottom of th: ramp of h - 


170 J . His u at the top should thus be no nxirc than 42.250 J - 170 J - 42.080 J. 
42,080 J 42.080 J 


50.5 m. 


mg (85.0 kgH9.S0 m’x' t 
EVALUATE: In the absence of air resistance, for this h his speed at the bottom of th: ramp would be 31.5 ms. 
The work done by air resistance is small compared to the kinetic and potential energies that enter into the 
calculation. 

iDt.Yim: Use the work-energy theorem. Eq.(7.7). Solve for K. and then for i\. 

SET I P: Let poant I be at his initial positxm against the compressed spring and let point 2 be at the end of tbc barrel., 
as shown in Figure 7.53. Use F - kx to find the amount the spring is initially compressed by the 4400 N force. 

Vl 

* Take y *0 at his initial positHm. 

Execute: K x = o. k 1 =4 m%i 
2.5 m —fi 

ff^ = -<40 N)<4.0 m( = -160 J 

At 

Figure 7.53 



U t - 0 . U L * - ±hi\ where d is the distance the spang is initially compressed. 

f Jim v 

F - kd so J-_-__-4.00m 

A 11 CO N m 

and U iM = 4( 1100 N mH4.00 mf = 8800 J 

-mg)' 3 =<60 kg)9.S0 m'’s : X2.5 ml - 1470 J. </ u = 0 
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7.56. Idea HEY: Apply A' ♦ U x + H r ltil - K 3 -f L\ to the motion of the rocket from the starting point to the bate of the 
ramp. is the work done by the thrust and by friction. 

SKI I P: Let poent 1 be at th: starting poent and let point 2 be at the base of lb: ramp, r, - 0, v\ - 50.0 ms . Let 
y - 0 at the base and take upward. Then v s - 0 and v, - Jsin 53 w . where d is the distance along the ramp 
from the base to the starling point, friction does negative work. 

Execute: AT t - 0, C/j = 0. L\ r - A\. \V M =. < 2000 Nfc/-i500 N(J -<1500 Nfc/ . 
mgd Hn 53“ •. 11500 N = irn K . 

j. ">'1 _ 11500 kt' »5<l 0 ni m 

2|mg*in53" .1500 X) 2)11500 kg>9.80 m V )sm53' . 1500 X) 

Evaluate: The mitial height is y\ - (142 m)sin53° -113m. An object free-falling from this distance attains a 
speed v - ^2£v, - 47.1 in s . The rocket attains a greater speed than this because the forward thrust is greater than 
the friction force. 

7.57. IDEAIIEY: The fexvc exerted by a spring is F t - -kx . The acceleration of the object is given by F t - mu. . Apply 
I:q.(7.14) to relate position and speed. 

SKI I P: Let -t.r be when the spring is stretched. 

EXECUTE: iu> U -4Ay* . Let point 1 be when the spnng is initially compressed a distarxe x v , so x, - -a;,. 

AT, = 0. W A ^ = 0.4£r* = V 3 + K .. The speed is maximum when x = 0, so l/ 3 = 0. Then Ikx = 4«vJ and 


Vs - v. yk: m is this maximum speed. 


(b) F t = —kx and F t - ma. give a k - -— x . a is maximum when |r| is maximum, so a - — .v t( . 

(cl Tlie speed is maximum when r - 0 . whm the spring has returned to its natural length, and the acceleration is 
maximum when .r = -j*, at the initial compression of tlie spring. 

(dl Wlien the spring has maximum extension. v 3 = 0. •Ai'j - 4Ar* and x - x 0 .The nxigmtodc of the nxavimum 
extension equals the magnitud: of the maximum compression. 

(e) The machine part oseilbtcs between x - -x c and x = ^.v (1 and never stops permanently. 

Evaluate: In any real system there are n>xhamcal energy losses, for c.xan^dc due to negative week done by 
friction, and the object eventually comes to rest. 

7.58. Idea l IEx : Conservation of energy says the decrease m potential energy equals tlie gain in kinetic energy. 

SET IP: Since the two animals are equidistant frwn tlie axis, they c:*:h have the same speed v. 

EXECUTE^ (>nc mass rises while the other falls, so the net loss of potential energy is 

(0.501 kg - 0.200 kg 1(9.80 m s* M 0 4Cfl m) - 1.176 J. This is the sum of the kinetic energies of the animals and is 


equal to T«t h A* • ar> d v ~ 


:tI.176 Jl 


83 m x 


10.700 kg) 

Evaluate: The mouse gains both gravitational potential energy and kitxlic energy. The rat’s gain in kinetK 
energy is less than its decrease of potential energy, and the energy difference is transferred to the mouse. 

7.59. (a) IDEMIEV and SET UP: Apply Iv<|.(T.T| to the motion of the potato 

Let poent 1 be where the potato is released and poent 2 be at the lowest point in its motion, as shown in 
Figure 7.59a. 


PI 


i-o 


2.MI m 


v, = 2.50 m 

v 3 = 0 

The tension in the stnng is at all poents in 
the motion perpendicular to the 
displacement, so W 3 - 0 
Tlie only force that does work cm the 
potato is gravity, so H'. - 0 . 


Figure 7.59a 
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Execute: A',= 0. K 2 = £niv$ f =*»£>*„ U 2 =0 
Thus U. = A'>. 


Win , - T*WV; 


v, => yjigyi = ^2(9.80 nVs\K2.S0 ml = 7.00 m*s 

EVALUATE: v t is th: wmc a* if the potato fell through 2.50 m. 

(to) IDENTIFY: Apply yF - rna to tlx potato. The potato moves in an an: of a circle so it* acceleration i* a ^ 
where a tU - v* l R and is directed toward the center of the circle. Solve for one of th: force*, the tension T in th: 
<tnng. 

SET l P: The free*body diagram for the potato a* it swings through it* lowest point is given in Figure 7.59b. 


J 


I"- 


Tlie acceleration d tm . i* directed in toward 
the center of the circular pith, so at thi* 
pixnt it is upward. 


Figure 7.59b 

Execute: *ma, 

T-mgmma^ 

T - mfg -f a tJ ) - ;»i| £ + — wbac tlie radius R for the circular nxition is the kngth /. of the string. 

It « instructive to use the algebraic expression for »\ fttxn part (a) rather titan just putting in the numerical value 

V, - ” •'? ■ 2 ?'- 

rheo T - mj g * — | - mj y - -1—1 j - 3uig: the tension at thB point is three tone' the weight of the potato. 


T = 3uig = 3(0.1 no kg)(9.80 m.'s’(= 2.94 N 

EVALUATE: The tension is greater thin the weight; the accclcratxm is upward so the net force must be upward. 
7.60. I DEV T1FV: Eq.(7.14 ) say^s W M - A\ * 6’* - (A', +b\). is the work dooc on th: baseball by the force 

exerted by the air. 

SET LP: V - mgy . K - f m»‘. where !* = v] -f vj. 

EXECUTE: (u) The change in total energy is the work done by* the air. 

H :- a <*. *u,)-(k, +1/,)—^ 

W^, =<0.145 kg|((l/2[<18.6 m ')’ -(50.0 nv') 1 -(40.0 tns»']-(9.MI m , ' , )(53.6 m>). 

- -80.0 1. 

<b» Similarly. =(K l +U l )-(K, •* L \). 

=<0145 kg)((l/2)[(ll.9 in*) 1 * (-28.7 ms> ; - (1 8.0 m'l’J-(9.80 m l , s*)(S5.6 ml) . 

= - 3131 . 

<c) Tlie ball is moving slower on the way down, and docs not go a* far (in the A-direction). arc! so the work done by 
the air is snullcr in magnitude. 

Evaluate: The initial kinetic energy of the baseball is £(0.145 kg X. 50.0 m s) : - 181 J . For the total motion 
from the gnxind. up to the maximum bright, and back down the total wx>ck dceie by the air is 111 J. The ball 
returns to the ground with 181 J -111 J - 70 J of kinetic energy and a speed of 51 mi's, less than its initial speed of 
50 m/s. 
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7.61. 


7.62. 


7.63. 


IDENTIFY and SET t:P: There are two situations to compare: stepping »>1Ta platform and sliding down a pole. 
Apply the work*energy theorem to each. 

(a) EXECUTE: Speed at ground it steps off platform at height h 
K>+Ut + 9r« m mK 1 +U> 
i*gk - r mx i' *° 

Motion from top to bottom of pole: (take y - 0 at bottom I 

Use v! - 2gh and gel mgd - fd - mgh 

fd -Mg\d - h) 

f = t*g(d - h)td a m g( 1 - hfd) 

Evaluate: Tor h - d this gives / - 0 AS it should (friction has no effect). 

For 6-0. v% = 0 (no motion). The equation for /gives / - mg in this special cate. When / - mg the forces on 
him cancel and h: doesn’t accelerate down the pole, which agrees with \\ = 0 . 

<b> Execute: / - mg(\-hfd) = (75 kgM9.S0 m s'XI -l.o m2.5 m)- 441 N\ 

(c) Take y - 0 at bottom of pole, so \\ - d and y\ - y 


+ + +L r a 

0 r mgd - /(d - y) = $«v J + 

y^df-rt-ZW-r) 

Using / = «g(l-6/d) gives imr* - mg(d-y)-r»ig(l -6.'dXd-y) 

* - mjr(6d Xd - y) and r - ^{2yM\ - .v/d) 

Evaluate: This gives the correct results for y - 0 and for y - d. 

IDENTITY: Apply Eq.(7.14) to each stage of the motion. 

SET UP: Let y -Oat the bottom of the slope. In part la). W A%m is the work done by friction. In part (b), IF ^ is 
the work done by friction and th: air resistance force. In pari (c). is the work done by the force exerted by the 
snowdrift. 

EXECUTE: la) The skier’s kinetic energy at the bottom can be found from the potential energy at the top nunin 
the work done by friction, A, = mgk - W, = (60.0 kg K9.8 N kgX65.0 m>- 10.500 J. or 

K - 3S.2001 -10.500 J - 27.720 J . Then v. = - P 1 J? . £ 2011 - 30.4 mi . 

\ m 60 kg 

<b> AT, = K t ■*»'.,) = 27.720 J - Ip^gd . fj\. K. = 27.720 J -[(0.2KSSK NHH2 m) + (l60 N»S2 m)jor 


K = 27.720 J - 22.763 J = 4457 J . Then, v. - ,- 


2K 12(4957 J1 


i 2.9 in n 


60 kg 

(c> U« lhe Wock-EncTgy Theorem (o find Ihe force. If - AA\ F - Kd =14957 J|/(2.5 ml - 2000 N . 
Evaluate: In ca:h ease. is negative and removes mechanical energy from the system. 

Identity and SET IP: First apply £ F - md to the skier. 

f ind the angle a where the normal force fceconxs /cn>. in terms of the speed x^ at this point. Then apply the 
week energy theorem to the motion of the skier to obtain another equation that relates »•: and a. Solve these two 
equations for a. 


Let point 2 be where the skier loses contact 
with th: snowball, as sketched in Figure 7.63a 
Loses contact implies rr —» 0. 
v. - /?. v* - /?cos a 



Figure 7.63 a 
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7.64. 


7.65. 


First. analyze the forces an the skier when she is at point 2. The tree-body diagram is given in Figure 7.63b. lor 
this use coordinates that are in the tangential and radial directions. The skier moves in an arc of a circle, so her 
acceleration is a . - t" H. directed in towards the center of th: snowball. 


Execute: - ma 

mgca%a - n 

[kit ;j - 0 so mg cos a - n\ vj / R 
vf - Rv ccts tt 


a 



Fisorc 7i3b 


Now use conscrvaticei ot energy to get amt her equation relating v, 

K^U % ^W m = +1/, 

Tlie only force that does work on the skieT is grav ity, so - 0. 

A',=(X K 3 » yim’J 

U t - mgy\ - mgR. L\ = mgi\ - mgRcosa 
Then mgR *f mgRcatti 

- 2 g/?(l -cos a) 

C ombine this w ith the ^F - ma equation: 

A^coiff - 2 gi?(l - coxa) 
coxa - 2-2 cos a 

3co *a - 2 so cos a = 2/3 and a = 4K2 : 

EVALUATE: She speeds up and her increases as she loses gravitational potential energy. She loses contact 
when she is going so fast that the radially inward component of her weight isn’t large enough to keep her in the 
circular path. Note that a where she loses contact daes mx depend on her mass or on th: radius of the snowball. 
IDENTIFY: Use conservation of energy to relate the speed at the lowest point to th: speed at th: highest point 
Use y / - ma to calculate the tensxnv 

SET IP: The rock has acceleration a tU - v* t R . directed toward the center of the circle. 

EXECUTE: If the speed of the nxk at th: top is v,. then conservation of energy gives the speed \\ at the bottom 
from t aj v£ - T wv ‘ -t m$(2/?l. R being the radius of th: circle, and so - i, J -t 4gR . The tension at th: top and 

bottom are found from T t + mg - 1 and T u - mg - —L .so T % -T x - —(»•>* - 1 + 2uig - 6 mg •= 6w. 

R R R 

Evaluate: The tensors T x and 7; depend on the speed of the rock and on R. but th: difference T^-T is 
independent of the speed of the rock and the radius of the circV: 

IDLMUT andStr t P: 



(a) Apply conservation of energy to the motion from B to C: 

K k +U M f = AT, +{/<*. The motion is described in Figure 7.65. 

Execute: The only force that does work on the package during thrs part of the motion is friction, so 
H^ir, »/ k (ca*^r = ^mtfcosl 8IT )r = -^mgs 

***4mv£ a; =0 
U . = 0 . V c *0 
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7.66. 


7.67. 


Thus K y + W t -0 

twi’i - - 0 

'4.SO im's|'-= 0.392 

2 gs 2<9.S0 mfc J X3.00 m) 

EVALUATE: The negative frxtion week Likes away all the kinetic energy. 

(b) IDEMIFN and SET I P: Apply conservation ol*energy to the motion from <4 to li\ 

tXICt’TE! Walk It done by gravity and by (ricbon. ki l»’, w - H’,. 

K, - 0. K, -4mv; - 4(0.200 kgM4.R0 m i) ; - 2.304 l 
U, =«w, = m^ = (0.200kgX9.80nn* 1 MI.60inl = 3.136J. V t =0 
Thui (/,-»»’, 

H t =■ K t -U t - 1301 J-3.136 J - -0.S3 I 

EVALUATE: W. is negative AS expected; the friction force does relative work since it rs directed opposite to the 
di.spl&rcment. 

iDf.MITV: Apply Lq.(7.14) to the initial and final positions of the truck. 

SET IP: Let > - Oat the loudest point of the path of the truck. is the work done by friction. 
f t -/in- /i ffrjj cos p . 

EXECUTE: Denote the distance the truck motes up the rjmp by x. K x - , (/, - ;ng/. sin rs. K i - 0 . 

U l - mgxsinfi and - -j/ t mgxcc«p . Fran - <K : +L r J )-(AT, +L\). aixl solving for t. 

K x 4 mgL%\oa (%£/2 g > ♦ /.sin a 

*»£(»n // 4 //, cos//) sin// 4 >/, cos// 

EVALUATE: a increases when i,. increases and decreases when //, increases. 

F t = -ax-fix 3 , a ^ 60.0 N m and fl = 18.0 >Vm J 

(a) IDENTIFY: Use Eq.{6.7) to calcufatc H and then use H* - -AL r to identify* the potential energy function V[x). 
SET l P: h; .= 6*, - c/, « J 4i F (x) dx 

Let .Y| -0 and b\ = 0. Lrt x 3 be some arbitrary point r. so = 6 ’(.t). 


Execute: U(x) = -J V,(r) Jr - -jj-ax-px*)dx - J (ox 4 fix 2 ) dx ^ Lax 2 +L/fx. 

Evaluate: If P - 0. tl>r spring docs obey Hooke’s law. with k - a. and our result reduces to Lkt\ 
(b) iDiVlin: Apply I:q.<7.15) to the motion of the object. 

SET I P: The s)*tem at points 1 and 2 is sketched in Figure 7.67. 

. * - 0 


« -AA/VVVn 






VA'VVf 


*>- O Mim 

Figare 7.67 


AT, +{/, + = A'% 4 L\ 

The only force that docs work on tbc 
cbject is the spring force, so 8 ^ - 0 . 


Execute: K,=o f 

u t -l(x >-^ovf fi/Lv,* --<60.0 K m il 1.0) ml I-{lM)N m lil.OOm)* = 36.0J 
C/j ^ //<Tj) ^ irax; 4 f>/x! = 4(60.0 M m>0.5(0 m>*' 4 il l 8.0 N. m* X0.500 m)* - 8.25 J 
Thus 36.0 J = im/ 4825 J 


(.36.0 J -8.25 J) 


- 7.85 m s 


0.900 kg 

EVALUATE: The clastic potential energy stored in tl>: spring decreases and the kmctic energy of the ohscct increases. 
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7.68. IDK.M1FY: Apply Eq.(7.l4). is Ihc work don: by F. 

s»:r I P: W m - AX + AC*' . The distance the spring stretches is a(0 . y 2 - y, - as\nO . 

EXECUTE: "Hie force increases both the gravitational potential energy of the bkick and the potential energy of the 
spnng. If the block is moved slowly, the kinetic energy can be taken as constant. so th: work done by the force is 
the increase in potential energy. AC* - mgu sm0r -k{uO\’ . 

Evaluate: The force is kept tangent to the surface so the block will stay in contact with the surface. 

7.69. IDEVIIFY: Apply Uq<7.14) to the motion of the block 

S»:r I P: Let y - Oat the floor. Ld point 1 be th: initial positievi of the block against the compressed spring and 
let point 2 be just before the block strikes the floor. 

EXECUTE: With V, - 0. AT, - 0. K. - V,. - Ikt' * mgh . Solving for v ,. 

(IKK) NmKO.OI5 mV 


— ' 20 / 1 - 


'2(9.SO mV Ml .20 oi) - 7.01 irv» . 


(0.150 kg I 

Evaluate: The potential eixrgy stored in the spnng and the initial gravitational potential energy all go into the 
final kinetic civrgy of the block. 

7.70. IDLVIIFY: Apply I;q.<7.l4k V is the total clast*: potential energy of the two springs. 

SET I. P: Call the two points in the motion where Lq.(7.14 ) is applied A and B to avoid confusion with springs 1 
and 2. that have force constants k x and . At any paint in the motion th: distance ooc spring is stretched equals 
the distance th: other spring is compressed. Let rx be to the right. Let poem A be the initial position of the block, 
where it is released from rest, so x t4 - -tO.150 m and r%, - -4k ISO m . 

EXECUTE: (u) With no friction. - 0 . K , = 0 and 6’, - K k +U M . The maximum speed is when L\ - 0 and 
this is at x,* - x 1A - 0 . when both springs are at their mtuml length. ~k t xf A . 


- ( 0.150 m) 1 ,*»»•,= | l *ZZZZ l 0 150 ml - f :5<>0 N ? • - 0IXI N 111 (0 . l50 m) _ 5. 
\ m \ 5.00 kg 


51 nv» . 


<b) At maximum compression of spring L spring 2 has its maximum extension and i’j - 0. Therefore, at this poent 
U A - lS k . The distance spring 1 is comprevsed equals the distance spring 2 rs stretched, and vice versa: 

*n c ~‘n ■ Pen U,=U, giv« + md , ( , =-x„ =-0.150 m . The 

maximum compression of spnng 1 is 15.0 cm. 

Ev aluate: When friction is not present mechanical energy is conserved and is continually trunsfomied between 
kinetic energy of th: Mock and potential energy in the springs. If friction is present, its work removes mechanical 
energy from the system. 

7.71. iDLvntY: Apply conservation of energy to relate v and h. Apply ^ - ma to relate a and x. 

SET L P: The first condition, thit the maximum height above the release point is /i. is expressed as ±kx’ - mgh . 
The magnitude of the acccWation is largest when the spnng is compressed to a distance r. at this point the net 
upward fcece is kx - mg - ma . so the second eonditxm is expressed as x - (flft)(g ♦ si) . 

Execute: (u) Substituting the second cxpressirei into the first gives 


7*|-7-1 <g+a)‘=mgh. or * 


(b) Substituting this into the expression for .t gives x - 




EVALUATE: When a -> 0 . our results become k - —— and x = 2h . The mitial spring force is kx - mg and the 

net upward fcece approaches z^io. Hut 4 kx' - mgh and sutTicient potential energy is stored in the spring to move 
the mass to height h. 

7.72. IDLMIFY: At equilibrium the upward spring force equils the weight mg of the object. Apply conservaticci of 
energy to the motion of th: fish. 

SET tP: The distance that the mass descends equils the distance th: spring is stretched. A', - - 0 . so 

U x | gravitational! -6\<spnng) 

EXECUTE: Following the hint, the force constant k is found from mg - kd . o t k - mg .'d . W hen th: fish falls 
from rest, its gravitational potential energy decreases by mgr; thrs becomes the potential energy of the spring. 

which is * ^i<mg, d>y . Equating these. - mgr. or »• - 2d. 

2 d 
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7.73. 


7.74. 


EVALUATE: At its lowest point the fish is not in equilibrium. The upward spring f»>rce at this point is ky - 2kd . 
ind this is equal to twice the weight At this point the net force is mg. upward, and the fish has an upward 
acceleration equal to g. 

iDfAlltY: Apply Eq.(7.15) to the motion of the Mock. 

SET t P: The motion from A to H is desenbed in Figure 7.73. 



The normal force is n - mgcmO, so f t - 
> A = ft Yg = 160.0 mIsin 30.0° = 3.00 in 

Execute: Work i* done by gravity, by the spring farce, and by friction, so »', v , - H\ and V = 6’., •- 
A, -0. A, = dim; - 4(1.50 kgll7.00 m's) 1 - J6.75 i 
V, -0 

V, 1 = 0 . msi, - (1.50 kgX9.80 m l%‘ XJ.OO m)-44.1 J 

= J*\ = (A cosp»i - cosJAcosl 80' (. - -^mg cos0> 

- -I0.50H1.50 kgll9.80 ms 1 Hens30.01(6.00 ml = -38.19 J 
Thus -3S.l9i-J6.7S J-44.101 
U At = 38.19 J * 36.75 J *44.10 J - 119 J 

Evaluate: 6’^ must always be positive. Part of the energy initially stored xn the spring was taken away hv 
friction week: the rest went portly into kinetic cnrTgy and partly into an inrrease in gravitational potential energy. 
iDt-MltY: Apply Fq.<7.14) to the motion of the package. If^ — W f . the woik done by the kinetic friction 
force. 

SET l P: / k - f\n - p k mg co%0 , with 0 *53.1° . Let L - 4.00 m . the distance the package moves before 
reaching the .spring and let J he the maximum compression of the spring. Let point 1 be the initial position of the 
package, point 2 he just as xt contacts the spring, point 3 be at the maximum compression of the spring, and poem 
be the final positicoi of the package after it rebounds. 

Execute: (at A', - 0 . U 3 - 0. - -^Lca%0 . L\ - mgLunO. A\ = , where v is the speed 

before the block hits the spring. Kq.(7.141 applied to points 1 and 2. with y, - 0 . gives U, -t W A%m - Ks. Solving 
for v, 

v = ^2gKsmO-fi,at%0t - J’(9.80 m *’X4.00 mHunSJ.I , -(0.201ciM53.l c ’> - 7.30 i alt. 

(b) Apply Eq.(7.14) lo points I and J. Let y, =0. A, = A, =0. li - d)%\n0. U,-±U ! . 

= -f t (L + d). E:q.(7.14) give* mgfl. * d)stnO - filing cat0(L » d>-!.kd ‘. This can be written a.% 

-d - L - 0. The factor multiplving d‘ is 4.504 m 1 . and use of the qiudratic formula 


2 mg (sin a - /i t cos 0 1 
gives d - 1.06 m . 

(c> The eAsy thing to do here is to rccogni/c that the presence of the spring determines d. but at the end of the 
motion the spring lias no potential energy, and the distance below the storting point is determined solely by how 
much energy has been lost to friction If the block ends up a distance y below the starting point, then the block Iias 
moved a distance L -t d down the incline and L -t d - y up the incline. The magnitude of the friction force is the 
same in both directions, it^gccuO . and so the work done by frxlion is -t 2 d - y)mgcm 0 . This must hr 

equal to the chance in 'gravitational potential energy, which is -mgyrinO . liquating these and solving for v gives 


2 a cos 0 


y ~{L rd\- 

sin 0+ cotkO 

and 0 gives v - 1.32 m . 


iwi 




f».a 


. Using the valix of d found in part lb) and the given values for /i 
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EVALUATE: Our expression fay give s the reasonable remits that y - 0 when // k - 0: in the absence of friction 
the package returns to its starting point. 

7.75. (a) IDENTIFY and SET in Apply K t +U A •+ W A%m - Ky + U M to the motion from A to B. 

Execute: K a *0. 

V, -0. V,-b\ it =4*»i. where .v, =0.25 m 

Thai Ft, - 1(The work dime by F goa partly lo Ihe polcntul energy of Ihe ftrrtcbcd spring iml 

partly lo the kinct>c energy of the block.) 

Ft, = (20.0 N 1(0.25 m( = 5.0 1 ami tbj = 2440.0 N’m)(0.25 ml* = 1.25 J 


Thur 5.0 I -2imd *1.25 i and r. = 5 J> = 3.87 mi 

• * ' VO.SOOkg 

(l»l iDUmiY: Apply IIq.<7. 15) to the mi>tion of the block. Lei point C be where the block is closest to the wall 
When the bk>ck is at point C the spring is compressed an amount |v. |. so the block is 0.6() m -|a, | from the wall, 
and the distance between B and C is x k 4* |a, |. 

Set i p: The motion from A to B to C is described in Figure 7.75. 

m *t + u i 

E\E( n»:: - 0 

K, = iw.i = 5.01 -1.25 J - 3.75 J 


—A/VWMH 


i ^ 


< from part (a)) 

U, - r*«i - I 25 J 
K, -0 (instantaneously at rest at 
poant closest to wall) 


Figure 7.75 
Thus 3.75 J + 1.25 |‘ 

I r l ,JM.0.50m 

II V^O.O N.m 

The distaxxe of the block from the wall is 0.60 m - 0.50 m = 0.10 m. 

Evaluate: He work 120.0 XX0.25 m) - 5.0 J done by /* puts 5.0 i of mcctanical energy into the system No 
mechanical energy is taken away by friction, so the total energy at points B and C is 5.0 J. 

7.76. IDENTIFY: Apply Hq.<7.!4) to the motion of the student 

SET IP: Let r ( -0.18m. x t - 0.71 m . n>c spring constants (assumed identical! are then known in terms of the 
unknown weight »v. dfa, = w. Let y - Oat the initial positxm of the student. 

EXECUTE: (u) The speed of the brother at a given height h above the point of maximum compression is then 

found from —(4< >i‘ -i- — v‘-tmgfr. or v‘ ——— - 2i;A - el — - 2* j. Therefore. 

2 21 g w [t. 


v = J(9.S0 nv*')((0.7l m|'/(0.18 m) - 2(0.90 m)) -3.13 ms .or 3.1 m’s to two figures 

2^ y- 

(h) Setting v- 0 and solving for h, ft -— - 1.40 m. or 1.4 m to two figures. 

"K ^ 

(c) No; the distance x 4 will be different and the ratio — - — * ^ 


.S3m> : f. 0.53 mV .... 

--i 1 4-- will he 

I *, ) 


different 


Note that on a planet with lower g. a* ( will be sinalto and h will be larger. 

EVALUATE: Wc arc able to solve tlie problem without knowing cither the mass of the student or the force 
constant of the spring. 
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7.77. 


7.78. 


7.79. 


7.80. 


[DEM1TY: 


a. = d*x/dt* , a. = d l yidf . F, - ma t . F f *- mu, . U = JF/hf,Jr. 


sm ip: —(oww/) = -fii sinaii . —(sino^) - (ttco %ojj . [cos/xu Jr - —sir 

Ji dt 3 <Q 


nntoj di - — —coccoi f 


V 4 = dxfdt , v, = Jr/Jr. £ « K + U . 

EXECUTE: U> a. - d'.vdr = £. =I»M < - -ma£r. a t -d'yidr - £. - /mi. --ma£y 

(h) (/ = -[Jf.*♦Jf.rfy]= «<*! ♦ /> 

(c> v 4 - dx:di = -xjit, sin ay - v t - dv dt * -fy,a%co*ftV - +y # ftL(.v/io). 

(i) When .v = and y = 0, v 4 =0 and v = y,<*L. 

K - i/rtfi 5 r »J) - i«y*a£.6* - i^mrj and F.-K+U - Ifim?*+y*) 

(ii) When r =■ 0 and y - y 0 , i' t - and = 0. 

* = . V - and E - K -*U - im«; («' - yi > 

EVAUIATE: TTic total energy it the sanx at the two points in part <c); the total energy of the system is constant. 
Identity: Calculate tlie increase in kinetic energy for the car. 

Si:r tP: The car gets <0.15>l 3 x 10* J ) of energy from one gallon of £isoline. 

Execute: (u) The mechanical energy increase of the car is A>\ - AT, - +<1500 kgl<37 m sl : =1.027 x ICf* J. Let 
a be the number of gallons of gasoline consumed. a( 1J x 10* J 80 15 > = 1.027 x!0* J and a - 0.053 gallons . 

(b) (LOO gallons)/a = 19 accelerations 

EVALUATE: The time rn cr which th: iixrease in velocity occurs doesn't enter into the calculation. 

IDENTITY: V - mgh . Use h - 150 m for all the water that passes through the dam 
SET up: m - fN ami V - AAA is th: volume of water in a height Ah of water in the lake. 

EXEC UTE: (u> Stored energy - /wgh = (pl')gh - pA{ 1 ml#* . 

stored energy - (HXK) k&m‘K3.0x 10* m J )(l m)<9.8 nVs*)(l50 ml ^ 4.4x I0 ,J J. 

(b) 90% of the stored energy is coaverted to electrical energy, so <0.90K/wgh) - 1IXK) kWh . 

(0.90)plgh - 1000kWh. I*.. 10001tWhW3600; '» 1,1 h » -Z7x.0> m *. 

<0.9081000 kg m‘8150 mX9.S mV) 


r 2.7x10* m 


C hang: in level ot the lake: AAJ - I Aft- — 


-9.0x10 4 m. 


A 3.0x10* m 

EVALUATE: Ah ts much less than 150 m. so using h - 150 m for all th: water that passed through the dam was a 
very good approximation. 

IDENTITY and SET up: The potential energy of a hon/ontal layer of thickness dy\ area A % and height v is 
dU = {dm \gy . Let p he the density of water. 

Execute: dm -p dr = pA rfr. so dU = pAgy dy. 

The tixal potential energy U is 
V = f*dU - pAg\‘y dy = '-pAgh 1 . 

A - 3.0» 10‘ m ; uni A -150 m. w V -3.3-10" i-9.2«IO : kWh 

EVALUATE: The v olunx isy4A and the mass of water is pV - pAh. The average depth is so 

U-mgh". 


fV i?U rX r 

Identity: Apply F k = - —-. and F 4 =--r- 

dx tS' ft 


Set up: r = (x* + v* +r*V : 


xHlO 


cWr\ 


is+7r' <y <**+>r * 




•<lrt 

ft 






7.81. 
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7.8 2. 


7M. 


EXECUTE: (a> U(t)~ - - F ‘ 

' a 


«l'r) I 




I TPTTTFf 


— . Similarly. 


F =- 


Bw . _ Gm/n,z 

—riniF- -_ T _ T ___ 


•*' 'V *: 


(b) /=>- 

Gm,m. 


Grnni j Gm,m l y Gmm,: 

-. r = --and r = - 


■ 


f^f^f^f;-'^J 77777J±p.. 

(c) /’ . F x and F are ixgativc. /* - ax . F - av and f - a: . where a is a constant. so F and the vector t from 

m x to m. arc in the umc directum. Therefore, F is directed toward iR, at the origin and F i.i attractive. 

Evaluate: When m : moves to larger r. the work done on it by the attractive gravity force is negative. Since 

W - -A V . negative work done by gravity means the gravitational potential energy increases. 

U{r) = --- docs increase (becomes less negative) as /• increases. Tor an object near the surface of the earth. 

r 

U(r) - --- will he shown in Chapter 12 to be equivalent to IS = mgy . 

r 

Identify: Calculate the work IE done by this force. If the force is conservative. the work is path independent 
Setup: h = J ’/* di. 

Execute: (a) W - j ’ F % dy . IE doesn’t depend on x y so it is the umc for all paths between /[ and 

P 2 . The force is conservative. 

(b) W = J ‘ Fdx - cj v : dx . IE will be different for paths betw een points and P, for which v has ditVcrent 
values. For example, ify lias the constant value y v along the path, then If’ - Cy 4 (r } - .r,). W depends on the value 
of y t . Tlx force is not conservative. 

EVALUATE: F • Cv" j has the potential energy function C/(y) = - i-j— W'c canrxit find a potential energy 

function for / - Cv'i . 

F = -axy' j. rr = 2.50 Nm 1 

I DEN 11FY: F is not constant so use Eq.{6.14) to calculate IE. F must be evaluated along the path. 

(a) SET I P: The path is sketched in Figure 7.83a. 


K- 

Figure 7.83u 


d - dxi -t dyj 
F dl = -axy* dy 

On the path, x = v so F i// =-ar* dy 


Exec in: 


ll -j F dl (-oy*) A- - -(ct / 4)| v'| 4K vj - y ‘) 


>-, = 0. y, - J.OO m. to H' - -i(2.50 N In 1 )(3.00 m>* = -50.6 1 
(h> SET UP: The path is sketched in Figure 7.83b. 



Figure 7.83b 

I cir the displacement from point 1 to point 2. dl - dxi, so F dl - 0 and W = 0. (The force is prrpendicular 
the dispSKcmcot at each point alone the path, so IE - 0.) 
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Far the displacement from point 2 to point 3. ill - dyj. to f til - -an' dy. <>n this path, i - 3.00 m. so 

t' tit = -12.50 N'm'KJ.OO m)>-' dy - -<7.50 Nta*)/ dy. 

Execute: W -j ' y dl =-(7-S0N/m , >J V dy = -<7.50 N m ; i J(i‘i - >!> 

W - -<7.50 N.'m- »(4)<3.0O m)' = -67.5 J 

(c) EVALUATE: Fee these two paths between the unic starting and ending paints the wnrk it different. so the 
force is nonccviscrYative. 

7.84. IDENTIFY: Use W - F dl to calculate W for each segment of the path. 

SET If: P-dt - Fdx - axy dx 

Extent (a» The path is sketched xn Figure 7.84. 

< l> > < 1): x - 0 a king this leg. so F - 0 and H r - 0. (2): Along this leg. y - 1 .50 m .to F d1 - (3.00 N/m)ft£v, 
and H * = (1.50 N/m)((l SO my -0) - 3.38 J (3) P df =0. so W «0 (4) y »0, so P = 0 and If a0. The work 
dooe in moving around the closed path « 3.3S J. 

(c) The week done xn moving arouml a closed path is not zero, and the force is not conservative. 

EVALUATE: There is no potential energy function for this force. 



4 

Figure 7.84 


7.85. I den I1FN: Use Eq.(7.16) to relate F t and U(x ). The cquilrtuium is stahk: where U(x) is a local minimum and 
the equilibrium is unstable where U(x) is a local maximum. 

SEE IP: The maximum and minimum valurs of.v are those for which L f (j) - E . K - E-U . so the maximum 
speed is where U is a minimum 

EXECUTE: (a) For the given proposed potential U{x) % - —— -£t + F . so this is a possible potential function. 

i dx 

For this potcntul. 1/(0) - -F*/2k . not zero. Setting the zero of potential is equivalent to adding a constant to the 
potential; any additive constant will not change the derivative, and will correspond to the sanv: force. 

(b) At equilibrium, the fcccc is zero; sohing -kx -t F - 0 for x gives x t = F:k . (/(*,) = —F 2 tk . and this is a 
minimum of V. and bcncc a stable point. 

(c) The graph is given in Figure 7.85. 

(d) No; F im = 0 at only one point, and this is a stable poant. 

(e) The extreme values of.v correspond to zero velocity, hence zero kinetic energy, so L r (r t ) - E . where x % are 
the extreme points of the motion Rather than solve a quadratic, note I Kit it(x - F/k)‘ - F’lk. so VI i, | - F. 

becomes iifx. --V-F 0 /*-—. -- = 12 -. sox. x. — 

2 l k I t k t k k 

(0 The maximum kirctic energy occurs when U(x) is a minimum, the point - Ffk found in port |b>. At this 
point A! - E-L' - (F’lk} ~(-F s /k) - 2F : ik .so r = 2f/ s/ini . 
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7.86. 


7.87. 


Evaluate: As E increase*, the magnitudes of .r. and x increase. The particle cannot reach value* of* for 
which E < L'(x) because AT cannot be rcgativc. 

V 



Figure 7.85 


IDENTIFY: Use Eq.(7.16) to relate /’ and U(x ). The equilibrium is slabV: wh^c U(x) is a local minimum and 
the equilibrium is unstable where V(x) is a local maximum. 

SET I. P: dUidx is th: skip: of the graph of V versus x. K - E -6’ . so K is a maximum when U is a minimum 
The maximum x i* where E - 6’. 

Execute: (u) The slope of the U vs. x curv e is negative at point A. so f is positive (Eq. (7.16)). 

(b) The slope of the curve at poant B is positive, so the force is negative. 

(c) The kinetic energy r* a maximum when the potential energy is a minimum, and that figures to be at around 0.75 m 

(d) The curve at point C looks pretty close to flat, so the force is zero. 

(c) The object had zero kinetic energy at point A. anti xn order to reach a point with more potential energy than 
U( A) . the kirclic energy woukl need to be nejyitivc. Kinetic ciXTgy is never negative, so the object can never be at 
any point where the potential energy is larger than U(A ). On the graph, that kioks to he at about 22 m. 

(0 The point of minimum potential l found in part (c)) is a stable point, as is the relative minimum txar 1.9 m. 

(g) The only potential maximum, and hence the only point of unstable equilibrium, is at point C. 

Evaluate: If E is less than V at point C tbc particle is trapped in one or the other of the potential ' wells" and 
cannot move from one allowed region of x to the other. 

IDENTIFY: K = E-V determines »<*). 

SET l. P: v is a maximum when U is a minimum and v is a minimum when U is a maximum F t - —dUidx. The 
extreme values of a* are where E = U(x ). 


Execute: 


j) riimimtmg fi in favor of a and x^ifi -a/c,). 

n i f* %i 

P _ « x “ _ 

r "7'77~v"' 


U(.x, 



L'(.*<,) -1 — - |(l - 1) - 0 . v (.r | is positive tor x < j, and negative tor x> x v ( a and /> must he taken as 
positive). The graph of 6'(r) rs sketched in figure 7.87a. 


(b> xU\ 




The proton moves in the positive .r-direction. speeding up until it 


reaches a maximum speed (see part (c)). and then slows down, although it never stops. The minus sign in the 
square root in the expression for ifx) indicates that th: particle will be found only in the regxm where V <0. that 
is. x > x t . The graph of v(.v) is sketched in figure 7.S7b. 

(c) The maximum speed corresponds to the maximum kinetic energy, and hence th: minimum potential energy. 


This mini mum occurs when 




iV a 


which has the solution x - It,. Vilx^) - .so v- ' “ 

"2vn 


- I). or-v 

dx x * 

a 

47 


- 215.1 


(d) The maximum speed occurs at a point where -0. and from Eq. (7.15). the force at this punt is zero. 
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<€>*,-3*,, and M3*,) 


The particle is confined to the region where 6 f < x) < U(x t ). The maximum speed still occurs at x 
the particle will oscillate between x, and some minimum value (see part (()). 

(0 Note that U(x)-U{x t ) can be written a% 


which is zero land herxe the kinetic energy is zero) at x - 3 a*, - x and x - . Thus, when the particle ix 

released from x il% it go» cm to infinity, and doesn't reach any maximum distance. When released from x,. it 
oseilhtes between ^rtei 3x,. 

EVALUATE: In each case the proton ix released from rest and E - 6 f (x ( >. where x, ix the point where it is 
released When x, - x, the total erxrgy is zero. When x, - x, the total energy is negative. t/(x) -> 0 as x -> 
for this ease the proton can't reach x -* x and the maximum x it can have ix limited. 


Figure 7.87 




Momentum. Impulse, and Collisions 



1. IDENTIFY and SET up: p-mv. K ->i ; . 

Execute: on /> = (10.000 kgX110nVi)-l.20x 10' kg-mb 

WW l ‘;' 1-20 2000 kg ^ sM ’° m '' ' < " > ^" ,V; 

v- - GIv - J lftO0k8 (IZ.Q mb)-26.8 mb 

\ 2000 kg 

EVALUATE: The SUV must have lets speed to have the unit' kinetic energy at the truck thin to have the sumc 
monxntum as the truck. 

2. IDENTIFY: E.varr^ilc 8.1 shmw that the two iceboats have the some kinetic energy at the fuuth line. A - imv 
p - my . 

SET Up: Let A be the iceboat with mass m and let B be the Kebixit with mast 2m. to m v - 2m t . 


Execute: K a - K, gives ^mv] -4«*i. v, = J^ v * ~ • 


P- -™.‘V P* = *1 a <2m A )( v, / yf2 ) = Jim ,v, -Sip,. 

Evaluate: The more massive boat mutt have levs speed but greater nxinxntum than the other boat in order to 
have the sane kinetic energy. 

3. Identify and Set Up: p = mv. K - ^mv 1 . 

/ \2 J 

Execute: (u> v- — and K -->n[ —I - — 

«i \m ) 2m 

<b) K - A \ and the result from part <a> irives —:- - — p. - J—A - . 1 '* *' ■ — ;> - 1 90i> . "Hie baseball 

2^j. 2m,. y m. \0.IXI0kg 

hat the greater magnitud: of momentum. p K / p % - 0.526 . 

(c) p - 2mA to />• - Pm. gives 2m m K m - 2m. a A^ . *-tng . so w;.A'. — . 

The woman has greater kirelic energy. A^ t A s - 0.641. 

EVALUATE: I : or equal kinetic energy, the more massive object has the greater momentum. Lor equal momrnta. 
the less massive object hat the greater kinetic energy. 

4. IDENTIFY: Each momentum component it the mast times the corresponding velocity component. 

SET UP: Let *.v he along the horizontal motion of the shotput. Let »i he vertically upward. \\ - veexf#, 
v. - vxin#. 

EXECUTE: The horizontal component of the initial momentum is 

p t am* -M1COS0- 17.30 kg It 15.0 m s)cos 40.0°-83.9 kg ms . 

The vertical component of the initial momentum is p t -im*, -/msin0-(7J0kg)<15.0 m' , s)sin40.0 c '- 70.4 kg ms 


Kv .via .\TL: The initial momentum is directed at 


iho\ c the hiin/.oiaal. 
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8.5. 


8 . 6 . 


8 . 8 . 


8.9. 


IDENTIFY: Foe each object, p - my and K - -wv'. The total momentum is the vector sum of the momenta of* 
each object. The total kinetic energy is the scalar sum of tlx kinetic energies of each object. 

SET UP: Let object A be the 110 kg lineman and object B the 125 kg lineman. Let *.y be the object to the rich*, so 
v M - +2.75 m s and - -2.60 m s . 

Execute: (u> f am 4 v* + = 010 kg*2.75 mb)+(125 kgK-260 mfc) = -22.5 kg ms. The net 

momentum has magnitude 22.5 kg • m’s and is directed lo the left. 

(ID K M 4n ,y. , 4«,v; = 4(1 lo kgH2.75 m n)' -*4(125 kgX2.60 m'%y - 838 I 

Evaluate: The kinetic energy of an object is a scalar and is never negative. It depends only on the magnitude of 
the velocity of the object, not on its dircclton. The momentum of an cbjcct is a vector and has both magnitude and 
direction. When two objects are in motaon. their total kinetic energy is greater than the kinclic energy of either one. 
Hut if they arc moving in opposite directions, the net momentum of the system has a smaller magnitude than tlx 
magnitude of the momentum of either object. 

Identify : For each object p - mv and tlx net momentum of the system w P ~ P, ♦* P.- • The momentum 
vectors are added by adding components. The magnitude and direction of the net monxntum is calculated from its 
v and y components* 

SET Up: Let object A be the pickup and object B he the sedan v* - -14.0 ms, v At - 0 . v Ai - 0. \\ - *23.0 m s . 
Execute: (u) P a =p Al +p to +«*»* =<2500kg)(-14.0mfc)+0»-3.50x10 4 kg ms 
P, “ Pi, + p+ - w t v Af + - (1500 kgX+23.0 mi) - *3.45 x 10 4 kg • ms 

<lty P - JP' * P - 4.91 x 10 4 k« • mS . From Figure 8.6. tan 0 - Hi! - —- 1 ‘ * and 0 - 45.4 a . He txt 

v If I 3.45x10 kg m'i 

monxntum has magnitude 4.91 x 10 4 kg • nv’s an:! is directed at 45.4^ west of north. 

Evaluate: The momenta of tlx two objects must he added as vectors. T3x momentum of one object is west and 
tlx other is north. The momenta of tlx two objects are nearly equal in magnitude, so the net momentum is directed 
approximately midway between west and north. 





Figure 8.6 


IDFAIIFY: Tlx average force on an object and the object’s change in momentum are related by Lq. 8.9. The 
weight of the hall is w - mg . 

SET Up: Let *.v h: in the direction of the final velocity of tlx hall, so v l4 - 0 and = 25.0 ms . 


EXEClfTE: 


' r .. •> Igive* (I - ,.). 

Is "l( 


(0.0450 kgM25.l) nvt) cx , ,, 

2.00.10 1 s 


i. - (0.0450 kg >(9.50 m'( | = 0.441 N . The force exerted by the club is much greater than the weight of the ball, 
so the effect of the weight of the ball during the time of contact is not significant. 

EVALUATE: Forces exerted during collisions typically are very large but act for a short time. 

IDENTIFY: Tlx change in momentum, the impulse and the average force arc related by Lq. 8.9. 

SET UP: Let the direction in which the batted Kill is traveling be the .x direction, so \\ t — -45.0 m's and 


v\ f - 55.0 m s. 

Execute: (u) - p it - p u = iw(v lj - v it ) - |0.145 kg|<55.0 m s -(-45.0 m s|j - 14.5 kg m s . J -&p . so 

./ - 14.5 kg ins. Both the change in momentum and the impulse have magnitude 14.5 kg* m's . 


(H> ( F,,. ^L- 14 5 kgm *-7250N. 

' • At 2 00.10 '* 

Evaluate: The force is ill tlx direction of the momentum change. 

IDFAIIFY: Use Eq. S.9. We know the intial monxntum and the imp] us; so can solve fee tlx final momentum arxl 
then the final velocity. 
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8 . 10 . 


8 . 11 . 


8.1L 


8.13. 


SKI Up: Take the .v-xus to be toward the right***> v u — +3.00 m/s. Use Eq. 8.5 to calculate the impulse, since 
the force is constant. 

Execute: (u> J, = p it - p u 

J - F (t : -t t ) = (+25.0 N*0.050 s)« + 1.25 kg m s 
Thus p it = -/«+/> u =+l-2S kg - ms r (0.160 kg 8*3.00 m's)- + 1.73 kg m's 

ij 4 - — —— ' '' - + 10.8 kg m s (to the right) 

m 0.160 kg 

<H) J - F {t l -/,) = (-12.0 NH0.050 s) - -0.600 kg m s (negative since focre is to left! 

P.. + = -0.600 kg• mi's+(0.160 kg)(*3.0(> m’s)- -0.120 kg*nvs 


/>%. -0.120 kg m's 
~ 0.160 kg 


- 0.75 ms (to the kft) 


EVALUATE: In put (a I the impulse and initial momentum an: in the sanx direction are! v t increases. In port fb| tlx 
impulse and initial momentuni are in opposite directions and tlx velocity decreases. 
lut.Min: Hie impulse, change in monxntum and change in velocity arc related by Eq. 8.9. 

SET UP: F = 26.700 N and F - 0. The force is constant, so (F # ) = F . 

Execute: ho J, -■ F.si -(26.700 N)(3.90 *) = 1.04-10’ N s . 


<b> &p. ^J, -1.04-10' k« m^t. 


(c) Asp - wAv . Ai ( 


I.Q4» 10* fcg -m'* _ i <|^ m j 
95.000 kg 


(d) The initial velocity of the shuttle isn’t known The change in kinetic energy is A K - K : - AT, - v? - v(). It 
depends on tlx initial and final speeds and isn’t determined solely by the change in speed. 

Evaluate: The force in the h' direction produces an increase of the velocity in the *y direction. 

IDEA HEY: The force is not constant so / - [ FJt . The impulse is related to the change in velocity by Lq. 8.9. 


See Up: Only the x component of the force is nonzero, so J K - j F t di is the only nonzero component of J 


Execute: „m»£- 7SI ~ 5 N - 500 N*. 

/• (1.25 7? 

(h| J - j At‘d! 4(500 Nfc ! )(|3.50 1]' -[2.00 sf) = 5.81x10* N % . 

J 5.81*10* N-s 


«> - 


2 . >0 m's . Ihe x component of the velocity ot the rocket increases by 


2150 kg 

2.70 m’s. 

EVALUATE: The chinge in velocity is in the sanx direction as the impulse, which in turn is in the direction of tlx ixt 
fexve. In this problem the net force equals tlx leave applxd by the engine, since that is the ccily foeve on the nxkct. 
IDENTIFY: Apply Eq. 8.9 to relate the change xn momentum of the momentum to the components of the average 
force on it. 

SET UP: Let «Y be to the right and +y be inward. 

EXECUTE: <a> J . -Ap t -nv^ -im^ = (0.145 kg)H65.0msIcos30 c '-50.0 ms)- —15.4 kg m’s . 

J, -Ap, = am, -«v lt -(0.145 kg)[650 m's|sin30"-0)-4.71 kg-ms 
Tlx horizontal conmoncnt is 15.4 k« • m's , to the left and the vertical component is 4.71 kg- in s. upward. 


w#r ~ tt 


J t -15.4 kg m's 


- -8800 N . t - 


4.71 kg m’s 


- 2690 N 


1.75x10 s ~ Af 1.75x10 s 

Tlx honzontal component is 8800 N. to the left, and the vertical component is 2690 N. upward. 

EVALUATE: The bull gains mccncntum to the left and upward and the force components are in these directions. 
IDEA hey: The force is constant during the 1.0 ms interv al that it acls. so J - FAt. J = p. — />, = — »',). 

SET UP: Let *.v he to the right so v u - +5.00 mS . Only the x component of J is nonzero, and 

A = «(v i .-v u >- 
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Execute: (u)Thc magnitude of the impulse is J - Fbi -(2.50x 10’ N# 1.00x10 4 s)- 2.50 Ns. Tlx direction 
of the impulse is the direction of the force. 

5.00 in's - 6.25 mi's . The stone’s velocity has maun it ode 


W (■) v it - — + *\ a - * ^2.50 N -s. i. 


2 .CO kg 

6.25 m s and is directed to the right, (iil Now J A - -2.50 N s and ^ ^ + 5.00 mS - 3.75 m s. The 

stone’s velocity has magnitude 3.75 m»'s and is directed to the right. 

EVALUATE: When the force and initial velocity are in the same direction the speed increases and when they 1 are 
in opposite directions the speed dxreascs. 

8.14. IDENTIFY: Apply conservation of momentum to the system of the astronaut and tool. 

SET UP: Let A be the astronaut and H be the tool Let r be the direction in which she throws the tool, so 
v W( = *3.20 m's . Assume she is initially at rest, so v Ilt *v MU - 0 . Solve for i' (Jl . 

Execute: P„ = P,.. /*. =«,»«. r *,»■„. “0. /?. = m.v.!. * =<• "ml 

™.v„. (2.25 li)H520 mi) 


! .s - ~ 


- -0.105 m/s 1 ler speed is 0.105 m s and she mov es opposite to the 


68.5 kg 

direction in which she throws the tool. 

EVALUATE: Her mass is much larger than that of the tool so to have the same migmtodc of momentum as the 
tool her speed is much less. 

8.15. iDfXTlfY: Since drag ctTccts arc neglected tliere is no net cxtcmil face on the system of squxl plus expelled 
water and the total momentum of the system is conserv ed. Since tlx squid is initially at rest, with the water in its 
cavity, the initial monxntum of the system is zero. Tor each object. A' - im»*‘ . 

SET Up: Let A be the squid and li be the water it expels, so m A - 6.50 kg -1.75 kg - 4.75 kg . Let ♦* be the 
direetion m which the water is expelfcd. v tll - -2.50 m's . Solve for . 

Execute: (.» if, -0. P u - *> 0- r; ..». - -22*. - -' 4 - 7S fc f*~| S0 = *6.79 mfc . 

m A l./a&g 

(b) K, - A„ + A„ =-«,!•;,-^(4.75 kgK2.50 »'*>* + 4(1.75 kgX6.79 mil’ =55.2 I The initial kinclic 
energy is zero, so th: kinetic energy produced is K : . - 55.2 J . 

EVALUATE: The two objects end up with momenta thit are equal in magnitude and opposite in direction, so the 
total momentum of the system remuns zero. The kinctx energy is ereated by the work doex hv the squxl as it 
expels the water. 

8.16 IDENTIFY: Apply conservatKin of momentum to the system of you and the ball. In part (a) both objects have the 
same final velocity. 

SET UP: Let ♦ .y be in the direction the ball is traveling initially. m A - 0.400 kg tball). - 70.0 kg (you). 
Execute: <u) P u ^ P u gives 10.400 kgXlO.O m's). 10.400 kg-f 70.0 kg)i, and v\ - 0.0568 m's . 

(b) P la *P u gives (0.400 kgXlO.O m's)^ (0.400 kgK-K.OO m's)* (700 kg)i* J2 and v M1 =0.103 m's. 

EVALUATE: When the ball bounces off it lias a greater change in momentum and you acquire a greater final speed 

8.17. IDIAIIFY: Apply conservatKin of momentum to the system of the two pucks. 

SET UP: Let *.y be to the right. 

Execute: (u> /». - P u says (0.250K, ^ (0.250 kgM-O.120 ms) ♦ (0.350 kgX0.650 m s) and v,, ^ 0.790 m's . 
<b> A, - 4(0.250 kgX0.790 m*)' - 0.0780 ) . 

A. - 1(0.250 kgK0.l20 ml) ; .4(0.350 kgXO.650 ml) 1 - 0.0757 I and AA - A, - A - -0.0023 J . 

Evaluate: The total momentum of tlx system is conserved but the total kinetic energy decreases. 

8.18. IDENTITY: Since road friction is neglected, there is no net external force on the system of the two ears and tlx 

total m oment u m of the system is conserved. Few each object. K - . 

SET UP: Let A be the 1750 kg ear and B be the 1450 kg car. Let *x be to the right, so v lf - +1.50 m's f 
>Vi 4 * -1.10 m's. and v g2t - *0.250 m s . Solve for »•*>,. 


EXECUTE: (u) If. - r, m t v A . * - m.v^ + . i 


3 . 


II 


1 ~ 


(1750 kgKL50 m's)* (1450 kg*-1.10m's)-(1750 kgX0.25O m st 


-0.409 m's. 


1450 kg 

After the collision the lighter ear is moving to tlx right with a speed of 0.409 m's. 
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<b) A - - 4-(17SO kgXl.50 m.'s)’ .4(1450 kg* 1.10m'i) ; - 2S461. 

A, -4»i,io ’im.ii, =4(1750 kgll0.250 m*)’ 1(1450 kgXO.409 nv«> ; - 176 J 
The change in kinetic energy it AA' = A\ - A', = 176 J - 2846 J - -2670 J . 

EVALUATE: The total momentum of tlx system is constant because there is no net external force during tlx 
collision. The kitxlic energy of the system &: reuse* because of negative work done hy the forces the cars exert on 
each other during the collisicei. 

8.19. IDEYIITA: Since the rifle is loosely held there is no net external force on the system consisting of the rifle, bullet 
and propellant gases and the momentum of this system rs conserved. Bcfcee the rifle is fired ev erything in the 
system is at rest and the initial momentum of the system is zero. 

SET UP: Let ♦ x be in the direction of the bullet's motion. The bullet his speed 601 in s -1.85 m s - 599 in s 
relative to the earth. P it - p u + -f p t ,. the momenta of the rifle, bullet and gases. v n = -1 £5 m's and 
v h - -f599 ms. 

E\>:« til: />,. = /». -0 p_ + />„ + p„ = 0. P> . = - p u - -(2.80 kgX-1.85 mi)-(0.00720 k S HS99 mi> 

and /.» -+5.18 kg • m's - 4.31 kg • m's - 0.87 kg m's. The propcILint gases have momentum 0.87 kg• m's . in the 
same direction as the bullet is traveling. 

Evaluate: The magnitude of the momentum of the recoiling rifle equals the magnitude of the momentum of the 
bullet plus that of the gases as both exit the muzzle. 

8.20. IDI.MIEV: In part (a) n»> horizontal force implies P t is constant. In part tb) use tlx energy expression. Eq. 7.14. 
to find the potential erxrgy intially in the spring. 

SET UP: Initially both blocks an: at rest. 


II - 0 I ‘«t - " 




m 






n - 1.20 mb 


Figure 8J0 

Execute: (■> «,>•„. * 


<2« 


Ui 


TOO kg 


(r 1.20 mb) - -3.60 ms 
tf. 


00 kg 

Block A has a final speed of 3.60 m's. and moves off xn the opposite direction 
(b) Use energy conservation: AT, r - AT. ■+1/ 3 . 

Only tlx spring force docs week so - 0 and U - V 4 . 

A'. - 0 (the blocks initially are at rest) 

U% - 0 (no potential energy is let! in the spring) 


K, - iw.v;,» i - ±(l .00 kg)(3.60 nu) ! .i(3,00 kg)(l.20 in*)’ - 8.64 J 


(/, — U A the potential energy stored in the compressed sprmg. 

Tluis U lM = A\ - 8.64 J 

Evaluate: The blocks have equal and opposite momenta as they move apirt. since tlx total monxntum is zero. 
Tlx kinctx energy of each block is positive and <ktcui*t depend oo the direction of the block's velocity, just on its 
magnitude. 

8 .21. IDENTITY: Since friction at tlx pond surface is neglected, tlxrc is no net external horizontal force and the 

horizontal component of the monxntum of the system of hunter plus bullet is conserved. Both objects arc initially 
at rest, so the initial monxntum of the system is zero. Gravity and the noimal force exerted by the »ce together 
produce a net vertical force while the ntle is firing, so the vertical compocxnt of momentum is not conserv ed. 

SET Up: Let object A be the hunter and object B be tlx bullet. Let *x be the direction of the horizontal 
component of velocity of the bulkl. Solve for v 4li . 




8-6 ( huptcr & 


8 . 22 . 


8.23. 


8.24. 


8.25. 


Execute: <u> v # %. = *965 m's . /? - / - 0. 0 = *.v.* ♦nijV.*, ami 


*, f 4.20x10* kg. 

“— v 42. “ “ —ttt:- 


V 72.5 kg 


(965 m's) - -0.0559 ms. 


(b) v i2 - v., costf - 1965 m's) cos 56X1°- 540 mi's . v.. - -I ———— 1(540 m's) - -0.0313 m's 


V 72-5 kg 

Evaluate: The maw of the bullet is much lew than the mass of the hunter, so the final maw of th: hunter plus 
gun is still 72.5 kg, to three significant figures. Since the hunter has much larger mass, her final speed is much less 
ihin the speed of the bullet. 

I DECT! FT: Assume the nucleus is initially at rest. K - «rmv* . 
s»:r UP: Let *.v be to the right. v Al . = -v. and i J3t - +v. . 


Execute: (»> A. - - 0 givci m,Y„. + «,*-«, -o. v ( =|—l»'.- 

,b)£i>i!l4=—— r -2t. 

EVALUATE: The lighter fnignxnt has the greater kinelic energy. 

IDKXI1FY: Apply conservation of mi>mentum lo the nucleus and its fragments. The initial mcinxmtum is zero. 
The 3,4 Po nucleus his mass 214(1.67x10 1 kg) - 3-57* 10 “ kg . where 1.67 x 10 : kg is the maw of a nucleon 
(proton or neutron). K - ^*i*. 

SET L’P: Let ‘.v be the direction m which the alpha part»:lc rs emitted. The nucleus that is left after the decay has 
maw m =3.75x10-“ kg-*. = 3.57x10“ kg-6.65x10 31 kg = 3.50x I0’ 25 kg. 


EXECUTE: P. = /{ =0 gives * v * hi v - 0. v = — v . v a - /—^ - J— -- U . 1 - 1.92 x lo ms. 

in. \ m. V 6.65x10 kg 

v _ 6A >.—1-| j 92x 10’ m s)-3.65x|0‘ m's. 

* 13.50x10 kg J' 

EVALUATE: The recoil velocity of the more massive nucleus is much lew than the speed of the emitted alpha 
particle. 

iDtMltY and SET L’P: Let th: ♦ x direction be hcci/ontaL along the direction the rock is thrown. Tbcrc is no net 
horizontal force, so P t is constant. Let object A be you and ctoject B be the nxk. 

Execute: 0 = -m.v. + m A v k cos 35.0* 


cos35.0* 


- 2 . ms 


EVALUATE: /' is not conserved because there is a net external force in the vertical direction; as you throw the 
rock the mxmal force exerted <xi you by the ice is larger than the total weight of the system. 
iDLVim: Each horizontal component of momentum is conserved. K . 

SET L'P: Let *.r be the direction of Rebecca’s initial velocity and let the axes make an angle of 36.9 : w ith 
respect to the direction of h^ final velocity. v Wj - - 0 . v fcu =13.0 m's ; v ft|f = 0 . 

v n , = (8.00 m s)cos53.1° - 4.S0 m's ; i 12i - (8.00 m's)sin53 .1° = 6.40 m s . Solve for v 01a and v D1> . 
Execute: (u) r lt = /?. gives m k v kli =*,1^, +"m», • 
m fc (v tu - »v>.) (45.0 kgKI3.0 m s- 4.80 ms) 


■nit “ 




65.0 kg 


= 5.68 m's. 


r>. - gives 0- m k v,,. + «|,Vi,i. - »V». - v., ( - H ° kg 1*6.40 ms) = -4.43 m s 


65.0 kg 

The directions of P 4| . 1*^ and arc sketched in figure 8.25. tantf - 
v 0 - -f i i 2 , ^ 7.20 m s . 


Ms 


Hi I 


4 43 m s 
5.68 m's 


and 0 = 38. 
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8.26. 


8.27. 


8 . 2 *. 


|b) A -r^v*. «7<45.0 kgXI3.0 m's)* -380x10* J. 

A*, = ±m k v l u + - f(45.0 kgMH.OO m*) 5 r-<65.0 kg*7.20 ms» J - 3.12x10' J , 

AA - K. - A, - -680 J . 

Evaluate: Each comixincnl of momentum is separately conserved. The kinetic cncruv of the system increases 



lut.Mih: Tlieic is iui net external force on die system of astronaut plus emitter. u» the momentum of the 
system it corners cd. 

SET L T t: Let object A be the astronaut and obyrcl B lx the canister. At Mime the astronaut is initially at rest. After 
the collision she must be moving in the same direction ns the canister. Let *x be the direction in which the canister 
is traveling initially, so % r l# -0, \ iit - ♦2.40 m s . i Ml - +3.50mi's, ard v Mlt - +1.20 m's . Solve fur n ¥ . 

Euturc r u *r h . m,= M ‘ iv *‘ - , *.» a < ?»-^l« 2 - l * n " ; *7 <> U 8 | .g| t g 

3.51) ms-1.20 mi 


- \ 


i: 


Evaluate: She must exert a force nn the cimsicr in the - v direction in reduce its velocity ciMnponeni in the 
♦ a directum. By Newton's thud law*, tlx canister exerts a fonre un ha that is rn tlx »x direction and she gams 
velocity rn that directum. 

IDI.VIUT: The horieuntal component of die momentum of llx system of the rain and height car is conserved. 

SET If: Let ».i be tlx direction the car is moving initially. Bcfuir it lards in tlx car the rain has no momentum along the 
v axis. 

EXEC UTE: (a) /*, ^ P, says <24.000 kgK4.0O m's) = (27.000 kg )» j4 and v 2 . =3.56 ms. 

|b| After it lands in the car the water must gain Ixinziintal momentum, so the car loses horizontal monxntum 
EVALUATE: Hie vertical component of the nximentum is not consov ed. because of tlx vertical external force 
everted by the truck. 

IDKMIFY: The r and \ cmpofxntx of tlx momentum of the system of the two asteroids arc separately conserved 
Srr UP: Tbe before and alter diagrams are given in Tiuure 8.28 and the choice of coordinates is indicated Each 
astemid has mass m. 

EXEC UTE: (a) P it - P^ gives m 4l cos 30.0*+ ror M cus 45.0* . 40.0 m's = 0.866i’ 4J +0.TO7t» ja and 

0.7071^ = 40.0 m s - 0.866p 4S . 

P h -P : , gives 0 -= aw! #J sin30.0**- nn 4: sm45.0' and 0.50D» 4J = 0.7)7v w . 

Combining these two equations gives fl.500» ia - 40.0 ms- l)*66v a and = 29.3 m s . Then 

05<H) 


1 si = 


3.707 


12*1 J m s) = 21X7 mi 


lb) A - iim’.,. A. - 


n 


•_ j ^2 

TT 


(29.3 mS) 1 +120.7 mSI J 
|40 0 m.|- 


- D.HW 


££ = £^£--,.- 0 , 96 . 

*. K K, 

19.6% of the original kinetic energy is dissipated during the collision. 

EVALUATE: We could use any directions we wish for tlx 1 and 1 coordinate directions, bin the particular choice 
we have nude is especially eonv enient 
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8.29. 


8J0. 


8J1. 




After 

Figure 8.28 

Identify: Sirxc drag effects an: neglected th^e is no net external force on the system of two fish and the nxmxntum 
cif the system k conserved. Tlx* mcchanxal ctxrgy cquih the kirctic energy, which is K - imr* for each object. 
si:r UP: Let object A be the 15.0 kg fish ami B be the 4.50 kg fish. Let ».v be the direction the large fish is 
moving initially, so v A t - 1.10 m s and v au - 0 . After the collision the two objects an: combiixd and move with 
velocity P,. Solve for v Jfc . 

KxrxiTt: (■) P u ~P U . m g v AU + m k v MU + - 

m A V k\. 


Bl ' 


r ti 




~ * I.HI m *) t " o s46mi . 
15.0 kg + 4.50 kg 


(b) A' - + = 4(15.0 kgKUIO m s) J = 9.0S J . A, = 4 (m A -f m ,»»•} =4(19.5 kgMO.846 mb) 3 = 6.9S J . 

AA = Aj - A, = -2.10 J . 2.10 J of mechanical energy is dissipated 

Evaluate: The total kinetic energy always decreases in a collision where the two objects become combined. 
iDLMltY: There is no net external force on the system of the two otters and th: momentum of the system is 
conserved Th: mechanical energy equals the kinetic energy, which is A' - iwr* for each object. 
s»:r UP: Let A be the 7.50 kg otter and li be the 5.75 kg otter. After th: collision their combined velocity is r\ . 
Let fr be to the nght. so y*. = -5.00 m s and i JU = -tb.00 nVs . Solve for v Jt . 

E\i:« ill: (a) P t . - P u . m.i ,=(«, * . 

4 (7.50kg)|-S.00m-«)i<S.75M^.00in-» _ 0 „ 6m % 

m,*», 7.50kg.5.75 kg 

(It) A - t - 1(7.50 kg 1(5.00 mi) 1 *-<5.75 kgM6.00 mil 1 - 197.’ J . 

*s = i(«, -f = 1<I3 25 kg <0.226 in's) 1 -OJ38 J . 

AA - A, -A, =-197 J. 197 J of mechanical energy is dissipated 

EVALUATE: The total kinetic energy always decreases in a collision where the two objects become combined. 
Identify: Treat the comet and probe as an isolated system for which mcmxntum is conserved. 
s»:r UP: In part (a) let object A he the probe and object be the comet. Let -r be the direction the probe is 
traveling just before the collision. After the collision the combined object min es with speed \\ . The change in 
velocity is Av = v Jt - v* u . In part (at the impact speed of 37,000 km/h is the speed of the probe relative to the 
con>^ just before impact: v^, - v*. = -37.000 km h . In part <b) let object A be the comet and object B be the 
earth. Let -r be the direction the comet is traveling just before the collision. The impact speed is 40,000 km h. so 
--40.000 km h. 

Execute: (■> /> = r. . »• = ■ 


v 


At 


372 kg 




(-37.000 km ht = - 1.4x10* kmh . 


372 kg r 0.10*10 kg 
The speed of the con»rt decreased bv 1.4 x 10 * km h . This change is not noticeable 
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(b) Ai 


>.32. 


(-40.000 kmh) - -6.7 x 10 ' kinh . The speed of the earth would change 


0 .10-10" kg 

0.10 . IO- kg i- 5.97- 10" kg 
by 6.7 «10 ’ km'h. Thu change u rail noticeable. 

EVAliUTE: v 4li - v Mt is the velocity of the projectile (pn.'toe or comet l relatiw to the target (conxt or earth k 
Tlx expression for Av can be derived directly by applying monxntum conservation in coordinates in which the 
target is initially at rest. 

iDIAlin: The forces the two vehicles exert on each other during the collision are much larger thin the 
horizontal forces exerted by tlx road, and it is a good approximation to assume momentum conservation. 

Si: I L>: Let * y he eastward. A tier the collision two vehicles move with a common velocity i\. 

EXICITE: <■>/*.= P : , glvci m,.,. - «V + m, (v fc . 

4 . -»■,»■ <1050 kg M 15.1) ni >i. I'. 1 -*: kgII . Ifl.O <n m 

1050 kg * 6520 kg 

The final velocity it 6.41 mil. catluaid. 

(hi /f, - P - 0 gives m v \\. * m v u -0 . v, - -I V. - - ——ill [<-15.0 ms) - 2.50 in s . The truck 


6320 kg 

would need to haw initial speed 2.50 mi's. 

<c)part (a): AA 4(7370 kgl(6.44 ms)* -a<1050 kg *15.0 ins)*' -4<*320 kgXIO.O ins)*' = -2*1 x 10' J 
part <b): AAf -0-4<1050 kgl|T5.0 ms)* -4<6320 kg*2.50 m s)*' - -1.38x10* J . The change in kinetic crxrgy 
has the greater magnitud: in part (a). 

Evaluate: In part (a) tlx eastward momentum of the truck has a greater magnitud: thin the westward 
monxntumof the car are! the wreckage mows eastward after the collision. In part (b) the two vehicles have equal 
magnitudes of momentum, the total momentum of the system is zero, and the wreckage is at rest after the collision. 
8-33. IDENTITY: The ftxvcs the two players exert on each other during the collision arc much larger than tlx horizontal 
forces exerted by the slippery ground and it is a good approximition lo ossunx monxntum conservation. Each 
component of monxntum is separately conserved. 

SET UP: Let ♦.v be cast and \y be north. After the collision the two player* haw velocity *\ . Let the linebacker 
be object A and the halfbark tc object ti. so v M , = 0, y = 8.8 m s. v 6tt = 7.2 m s and v gh = 0. Solve for 
and v\ . 


EXECUTE: P„ = gives «,»■„. - m,v JU - («, ♦ m ,).... 

_ IH5kgH7-2 m» 

m,+m, 110 kg r 85 kg 

P,,-P,. gives m,i„ .m,v„, -(m, . m,)v, . 


5.14 mi . 


**i, -59m's. 


n a 


'a 


(110 kg)(S.S m s) 
110 kg+85 kg 


- 4.96 mi's. 



4.96 m s 
3.14 m s 


and 0 - 58° . 


Tlx players move with a speed of 5.9 m's and in a direction 58° north of cast. 

Evaluate: Each component of momentum is separated conserv ed. 

8.34. (DiMlFY: TTierc is no net external force on the system of the two skaters and the monxntum of the system is 
conserved. 

SET UP: Let object A be the skater with mass 70.0 kg and object U be the skater with mass 65.0 kg. Let ♦ v be to 
the right, so v 4U = +2.00 ms and v i1j - -2.50 m's. After the collision tlx two objects arc combined and move with 
velocity ^. Solve for v 2t . 

Execite: + 


+ m * y H. . <70 0 kgH2010 m s) + (65.0*-2.50 m's) _ _ ft |f? ^ 
5 ‘ M'+nij 70.0 kg r 65.0 kg 

Tlx two skaters move to the left at 0 167 m s. 

EVALUATE: There is a large dxrease in kinetic energy. 
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8J5. IDENTIFY: Neglect external forces during the collision. Then the mnmmtum of the system of the two cars is 
conserved 

SET UP: - 1201 kg, m i = 3000 kg . The snail car has velocity t* and the large car has velocity v t . 
Execute: (u > The total monxntum of the system is conserved, so the momentum k»st by one car equals the 
monxntum gained by the other car. They have the same ntigmlodc of change in momentum. Since p - mv and 
Ap is the same, the car with the smaller maw has a greater clunge in velocity. 


u^Av* = m, A\\ and Avfc - 



^8|av = 2.50Av 
1200 kg, 1 


<h> Tlie acceleration of the small ear is greater, sirxe it has a greater change in velocity during the collisxm. The 
large aceclcruticei means a large force on the occupants of the small car and they would sustain greater injuries. 
Evaluate: tach car exerts the same magnitude of force on the other car but the force on the compact has a 
greater effect on iLs velocity ancc its mass is lew. 

Uk Identify: Hie collisxm forces are large so gravity can be neglected during the collision. Tlvcrcfore. the 
horizontal and vertical compunrnts of the momentum of the system of the two birds arc conserved. 

SET UP: The system before and after the collisicei is sketched in Figure 8.36. Use the coordinates shown. 

S.Onj* 

E*"l 

(2nxw» 


usetn. 

& 


u.v> - 


Ivt'ie 



0 




EXECUTE: There IS no external force on the system so P lt - P it and P f -P, . 

Jf.-JS. gives (1.5 kgX9.0 m s) -(1.5 kg>v M , -r: cos^ and cos * = 9.0 m * . 

gi'« (0.600 kgK20.0nvs) = (0.60 kgK-5.0m's>* (1.5 kgK^sin# and 10.0 ms . 

Combining, these two equations give* land - -- and d - 4S'. 

9.0 m s 

Evaluate: I>ue to its lar^c initial speed the lighter falcon was able to produce a hrge change in the raven's 
direction of nxition. 

8.37. IDENTIFY: Since friction forces from the rcud are ignored, the v and y components of mixnentum an: conserved. 
SET UP: Let object A be the subcompart and object 8 be the truck. After the collisicci the two objects move 
togethrr with velocity r : .. Use the r and y coordinates given in the problem, = v,,, - 0 . 
v it = f 16.0 mslsin24.0* - 6.5 m s ; v 3/ ■= (16.0 nvs)cos24.0 : - 14.6 ms. 

E\>:« i’ll: /■. =P>. gives m,v„. 

p i, = P i, gi‘« • 


Before th: collision the subcompact car has speed 19.5 tit's and the truck has speed 21.9 m's. 

EVALUATE: Fach component of momentum is indcpcn&ntly conserved. 

8.38. Idf.n liFY: Apply conservation of momentum to the collisicoi. Apply conservation of energy to the motion of the 
block after the collision. 
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SET UP: Conservation of mimenium applied In the collision bdwoen the build and IK: bk»ck Ld object A be 
tlic bullet and object B be the Muck. Let r, be Hie spired of the bullet before the colltsxin and let Tbe the speed of 
the black with the bullet inside just after the collision. 



Figure 838a 


/*. is constant gives jvv 4 Vj - (m, e in fc }J* . 

Conservation of energy applied to the mutum of the block alter the collision: 


ei « 


1 . 

Pi 


•a r ” 

r “i 

1 


0.210 m-- 


Figure 8.38b 


A, +• L 1 , + - A'. + V, 

EXECUTE: Work is done by Indian so - W f - (A ook#>* - -f k * - 
(/, - U% - 0 (no work done by gravity) 

A, - K : - 0 <block lias come to rest) 

Tluis iffil* 1 - p k mgt - 0 

r - - J2<0.20H9.M> ms 1(0.230 m) - 0.9495 nrt 

Use this in tlie conservation of momentum equation 

EVALUATE: When we apply conservation of momentum to the collision we are ignunng the impulse of the 
frirtson force exerted by the surface during the collision. This is reasonable xiree this force « much smaller than 
the forces the bullet and block exert on each other dunnu the collision. This force does work as the block moves 
after the collision, and takes away all the kinetic energy 

8J1 Identify: Apply conservation of momentum to the collision and conservation of energy to the motion after the 
collision. After the collision the kinetic energy of the combined object is converted to gravitational potential 
energy. 

SET Up: Immediately after the collision the combined object has speed V. Let h be the vertical height through 
winch the pendulum rises. 

EXEC UTE: (u) Conservation of nxinxntum applied to the collision gives 
(12.0*10 * kg#380m s)-(6.00kg * I2.0x 10 1 lg)F and V -0.758 mis. 

Conservation of energy implied to the motion after the collision gisvs i« M l’ J - ne^gl I and 


MO. 



(0.758 mlj 1 

2(9.80 m.'* 1 ) 


- 0.0293 m - 2 9.1 an 


<b( K ^ 4».v; -4(12.0-10 ‘ kgKJttO m*)‘ - 866 3 . 

<c» -4(6.00 kg *12.0*Iff* lgK0.758mi| : - 1.73 J. 


Evui.tli: Mast of the ciiti.il kuurtii energy of Ihc Imlkl is dissipated in die culliutm. 
IDEVIUY: Each component of hori/unlal momcnlum is conserved. 

Strl'R Lei •> be east and *v he north. r u . -v tJ -0. !•„, = (6.00 m s)co»37 O' -4.79nv», 

lb, -(6.00 mll*in37.0° = 3.61 mi . i'„. -»9.00 m.»|c<*23.0°- 8.28 ms and 


v*,, - "(9 00 in »lsin23.0 = -3.52 mi . 


Exec ute: P u => /». gives m>v %u ± r « A v A3k 


v «VW,+»V\i. . (80.0 kgX4.?9 ms)^ (50.0 kgK8.28m'sl o <> . _ 
Sam's spred before the collision was 9.97 m s. 


KO.O kg 
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ML 


M2. 


P l, mP )> S*'** *A V AI> +w »»\«v 

"Vki, +» A v Al , (80.0 kg*3.61 m s) + (50.0 kgX-3.52 m'sf 




- 2.26 m s. 


n, 50.0 kg 

Abigail's speed before the collision w« 2.26 m s. 

(b) &K -^(SO.OkgH6 <IOm*) ; 'i(5O.OkgH9.<K0m4)’-i(K0.<) kgM9.97m<) 1 -■ifSO.O kgX2.26m.il 1 . .U - -<.39 J 
Evaluate: The total momentum rs ccciscrvcd because then: is no net external horizontal force. The kinetic 
energy decreases because the forces between the objects do negati\c week during the collision. 

IDENTIFY: When the spnng is compressed the maximum amount the two blocks aren't moving relative to each 
other and have the same velocity V relative to the surf&rc Apply ccmscrvation of momentum to find Land 
conservatism of energy to find the energy stored in the spnng. Since the cohesion is elastic. Eqs. 8.24 and S.25 give 
the final velocity of each bkick after the collision. 

SET UP: Let ♦ x he the direction of tbc initial motion of A. 

EXECUTE: (at Momentum conservation gives <2.00 kgX2.00 m s) -(120 kg)F and V - 0.333 m’i Doth 
blocks arc moving at 0.333 ms. in tbc direction of the initial motion of block A. Conservation of energy says the 
initial kinetic energy of A equals the total kinetic energy at maximum compression plus the potential energy U u 
stored in the bumpers: if2.00kg|<2.00 msf' + 4(12.0kgX0.333 m <if and l/^3.33J. 

2.00 kg-10.0 kg 


( b > - 


1.33 m s. 


m. + m 


k - - 




Lh 


k*- = 


12.0 kg 
2(2.00 kg) 


2 .01) in s) - -1.33 m s . Block A is moving m the -a direction at 


(2.00 m s) - *0.667 m s . Block B is moving in the »x direction at 0.667 m s. 

m. + ii.. 1 “* 12.0 kg 

When the spring is compressed tbc maximum amount the system must still be moving in order to 


evaluate: 
conserv e momentum. 
Identify: 

Set Up: 


So net external hcei/ontal force so P is conserved. Elastic collision so K , - A\ and can use Eq. 8.27 


J., ■ Uail ms 




□ 




a, |._in_B 

after 


Figure 8.42 

Execute: From conservation of x-component of momentum: 






10.150 kgXO.80 mb )- (0.300 kgX2.20 m s) ^ (0.150 kg)!’,,. + f0 300 kg>»- 4 a . 


-3.60tn'sav^ + 2v Wj 

From tbc relative velocity equatxm for an elastic collision Lq. K.27: 

l ai. ~ v au ““^ r 4u “<“2.20 m^s -0.80 m s) - 4-3.CX m/s 

3.00 nvsi-i^ -f ijj. 

Adding the two equations gives -0.60 m s - 3i Jlt and v JJt - -0.20 m s. Then v AU - v M( - 3.00 m s - -3.20 nv's. 
The 0.150 kg glider {A ) is moving to the let) at 3 20 m s and the 0.300 kg glider </*) is moving to the left at 

0.20 t»s. 

EVALUATE: W*c can use our r 4l and v J1% to show that P t is constant and A' - K . 

8.43. iDEYiiFY: Since the collision is clastic, both momentum conservation and Eq. 8.27 apply. 

SET Up: Let object A be the 30.0 kg marble and let object B be the 10.0 g marble. Let *x he to the right. 
EXECUTE: (a) Conservation of monvrntum gives 

(00300 kgH0.200 mb) + (0.0100 kgK-0.400 ms) = (0.0300 kg)v, : . +(0.0100 kg)v tJ< . 

3v^ 4 + v*,. - 0200 m s . Eq. 8.27 says \ MU - v,,. - -(-0.400 m s - 0.200 m s) = *0.600 m s . Solving this pair of 
equations gives v tia - -0.1(H) m s and v til - *0.500 m’s . The 30.0 g marble is moving to the left at 0.100 m’s 
and the 10.0 g marble is moving to tbc right at 0.500 m s 
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8.44. 


8.45. 


8.46. 


(b) For marbfc A % A P At -« 4 v^ -m t v A , -(0.0.100 kgM-ft.100 ms-0.200 m *) - -0.00900 kg-m'i . 

For marMc B. &P M , - - m*i JU ^ <0.0100 kgKO.SOO m s -1-0.400 ms]) - -tO.OOOOO kg • m s . 

The changes m momentum have the sanx* magnitude and opposite sign. 

(c> For mar hi: . 1 . AK, - iiw.v 1 ,. - t-r.v’, - 440.0300 IgM(O.KK) m sf -(0400 mlj) - -4.5 * 10 * J . 

For marble B. AK, - -^<0.0100 kgMIO.500 mif -(0.400 mi| J ) - .4.5x10 * J . 

The changes xn kinetic energy have the same magnitude and opposite sign. 

EVALUATE: The results of parts (b) and (c) show that momentum and kinetic energy axe conserved in the 
collision. 

IDIA 11FY and SET L’P: Without rounding, the calculation in Example 8.12 gives v k2 - JZQ m s . 
EXECUTE: ThetwocquationsinI:xamplcS.l2fc>r a and ft are 


10300 kuK4.txt ms) ^ (0.500 ktfX2.00 m/sXcosa) -t (0300 kuX^/20 xm'sKeos/J) Eq. I 


and 


0-<0.500kgK2.00ms)(smr/»-(0.300kgXv r 20 ms)sin// Eq. 2. 
Dividing each equation by (0.500 kg K 1.00 m's) gives 

4.00 - 2.00cos/7 - 0.6 J20 cos fl Eq. 3 


and 


Eq 3 gives cos ft - 


4.00 - 2.00emo 


0- 2.00sin a-0.6^20 sin// Eq. 4. 


and c«* ti - 2.222 - 2.222c«*a 10.5556cm* a . 


0.6^20 

Eq. 4 gives sin// _ 0.7454sin a and sin 2 // -0.55S6sin 2 a -0.5556-O.S5S6cos J <r . 

Adding the two equations and using sin* ft + cos* ft -1 gives 1 - 2.778 - 2.222cos« and cm« - 0 8002 . 

(t - 36.9° . Den sin// - 0.?454sina gives ft ■ 26.6° . 

EVALUATE: Tor these V'alues of <t and ft . the v component of momentum. the y component of momentum and 
the kinetic energy are all conserved in the collision. 

IDENTITY: Eqs. 8.24 and 8.25 apply, with ctojcct A being the neutron 

SKI L’P: Let * x he the direction of the initial nxmxntun of the neutron. The trass of a neutron is <?.' - 1.0 u . 


EXECUTE: (u) v - 






i . J———1——. - /3.0 . The speed of the neutron after the collision 

" 1.0 ut 2.0 u * 4 


is one third its initial spxd. 

ib> k. = >.»?-4m.(v„ nw - -La:. . 

(c» After a coIIumhh. v, : -1 _L j »-, . _ j _L_ . no 3.0’ - 59.000. n Iog30 - log 59.0(H) and n = 10 . 

EVALUATE: Since the collisxm is elastic, in each collision the kinetic energy lost by the neutron equals the 
kinetic energy gained by the dcutcrun. 

IDENTIFY: Elastic collisim. Solve for mass and sp^ of target nucleus. 

SET L’P: (a) Let A be the proton and B be the target nucleus. The collision is clast*:, all velocities lie along a line, 
and B rs at rest before the collision, lienee the results of Eqs. 8.24 and 8.25 apply. 

EXECUTE: Eq. 8.24: +v A )-« i (v, — v Al ), where i. is th: velocity component of A before th: collision 

and v lt is the velocity component of A after the collisicoi. Here, \\ - 1.5ft x 10 m‘s (take direction of incident 
beam to he positive) and v - - 1.20 x 10 m s I negative since traveling in direction opposite to inci&nt beam). 


i. - y 


»* 


1.50x1ft 1 ms* 1.20x10 f 170 


1.50x10 m s-1.20x10 nvs I 


0.30 


9.0 ton 


(b) Eq. 8.25: 1%,-t lt«l-—- (1.50* I0 : m s) - 3.00x ICf m’s. 

\m A +M A J V« + 9.ftQni/ 

EVALUATE: Can use our calculated v and m to show that P is constant and that K - AT. 
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8 . 47 . 


8 . 48 . 


8 . 49 . 


8.50. 


IDBX1HY: Apply Eq. 8.28. 

SET t’P: m, => 0.300 kg . m A - 0.400 kg. m. ^ 0.200 kg . 
m r x i +m A .x A +m.x l 


EXECUTE: x — 


t+ m t 


x kgHft200 m) ♦ (0.400 kg)*» 100 m) ♦ (0 200 kgK 0 300 m! m 

0.300 kg *♦ 0.400 kg - 0.200 kg 

Xc 




m 4 r ui, + 

(0.300 kc <0.300 m) +(0.400 kg<-0.401 m)+(0.200 kg<0.601 m> 


- 0.0556 m. 


0.300 kg + 0.400 kg * 0.200 kg 
EVALUATE: There is mats at both positive and negative x and at positive and negative y and therefeve tlx center 
nf mass is close Io the origin. 

Identify: Calculate .v M# . 

SET Up: Apply Eq. 8.28 with the sun as mass I and Jupiter as maw 2. Take tlx origin at the sun and kl Jupiter 
lie on the positive .Y-axis. 





« t x, * nt>x ; 


Execute: x -0 and .y -7.78x10' m 


(1.90x10 s7 kg)|7.78xl0' ml 

x fc - !-—-I 7.42 x 10 m 

1.99x10* kg +1.90x10” kg 

The center of mass is 7.42 x I0 X m from tlx center of the sun and is on tlx line connecting the centers of the sun 
and Jupiter. The sun’s rxltus is 6.96x 10'm so the center of imss lies just outxid: tlx sun. 

Evaluate: The mass of the sun is much greater titan the mass of Jupiter so the center of mass is much closer tc 
the sun. Fee each object we have considered all the mass as being at the center of mass (geometrical center! of the 
object. 

IDENTIFY: The location of the center of miss is given by Eq. 8.48. The miss can be expressed in terms of the 
diameter. Each object can be replaced by a point maw at its center. 

SET UP: Use coordinates with the origin at the center of Pluto and the ♦.r direction toward Chiron* so x, - 0 
.r t -19.700 km m - p*' = p^xr* - xpxd ‘. 

"'•v'w i_ _l i i <>! 


EXECUTE: x_ 


w.^ui [mr+m. 


Ipxd* + i;P*d , 1 \ d r + d. 




[1250 km]* 


[2370 km]*+[1250 km) 1 


(19.700 km|-2.52x|0 ; km. 


The center of miss of the system is 2.52 x 10* km from tlx center of Pluto. 

EVALUATE: The center of mass is cIosct to Pluto because Pluto has more mass than Charon. 

IDENTIFY: Apply Eqs. 8.2S. 8.30 and 8.32. There is only one corr^ioncnt of position and velocity. 

SET Up: m t - 1200 kg . m A - 1800 kg . M -m £ + m A - 3«Xl kg Let vy be to the right and let the origin be at 
the center of mass of the station wagon 

Execute: w ,, a « • ..KOOk^QOm) , 40m 

1200 kg+1800 kg 

Tlx center of mass is between the two cars. 24.0 m to the nght of tlx station wagon arxl 16.0 m behind the lead 
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LM. 


(.52. 


(b» 

(«) 


.t„ t m t v„ -(1200 kg)(!2.0nvx) + (l800 kgX’O.O ml)- 5.04-10 kg ml. 
m .v. tuir.v 


• * 


( 1-00 kg Kl 2.0 m kgH 20.0 m»s) 

1200 kg +1800 ke 


(cl) P t - Mv m -(3000 kgMl6.8 ms)- 5.04 x 10* kg ms, the same as in part <b). 

EVALUATE: The total momentum can he calculated either as the vector sum of the momenta of the individual 
objects in the system, or as the total mass of the system tinvs the velocity of the center of miss 
IDKCTIFY: Use Eq. S.28 to find the a* and y coordinates of the center of miss of the machine part for each 
configuration of the port. In calculating lb: center of mass of the machine part, each uniform bar can be represented 
by a point mass at its geometrical center. 

Si:i L T P: Use coordinates with the axis at the hinge and the *x and ♦ Axes akmg the honzontal and vertical bus 
in the figure in the problem. Let (x m% y\ I and (x,.y f ) be the coordinates of the bar before and after the vertical hor 
is pivoted. Let object 1 be tb: hceirontal bar. object 2 be the vertical bur and 3 be the boll 

14.(8) kg III) 75(1 nP-Ot l) 


mv. 


.-0.333 m . 

> r m. 4.00 kg ♦ 3.00 kg + 2.00 kg 
*»•>% + *i,v, 0 + (3.00 kg it 0900 m)+<2.00 kgMl.80 m i 


D.7QQm. 


^+*** + »> 9.00 kg 

(4.00 kg MO.750 ml r (3.00 kg«-0.900 m) +(2.00 kg)(-l 


- -0.36b m 


9.00 kg 

y f * 0 . x f - x - -0.700 m and y t -y - -0.700 m . The center of mass moves 0.700 m to the right and 0.700 m 
upward. 

Evaluate: The vertical bar moves upward and to the nght so it is sensible for lb: center of mass of the machine 
part to move in these directions. 

(a) IDKMIFV: Use Tq. 8.28. 
si:r UP: The target variable is m . 

Execute: r () = 2.0nv v.„-0 

sitsji *\|0) + (0.10 kg 1(8.0 m) 0.80 kg m 


w » + m. 


10.10 kg I 


10 kg 


.r 


- 2.0 m gives 2.0 m- 


0.80 kg m 
m^OAO kg’ 


m.-fO.lO kg - 


0.80 kg m 

2.0 m 


0.40 kg. 


m, ^ 0.30 kg. 

EVALUATE: The cm is closer to /w, so its mass is larger then m,. 

(b) IDENTIFY: Use tq. 8.32 to calculate P 

SETUP: t' M 'S (S.0 in's )). 

p = MS" = 10.10 kg - 0.30 kg )(5.0 m s )i = 12.0 kg ms)/. 

(c) IDENTIFY: Use tq. 8.31. 

Ol |l ^ || 

SEE Up: »• = —-—— He large! variable is v . Particle 2 at rest says v - 0. 

m.fni, 

Execute: i =j V.. = ‘" : °^^ l " lg j(5.00ml)/=(6.7 ml)/. 

Evaluate: Using the result of put (c) we cm calculate p and p . and show that P as calculated in part <b) 
does equal p [ + p .. 

8.53. Identify: Tlierc is no net external force on the system of Janxs. Ramon and the rope and the momentum of the 
system rs cc*i served and the velocity of its center of maw rs cccistant. Initially there is no motion. and tb: velocity 
of the center of ma.es remains zero after Ramon has started to move. 
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SET UP: Let ♦.v he in the direction of Ramon's motion. Rainon has miss m K - 60.0 kg and James has mass 
/Wj -90.0 kg. 

"VC. + m l*K * 


ltt K -t IK, 


- -f — )v,. - -f ^ q 1(0.700 n**) - -0.47 mx. James* speed ix 0.47 m.'s 


EXECUTE: i - 


EVALUATE: /Vs they move, the two men have momenta that arc equal in magnitude and opposite m direction, and 
the total momentum of the xystem ix zero. Also. Lxample S. 14 shows that Ramon moves farther than James in the 
same txnx interval. This is consistent with Ramon having a greater speed. 

8.54. (a) IDENTIFY and SET Uf: Apply Eq. 8.28 and solve for m and m % . 

Execute: 

", v, -t m,i. «f 1 (0>-» (0 50 ku«6.0 m) 

.»•„ ~ 2.4 m 

EVALUATE: is closer to m since ik { > 

<h| IDENTIFY and SET UP: Applv a = 4 / 1 *dt for the cm motion. 


-1.25 kg and m ^0.75 kg. 


Execute: .. = ^-=(15 nvs‘)ri. 

(c> IDENTIFY and SET Up: Apply Eq. 8.34. 

Execute: Yf» = Ua...=(1.25 kg H l .5 mV )rf. 

Ai f-J.O*. = (125 kg)(lJ mi‘)(5.0*)/>(S.6 N)/. 

Evaluate: r # is positive and increasing so a m is positive and F ix in the +x dinetKm. There is no 
motion and no force component in the indirection. 

8.55. Identify: Apply JV to the airplane. 


SETUP: —(/*)= nT x . I N - I kg ms*. 


r 


EXECUTE: — = (-<1.50 k« nvVvl/ +<0.25kgnvV)/. /•: - -(1.50 Mx)f. F t -0.25N. F -0. 


EVALUATE: There is rci momentum or change m momentum in the r direction and there is no force component 
in this direction. 

8.56. IDENTIFY: Use Eq. 8.38. applied to a finite time interval 
SETUP: v m =16(0 mx 

Ajvr -0.05(D) kii 

Execute: oo F-- i*—= -<l600ms>- ---t80.0N. 

St 1.00 s 

<b| The absence of atmosphere would not prevent the rocket from operating. The rocket could be steered by 
ejecting th: gas in a direction with a component perpendicular to the rocket's velocity aixl braked by ejecting it in 
direction parallel (as opposed to antiparallel) to the rocket's velocity. 

Evaluate: The thrust depends on the speed of the ejected gas relative to the rocket and on the mass of gas 
ejected per second. 

8.57. IDENTIFY: a - --. Assume that dm:dt is constant over the 5.0 s interval, since m doesn’t chingc much 

m di 


during that interval. Th: thrust is F - -v^ — 

dt 

SET UP: Take m to have the constant value 110 kg + 70 kg - 180 kg dmfdt is negative since the miss of the 
MMU decreases as gas is ejected. 

EXECUTE: (u| — - a - -(■ 1 V1 x - ~ ■ 1(0.029 m x*) - -0.0106 kg s . In 5.0 s the mass that is ejected is 
dt v ^ l 490 nix ) 

(0.0106 kg sHS.O s) ^ 0.053 kg . 

|b> F- -v — --(490 m*)(-0.0l06 kg i) - 5.19 N . 

dt 
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Evaluate: The mass change in the 5.0 s is a very small fraction of the total mass m. soit is accurate to take m 
to he ccm slant. 

8.58. lDEvn»Y and SET L>: Apply Eq. 8.39: a - -1e— Solvr lor Jm.'di 

m <it 


Exec ite: 


Jm ™. (6000 kg W 2 S .0 m'* 1 1 


X 


2000 m s 


-75.0 kiti's 


So in 1 s the rocket must eject 75.0 kg of gas. 

EVALUATE: Wc have approximated dm/dt by A mi St. We hive assumed that 25.0 ms* is the average 
acceleration for the first second. 

#.59. IDENTITY: Use Eq. S.39. applied to a finite time interval. Solve for v M . 

Am m 


s»:r lp: 


Af 160 


v.. Am 

Execute: a ■ -——. »• - - . 

m Af ^ Am 


-15.0 mi* 


-2.40*10' in*-2.40 kins 


M ) \ U 

Evaluate: The acceleration is proportional to the speed of the exhaust pis and to the rate at which mass is 
ejected. 

160. IDENTITY and SET Up: (F si iAt - J relates the impulse J to tlx- average thrust F St . Eq. 8.38 applied to a finite time 

interval gives F - —» - I — ».. - v In! —- ' . The remaining mass m after 1.70 s is 0.0133 kg. 

A/ \mj 

Execute: |u> F - — - 1 " ' — ^ 5.SK N. F m il' ^ 0.442. 

At 1.70* ’ 

<b» V -- - -K00 m.'i . 

-0.0125 kg 

(c> v. - 0 ami r - v Ini — I - (800 m'tlln ' "~‘ S >j I - 530 m > . 

“ U..' l.O.OI33kg 

Evaluate: The acceleration of the rocket is not constant. It increases as the mass rerunning decreases 
8.61. IDLMIIY: i-i = v In! — ! . 


Set Up: i, — 0. 

Execute: and fli=r*“-45 2. 

V m f V a 21 CO m s m 

EVALUATE: Note that the final speed of the rocket is greater than the relative speed of the exhaust gas. 

162- IDSXIUY and SET UP: Use Eq. 8.40: i - v v - v m In{ m, m ). 
v 4 - 0 ("fired from rest”), so v/v ft - ln(m,.//w). 

Thus m t fm - c ". or m fm v - e’ ** . 

If i’ is the final speed thm m is th: mass left when all the fuel lias been expended: iiii'm, is th: (ration of the 
initial mass that is not fuel. 

(a) Exec Lit:: v= 1.00x10 ‘c- 3.00x10* m s gives 


ui.m. 


-7.2x10 


Evaluate: This is clearly nut feasible, fur so little of the initial mass to not be fuel. 

<b) Execute: v - 3000 m* gives m/m,. ^ r -***>**'**>"* _ 0.223. 

Evaluate: 22.3% of the total initial miss not fuel, so 77.7% rs fuel: this is possible. 

8.63. IDENTITY: Use the heights to tin:! \\ t and v\,. the velocity of the ball (ust before and Just after it strikes the slab. 
Then apply J r -F.Aj - Ap r . 

SET UP: Let ♦ y be downward. 
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Execute: (u) %mv s - mgh so v - zjlgh. 

v,, - -f ^2(9.80 m x* % K2.00 m> ^ 6.26 m's . »^ = -^2(9.80 nvs* XI 60 m) - -5.60 nv s. 

J^\p,~ «(!•*, - v u ) ^ (40.0 x 10 ‘ kg«-5 60 ms - 6.26 ms) ^ -0.474 kg • nvs . 

The impulse is 0.474 kg-m's . upward. 

<l>) /* - — - ■ " * 4 k' r tU s -237 N . The average force on the ball is 237 N. upward. 

Evaluate: The inward force cm the ball changes the direction of its momentum. 

8.64. IDENTIFY: Momentum is conserved in the explosion. At the highest point the vclority of ih: boulder is zero. 

Since one fragment moves horizontally the other fragment also moves horizontally. Use projectile motion to relate 
the initial horizontal velocity of c»:h fragment to its horizontal displacement 

SET UP: Use coordinates where *x is north. Since both fragnents start at the same height with zero vertical 
component of velocity, the time in the air. f. is the sime for both. Call the fragments A and tf. with A being the one 
that lands to the north. Therefore, - 3 t7 4 . 


8.65. 


8 . 66 . 


8.67. 


EXECUTE: Apply P lt - P. t to the collision: 0 - m A v M -t . v Mt - -—-v^ - -i 4 /3. Apply projectile motion 

m M 

to the motion aficr the collision: x~x, - V &J • Since / is the same. -—- ———- and 

v + v to 

(y - i,>* -| — |(v- i,), X *‘ 3 j(x-.Y t .| 4 - -(274 mb'3 - -91.3 m . The other fragment lands 91.3 m 

directly south of the point of explosion. 

EVALUATE: The fragment that has three times th: mass travels one third as far. 

IDENTITY: The impulse, force and change in velocity are related by Eq. 8.9 
SET UP: m - vr/g - 0.0571 kg . Since the farce is constant. F - . 

Execute: (u> 7 -f ,5/-(-3S0N)l3.00-l0 1 *) = -!.UN i. 7. -f A/^<ll0N)l3.0l)xl0 ' *)-;0.3JON *. 

lb) vs, ■—+ v*. - 114 N * » 20.0 ml* - 0.01 ml. v. - — - »• - 0330 N * , (-4.0 mi) - +1.8 ml. 

' m “ 0.0571kg ’ m 0.0571kg 

EVALUATE: The change in velocity Ai* is in the same direction as the force, so Av has a negative x component 

and a positive y component. 

IDEVim: The hori/ceital component of the momentum of th: system of ears is conserved. 

SET L’P: Let *.y be the direction the cars are traveling. Each car has mass m. Let \\ be the initial speed of th: 
three cans. - T v,. Let .V be the number of cars in the final collection. 

Execute: p - P .,. 13m)v. -(Vmh-,. - —i - 3--15. 

», v/5 

EVAl.l'ATE: In the complete absence of friction or other external horizontal forces this process of adding cars and 

slowing down continues forever. 

iDEMlfY: P. = Pai f p k , and />,»/>*♦/%. 

SET UP: Let object A be the convertible and object B be the SUV. Let be west and *> be south. p A , - 0 and 


EXECUTE: P. ^ (8000 kg m's)sin 60.0° - 692S kg ms. so — 692S kg m s and 

6928 kg • m's ... 

v ----- 3.46 m's . 

“ 2000 kg 


P -18000 kg • ms) cos 60.0° - 4000 kg • nvs .so p A - 4000 kg • m's and \ tf 


4000 kg m s 
1500 kg 


- 2.67 m s . 


The convertible has speed 2.67 m's and the SUV has speed 3.46 nvs. 

E VaI.LaTE: Each component of the total momentum arises from a single vehicle. 

IDLVIIJV: The total momentum of the system is conserved and is equal to zero, since the pucks arc released 
from rest. 

SET UP: Lach puck has the same mass m. Let *.y he east and »y be north. Ld ctojcct A be the puck that moves 
west. All three pucks have the same speed i. 


8 . 68 . 
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K\l(irf: P Xk -P lt gives 0- —mv+mv^ + mv ct and v = v A -f . P x% -P it gives 0-wr At +m\\ t and 
- -I’a . Smee v A — v, and the v components are equal in magnitude. the x compofxnts must also he equal: 

>V % - and \ - v At -f says v A - v fl — W2 - If ^ is positive lhcn v ( > is negative. The angle 0 that puck H 

makes with the x axis is given by cas0 - -—— and 0 - 60’. One puck moves in a direction 60" north of cast and 

i’ 


the other pock moves in a direction 60 " south of east. 

EVALUATE: Kach component of momentum rs separately conserved. 

8.69. IDENTIFY: Tl»c x and y compocxnts of the momentum of the system arc conserved. 

Sti Up: After the collision the combing object with mass m xA - 0.100 kg moves with velocity i\ . Solve fee 

v <v and v. . 

EXECUTE: (a) P x , - P u gives m A v+ -t m k v At + m, v Ct - m lA v 3 .. 




\\ ~ ~ 


(0.020 kgK-l-50 in's)+ (0.030 kgX-050 m s)cos60° -(0.100 kg|<0.50 m si 

0.050 kg 


\\ t - 1.75 m s . 


p ,. sP >, s |i « + m .-n> 


_ m,. i - -m.,. . <0.030 kg W -I) SO m snintitp- 

in, 0.050 kg 


8.70. 


<b> v r = 7T. - 1.77 m i. AA = A, - A ,. 

AA - 410.100 kg>0.50 in's)* -tyO.O’O kg 1(1.50 m s)’ *4«'030>0.50 in's)’<-4(0.050kg«l.77 ml) 1 ] 

AA = -0.092 J . 

Evaluate: Since there is no horizontal external force the vector momentum of the system is conserved. The 
forces the splxrcs exert on each other do negative work during the collision and this reduces the kinrtic energy of 
the system. 

IDENTIFY: Use a coordinate system attached to the ground. Take the x-axis to he east (along the tracks i and the 
r-axis to be north (parallel to the ground and perpendicular to the tracks}. Tlxn P t is conserved and P t is nos 
conserved, dix to the sideways force exerted by the tracks, the force that keeps tlx handcar on the tracks. 

(a) SET Up: Let A be the 25.0 kg mass and 8 be the car (mass 175 kg». After the mass is thrown sideways relative 
to the car it still has the sanx eastward component of velocity. 5.00 m's. as it Kid before it was thrown. 


» 0 - 2 . 0 : m A 


1 v ( - 5X0 infi 

"■ —«□ 



•• J( = 5.00 mA 


k.rcfv« 


dWr 

Figure 8.70u 


P t is conserved so ( m 4 + m rf ) v, = * M t v MU 

EXECUTE: (200 kg)(5.00 m i)-(25l)kg)(5.0l) m«)»(l75 kg)!,,.. 


_ (000 Ig—r»-l25 kg nlk _ 5 
175 kg 


The final velocity of the car is 5.00 m’s. east lunchangedi. 

Evaluate: The thrower exerts a freee on tlx miss in the indirection and by Newton's 3rd law the mast exerts 
an equal and opposite force in the -r-direction on the thrower and car. 

<l>) SET UP: We are applying P, - constant in coondimtcs attaclxd to the ground, so we need the final velocity of 
A relative to the ground. Use the relative velocity addition equation. Then use P M - constant to find the final 
velocity’ of the car. 
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EXfXlTf: 9 a . £ - v s . m + w § . s 
v yk m t-5.00 Ill's 

v*4 M - -5.00 la's (minus since the mass is moving west relative to the car). This gives v A £ = (fc the mass is at rest 
relative to the earth after it is thrown hickwanls fn>m the car. 

A* In pari (a). (m 4 ♦ m, )v, = m,v Atl * 

N ®» *0. " = "As il - 


m. r m 


(5.00 ml I-5.71 
175 kg ' 


ins. 


The final velocity of the car is 5.71 m's. cast. 

Evaluate: The thrower exerts a force in th: -.r-darortion so the mass exerts a force on him in the +v-directkin 
and he and the car speed up. 

(c) SET UP: Let A be the 25.0 kg nuss and & h: the car t nuss m. - 200 ku). 


V V* = 3.011* 

»*, - 6 .CO nV* 

_D- 

~n- 

A 


before 


Figure 8.70l> 





P, is conserved so « 4 v 4ll ■+ m^v J1j - (m A *f m k )>\ t . 
Execute: —m A v 4{ + iw 4 v M -(/I? 4 tm rf )ij.. 


v -«»,»•„ <200 kg)(5.00 n»*)-(25.0 1^6.00 m s) ? ^ 

u 201 kgr 25.0 kg 

The final velocity of the car is .1.78 mX cast. 

Evaluate: The mass has negative p so reduces the total / of the system and the car slows down. 

8.71. IDEMIPA: The horizontal component of the momentum of the sand plus railroad system is conserved. 

SET UP: As the sand leaks out it retains its horizontal velocity of 15.0 m’s. 

Execute: The horizontal component of the momentum of the sand doesn't change when it kraks out so the 
speed of the railrcud car doesn’t change; it remains 15.0 m s. In Fxervrsc S.27 the rain is falling vertically and 
initially has no horizontal component of momentum. Its momentum changes as it lands in the freight car. 
Therefore, in order to conserve the horizontal monxmtum of the system the freight car must slow down. 
Evaluate: The horizontal momentum of the sand docs change when it stnkes th: gnyund. due to the force that 
is external to the system of sand plus railroad car. 

8.72. IDSMIH: Kinetic ecvxgy is K - n»» 3 and the magnitude of the momentum is p - mv . The force and the tmv i 
it arts are related to the change in momentum whereas the force and distance rf it acts arc related to the change in 
kinetic energy. 

SET L’P: Assume the net forces are constant and let the forces and the motion be along the t axis. The impulse- 
momentum theorem then says Ft - Ap and the work-energy theorem says Fd - AK . 

Execute: (u) A' h ^4(840kgX9.0ms) J = 3.40x \0') . A, ^ 4U620kgK5.0m s) J = 2.02 x 10 4 J . The Nash has 
the greater kinetic energy and ^ 2 . - 1 .68 . 

<b) p s - (840 kg M9.0 m s) - 7.56 x 10* kg m s . f\. - (1620 kg*5.0 m*s>- 8.10x 10* kg m s . The Packard has 


the greater magnitud: of momentum and — - 0.933 . 


(c) Since the cars stop the migiutude of the change in momentum equals the initial momentum. Since p t > p s . 

F>F and 0.9J3. 

F , P, 

(d) Since the cars stop the magnitude of the change in kinetic energy equals the initial kinetic energy. Since 

AT n > A,. F s >F, and —^^1 = 1.68. 

/.. A. 


EVALUATE: If the stopping forces were the same, the Packard would have a larger stopping time Kit would 
travel a shorter distance while stopping. This consistent with it having a smaller initial speed. 
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8.73. 


8.74. 


IDENTIFY: Use the impulse-momentum theorem lo relate tbc av erage force on the bullet* to their rate of change 
in monxntunv By Newton's third law. the average force the weapon exerts on the bullets is equal in magnitude 
ind opposite in direction to the recoil force the bullets exert on the weapwn 

SET UP: Consider a time interval of 1.0() minute. Let Lr be the direction of morion of the bulfel* and use 
coordinated fixed to the ground. The bullets start from rest. 

Execute: f*.* giv« r - ?I«h>x7.4S.io ■ kgH2*m», _ J64 N ^^ forcc „, 64N . 

60.0* 

EVALUATE: The change m momentum for each bullet is small since the mass is small, but over 16 bullets are 
fired per second. 

IDENTIFY: Find k for the spring from the forces when the frame hangs at rest, use constant acceleration equations 
to find the speed of the putty Just before it strikes th: frame, apply conservation of momentum to the collision 
between the putty and the frame and then apply conservation of energy to the motion of the frame after the collision 
SKI L’P: Use the free body diagram for the franK when it hangs at rest on th: end of the spring lo find the fcecc 
constant k of the spring. Let s he the amount the spring is stretched. 


Is (the spine 


Figure 8.74u 


Execute: ]T/\ - ma t . 
-mg+trmO. 


t (0.150 

i 0.050 m 

SET UP: Next find th: speed of the putty when it reaches the frame. The putty falls with acceleration a - g. 
downward. 


figure 8.74l> 

v 4 *0 

> m “ >i - 0.300 m 
a =■ +9.S0 nVi 1 
v = ? 

Execute: v = N /’o(v - y.) ^ ^2(9.S0 ml 1 (< 0.300 m| = 2.425 mi . 

SET UP: Apply conservation of momentum to the collision between the putty (A) and the frame (B): 


U.WOm 



before after 

Figure 8.74c 


P. is conserved, so -m A Y M - -( nt A r m k )v 3 . 
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S»:r UP: Apply conservation of energy to the motion of the frame on the end of the spring after the collision. Lei 
point I be just after the putty strike* arxl point 2 be when the frame has it* maximum downward dtsplacenxnt. Let 
J Lx the anxmnt the frame move* downward. 





When the franx: is at position 1 th: spring is stretched a distance v, - 0.050 m. When the frame is at position 2 the 
spang is stretched a distance x : - 0.050 m -t d. Use coordimtcs with the ^direction upward and y - 0 at the 
lowest point readied by the frame, so that v ■- J and v s - 0. Work is done on the franx by grav ity and by the 
spang force, so = 0 . and U = U d +U^ r 
Execute: AT, +(/, + - A\ r6\. 

K = iimf - 0.350 Ig j(1.3S6 mlf - 0.3362 1. 

U, = V, U *U ,... - ~t<'. * mgy, - i)29.4 N/m}(0.050 m) 1 +(0.350kg^.BO m«)rf. 

U, =0.03675 J.(3.43 N)rf. 

V, =b\.+ U, „. - Ihl * mgy, = 4< 29A »■!M0 050 m *d f. 

U t =0.03675 J '(1.47 N)di-(14.7 Wm]d‘. 

Thui 0.3362 J * 0.03675 J *(3.43 N)rf = 0.03675 I*(1.47 N)J*(14.7 N'm)/. 

114.7 Nm)rf’ -(1.96 N|rf-0.3362 1 = 0. 

d = (1 .'29.4 j 1.961 N l'( 1.96- 4( 14.7)( -0.3362) j m - 0.0667 m 10.1653 m 

The solution we want is a positive (downward) distance, so d - 0.0667 m + 0.1653 m - 0.232 m. 

EVALUATE: The collision is inelastic and mechanical energy is lost. Thus the dxreasc in gravitational potential 
energy is not equal to the increase in potential energy stored in the spring. 

8.75. iDE.MltY: Apply conservation of momentum fo the collision and conservation of energy *o the motion after the 
collision. 

SET UP: Let *.v be to the right. Th: total mass is m - - 1.00 kg . The spang has force constant 

1/ I 0 .50 N 3410 N. m . Let V be tlie velocity of the block just after impact. 


\ - 


Tvl 0.250x10 * m 


Execute: (■) Conservation of energy for the motion after the collision gives K imf* -4iv’ and 


K = x 


300 S/m 

150 m l I-^ 2.60 m s 


L00 kg 


<b> Conservation of momentum applied to the collision gives m^v, - mV . 

^=,1.00 . s ,,260 m'i)- :2Sro<t 

m**, 8 . 00 x 10 * kg 

EVALUATE: The initial kinetic eixrgy of the bullet is 422 J. The energy stcecd in the spring at maximum 
comprcssicei is 3.38 J. Most of the initial ircchanical energy of the bullet is dissipated in the collision 
8.76. IDE.MIEY: Hie horizontal components of momentum of the system of bullet plus stone axe conserved. The 
collision ts elastic if A', = A%. 




SET t T P: Let A be Ihc bulk! and B he the stone. 

(») 
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8.77. 


8.78. 


350 nV> 



n 


II, 


- tiv 


EXECUTE: P is conserved so t« 


F igure 8.76 

» V «U “ m A V 42* 


W |V. - hit.. 


P is conserved so ui A v 






4 V MU + m » V Mi> 


n 


n 




f 600 x 10 ‘ kg 


| 250 m'sj-15.0 m s 


V O HM) kg 
a^ 21 . 0 m'*» J +(l 5.0 m'if ^ 25.8 m's. 


an 


15.0 ms 


i 21.0 ms 


- 0.7143; 0-^35.5 o (defined in the sketch) 


(b) To answer this question compare A' and K i foe the system: 

K, - jW,'. 'i 1 **;, = y(6.00*10 • kgM350 ini)' -368J . 

*, a * i m A, ~rt 6 ' 00 * 10 ‘ 1(250 m i) 1 »4(0.I00 kgH^SS m.*} ! - 221 i 

AA‘ - K, - AT, -221 J -368 J =-14? J. 

Evaluate: The kinetic energy of the system decreases by 147 J as a result of the collision: the collision is itof 
clastic. Momentum is conserved because t - 0 and ^F m% t - 0. But there are internal forces between the 

bullet and the stone. These farces do negative work that reduces A'. 

lDf.MltY: Apply conservation of momentum to the eollision between the two people. Apply conservation of 
energy to the motion of the stuntman before the eollision and to th: entwined people after the collision. 

SET L ! P: Tor the motion of the stuntman, y, - \\ - 5.0 in . Let \\ be the magnitude of his horizontal velocity just 
before the eollision. Let The the speed of the entwined peopk just after the eollision. Let d be the distance they 
slide along the floor. 

Execute: (u) Motion before the collision: A, rl’, - A ; . . A, - 0 and iiwi* - <ng{ \\ 

V, = J2g(y t V 2 * 9 S° mV(5.0 m) - 9.90 nvl. 

kg 


C olliMon: - m M ) . i -— tv - 


19 91 ) m s) - 5 . 2 S in s . 


150.0 kg 

(b> Motion after the collision: A, + C\ -f IT ^ - A, ■* 6\ gives = 0. 

. y i (5-28 m's)* __ 

d -- 5.; m . 

2// k g 2(0.250X9.80 m'V) 

EVALUATE: Mechanical energy is dissipited in the inelastic collision, so the kinetic energy just after the collision 
is less than the initial potential energy of the stuntman. 

IDB11FY: Apply conservation of energy to th: motion befcee and alter the collision and apply conservation of 
monxntum to th: collision. 

SET UP: Let r h: the speed of the ma.es released at the rim just before it strikes the sccood mass. Let each object 
have mass m. 

EXECUTE: Conservation of energy says i?m\' - mgR; v - yj~gR . 
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8.79. 


8.80. 


8.81. 


Si:I UP: This is speed ». for the collision. Ld \\ be the speed of the combined object just after the collision. 


Execute: Conservation of momentum applied to the collision gives wi, - 2w\ ; . so v 2 - v,/2 - <JgR> 2 
SET UP: Apply conservation of energy to the motxm of the combined object after the collision. Let r, he the 
final height above the bottom of the bowl. 

Execute: 4<2»i)v; =<2ji )*>•,. 


' (s*i 


R 4. 


* 2 g\ 2 

Evaluate: Mechanical energy is lost in the collisxm. so the final gravitational potential energy is less than tlie 
initial gravitational potential energy. 

IDENTIFY: liqs. 8.24 and 8.25 give the outcome of the elastic collision. Apply conservation of energy to the 
motxm of the block after the collision. 

SET Up: Object B is the block, initially at rest. If L is the length of the wire and 0 is the angle it makes with the 
vertical, the height of the block is y - L(1 - cos0). Initially, i, - 0 . 


Execute: Eq. S.25 gives i 4 - 


2m 


w.+m. J l M + 


2 M 


[5.00 ms) - 2.50 nv's . Conservation of energy gives 


12.50 ms) 


- 0.262 and 0 - 68 . 


- cos O). cos 0 -1 - —— - I - - 

2gL 2(9.80 ms* )|0.500 m| 

Evaluate: Only a pmrtion of the initial kinct*: energy of the hall rs transferred to the block in the collision. 
IDENTITY: Apply conservation of energy to th: motion bcfcec and after the collision Apply cceiscrvation of 
monxntum to th: collision. 

SET UP: First consider the motion after the collision. Th: combined object has mass m k4 - 25.0 kg. Apply 
^ t' = ma to th: object at the top of the circular loop, where the object has speed \\. The accclcratxm is 
downward. 

y- 

Execute: r r mg - m -j-. 

Tlte minimum speed i, for the ertjeet not to fall out of the circle is given by setting T - 0. This gives v k a ^Rg. 
w'here R - 3.50 m 

SET UP: Next, use conservation of energy with point 2 at the bottom of the loop and point 3 at the top of th: 
loop. Take y - 0 at point 2. Only gravity does work, so K i ^U l - K> +U X 
Execute: = *"L*s|2/?>. 

Use \\ = ^Rg and solve for v % : v, - yjSgR -13.1 m's . 

SET UP: Now apply conservation of momentum to the eollisaon between the dart and the sphere. Let v, he the 
speed of the dart before the collision. 

Execute: (S.00kg)v a -|25.0 kg)( 13.1 ms). 
v, - 65.5 m's . 

EVALUATE: The collision is inelastic and mechanical energy is removed fn>m the system by the negative work 
done by the forces between the dart and the sphere. 

I DEN nFV: Use liq. 8.25 to find the speed of the hanging hill just after the collision. Apply ma to find 

the tension in the wire. After the collision the hanging ball moves in an arc of a circle with radius R - 1.35 m and 
acceleration a ta£ - v m R . 

SET UP: Let A be the 2.00 kg ball and li be the 8.00 kg ball For applying ma to the hanging ball, let 4y 

be upward since a . is upward. The free* body force diagram for the 8.(10 kg hall is given in Figure 8.81. 


Execute: \ 




4U 


212.00kg] 


15.00 m s) - 2.00 m s . Just after the collision the 


2.1X1 kg r 8.00 kg 

ball has speed i - 2.00 m s . l.'smg the free*body diagram. V /•’ - ma, gives T-mg - . 

v 2 \ ( , ( 2.00 m's f 

T^mlg +— ’ -(8.00 kg) 9.80 mV+ -_ 1-102 N. 

R i 1.35 m 
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B.H2. 


RJU. 


EVALUATE: Tlic (fliwm before the collision is the weigh! of the hall, 78.4 N. Just after the collision. when the 
ball has started lo move, the tension is creator than this. 


t 


my 

figure 8 JS 1 

IDI.VIUV: Tlir impulse applied to the ball equal* its change in momentum. The height of the ball and it* speed 
ire related by conservation of energy. 

SFr Uft Let * i be upw ard. 

EXECUTE: Applying conservation of energy to the motion of the ball from its bright h lu the floor gives 
~mv{ - mgh . where \ is it* sjved just before it hits the floor. Just before it hits, it i* traveling downward, so die 
velocity of the hall just before it hits the floor is r, f - —yj2gh . Applying conscrvataan of ener g y to the motion of the 
ball ftoni just alter it bourxc* oirthe flixir with *pecd \\ to its maximum height of O.WA gives J - w;(0.9QA). 
It n moving upward, so v. f - *t^2g(0.90A). The impulse applied to the ball is J^ - p, - p % - m(» Jf - v ) - 
nr^jjlO.MOFj) -f - 2.76mThe flour exert* an upward impulse of 2.76m Jgh to the ball. 

EVALUATE: Tlic impulse increase* when m increases and when h increase* The hall does tun return to its initial 
height because umv trcchanical energy is dissipated during the collision with the floor. 

IliEN’IUV : Apply conservation of momentum to the collision between the bullet and the block and apply 
conservation of energy to the motion of the block after the collision 

(at St I If: Collision between the bullet and the block: Let object A be the bullet and object ii be the block. 

A rally momentum conservation to find the speed »’ 4i of the block just after the collision. 


* v.,- 41 x 1 m 1 * 








1E1_ 


120 tiV* 


■«- 


EXECUTE: 

m \ u m 


Figure 8.83a 

P it conserved so tn # r lh -«r 4 v^ + 

4.(0* 10 1 lu I 400 m* -120 ms i 


= 1.40 in* . 


m, d.hOOkg 

Srr Uf: Motion of tlie block alter the collision. 

Let pusnt I in tltc nxitxm he just alter the collision, where tlx block has the speed I. 
let point 2 be when: the bkiek has come to rc*t. 

i ft - 1.4) ms 


tv's calculated abuse. 


20 


!iEL 


-0.450 m - 

Figure i.lDb 

Xt+U'+n'+.-Ki+Vi. 

EXEC UTE: Work it done on the block by fnction. so fT ltl , - IF,. 

= if ■(/; cusp|f --/ t a = -ftflup. where **0.450 m 

£/,=a, t/,* o 

K t - Lim,\ Kj - 0 (block has come to rest) 

Thu. W- a 




11.40 m»V 


2 j»> 80 tn* 1 )( 


-0222 


1450 
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8.84. 


8.85. 


8 . 86 . 


<l>) For the biilkM, 

A', -4nn' *4(4.00*10 kg|(4(H) m sf - 320 J . 
A, = ^mv! = 4(4.00x 10 1 kg)|120 m's)* - 28.S J 


AA = A, - A, =28.8 J-320 J- -291 J 


The kinctK energy of the bullet decrease* by 291 J. 

(c) Immediately after the collision the speed of the block is 1.40 ms so its kinctK energy k 
A - 4ml * = 4(0.800 kg 1(1.40 mb)* =0.784 J. 

Evaluate: The collisxm is highly inelastic. The bullet loses 291 J of kinetic energy but only 0.784 J is gained 
by the Week. But momentum is conserved in the collision. All the momentum lost by the bullet is gained by the 
block. 

IDENTITY: Apply conscrvatxm of momentum to the callisicai and conservation of energy to the motion of the 
block after the collision. 

SET UP: Let *x be to the right. Let the bulfcl be A and the block be B. Let Abe the velocity of the block just after 
the collision. 

Execute: Motion of block after the collisxm: A ( = U ^= m^gh . 

V - - ^'2(9.80 nvr)t0.450« 10 ■ ml - 0.297 in % . 

Collision: = 0.297 m's . P lt - ft, gives m A v M - m A v Ai -f m i v JJ . 




„ (5.1X1.10 1 kgX4S0nv*>-<I.IMkgH0.29? m>| 

500.10 ’ kv 


- 591 m*. 


EVALUATE: We assume the block moves very little during the time it takes the bullet to pass through it. 
IDENTITY: Eqs. 8.24 and 8.25 give the outcome of th: clastic collision. The value of M where the kinctK energy 


loss A of the neutron is a maximum satisfies JK 




= (l 


SET Up: Let object A be the neutn>n and object B be the nucleus. Let the initial speed of the neutron be v M . All 
motxm is alcoig the .v»axis. A = * . 


Execute: m v Ai 


m t M 




2m* M x AKjuM 

-\;-. as 

l .i f + mV (A/ -t 


was to be shown. 


23/ 




(b) t,A ^‘ - 4A,mI--- - 0. -- 1 and M - m . The incident neutron loses the most 

<!\4 |<Af + mr (M *f m) J .1/ + 

kinctK energy when the target has th: same mass as the neutron. 

(c) W'hcn m a - nt rf , Eq. S.24 says \ ai - 0. Th: final speed of the neutron is zero and the neutron loses all of its 
kinctK energy. 

Evaluate: When M » m . * -V 1|J and the neutron rebounds with speed almost equal to its initial qiccd. 

In this ease very little kinetic energy is lost; A^ - 4K/ntM , which is very' small. 

IDENTITY: Eqs. 8.24 and 8.25 give the outcome of the clastic collision. 

SETUP: Let all the motion b: along the vaxis. v =r . 


Execute: (ut v a >. - 


ind v klA = 


bn 


m. r m 


v v . k - fin,.,-;. 


- W. = •«/ !"•«-”> f .•? -f5il2Lt K.m I £iL-f "■'"Q 1 . 

-T ol - , «. -7™.I 

V m • 




K > K +m *l 


|b)(i) For ni, aa., iii-0 anil £ii.-I. (inFar m. -5m,. —— ami Ai_ il 


A. v 


A. 9 
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8.87. 


K K \ 

(c) Equal sharing of the kinetic energy nxans -Lli- 

A' A 2 



2 ‘ 


2 m* ♦ 2m* - 4/iryif, - m\ -t 2m/n g + w*. mj - 6ni 4 m rf ♦ - 0. The quadrat*: formula give* — - 5.83 »>r 

^-= 0.172. We can also verify that these values give - i 

A', 2 

EVALUATE: When nt t « m A or when m a » m*. object A retain* almost all of the original kinetic energy. 

I DEN nh: Apply conservation of energy to tlx nxitxin of the package before the collision and apply 
conservation of the hon/ontal component of monxntum to tlx collision. 

(a) SEI UP: Apply conservation of energy to the motion of the package from point I as it leaves the chute to 
point 2 just before it lands in the cart. Take y - 0 at point 2. so y, = 4.1X1 m. Only gravity docs work. so 


8 . 88 . 


8.89. 


Execute: jmv? + mgy % = inn*?. 
v, = yjvi -t 2g%\ - 9.35 m s. 

<b) SET Up: In the collisii>n between tlx package and the cart momentum is conserved in the horizontal direction. 
(But not in the vertical direction, dix to the vertical force the floor exert* on the cart.l Take +x to be to the nght. 
Let A be tlx package and B be the cart. 

Execute: P t i* constant gives m A v Ait *f - (m A -f m k )v ]t . 

v ktl = -5.00 ms. 

v*,, -13.00 m s|co*37.0‘ . tTbe horizontal velocity of the pxkagc is constant during iLs free-tall.) 

Solving fee Vj, gives v 5t = -3.29 m's. The cart is moving to the left at 3.29 m's after the pickage lands in it. 
Evaluate: The cart i* slowed by* it* collision with the parkage. whose horizontal compocxnt of momentum is in 
the opposite direction to the motion of the cart. 

IDENTIFY: Eqs. 8.24. 8.25. and 8.27 give tlx outcome of the clastic collision. 

SET UP: Tbc blue puck i* object A and the red puck is crtjcct B Let *.y be the direction of the initial nxitxm of A. 

v«! -0.200 ms. v,*, =0.050 m s and i iU -0 

Execute: (a) Eq. 8.27 gives v kit - v Alt - v Mt +v A , - 0.250 in s . 


|l>> E|. K.2S give* m, 2-il-l 

kiA 


((MXIOO 



5.200 m * 


v Wj ) K L0.250 m’sj 

Evaluate: We can verify tliat our results give A, - A\ and P it - P u . 
(a) IDENTIFY* and SEI Up: A - 4-m A v\ + ±iw 4 v£. 


- 0.024 kg . 

as required in an clastic collision. 


Use r A - v t + r t-> and v k • r' rf ♦ \\ m to replace v, and v, in this equation. Note v A and v M as defined in tlx 
problem arc the vckioties of A and B in coordinates moving with the center of mass. Note also that 
m t r A ♦ m k v k - .Ifr, where is the velocity of the car in these coordinates. But that’s zero, so 
rrt % v A + m*»v = 0* CJn usc lEi* i n *hc proof. 


In pirt lb), usc that P is conserved in a collision 
Execute: v a - w A ♦ v.. so S A = v a 2v A • v UM . 


-v* + 




(We have used that for a vector A. A' = A A.) 
Thus A - fn • ■ Z »*.. -• 


\ m A + m M )v J . + ±{mS; + m//i ) +1 mj? 4 + ) • r... 


But .1/ and as noted earlier mjP M + - 0. so A - thc rcxuj! thc 

problem asked us to derive. 

<b) EVALUATE: In tbc collision P - XfV m is constant. » ^A/v^ stays consiant Tlx asteroids can low all their 
relative kinetic erxrgy but thc must renuin. 
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8.90. iDKvnn: Eq. 8.27 describes the clast* collision, with a replaced by v. Spred and height are related by 
conscr\'at:on of energy. 

SET UP: Let be upward. Let A be the large ball and B be the srmll ball, so i it - -v and v M% = -H*. If the 
large ball has much greater mass than the small ball its speed is changed very little in the collision and v A}% - +v. 
Execute: (m »■„, -v„, give* v tt , -■•>•,,, -i„, = »—(-v)+v=+3v. The '•null ball 

moves upward with speed 3v after the collision. 

<l>> Let h x K: th: height the small ball fell before the collision. Conservation of ercrgy applied to the motion from 

the release point to tK: flair gives U - K and Mgh - 4«iv*. /i-Conservation of cncnrv applied to the 

motion of the smill ball from immediately after the collision to its maximum height A. (rebound distance) gives 

A' - U 3 and ?rvr(3v)* - mgk .. k. - — - 9/^ . The ball’s rebound distance is nine times the distance it fell. 

EVALUATE: The mechanical energy gained by the small hall conxs from the energy of the large Kill. But since 
the large ball's mass is much largeT it can give up this energy with very little decrease in speed. 

8.91. IDF.M1FY: Apply conservation of momentum to the system consisting of Jack. Jill and the crate. The speed of 
Jack or Jill relative to the ground will be dilTerent freon 4.00 mfe. 

SET UP: Use an inertial coocdimtc system attarhed to the ground Let \v be the direction m which the people 
jump Let Jack be object A . Jill be £. and the crate be C. 

Execute: (u) If the final speed of the crate is »\ v rl . = -»\ and v Alt - - 4.00 m s - v . P 3l - P lt gives 

t^jtw^-0. (75.0 kg it 4.00 ins-i) + (4S.O kgW4.IXI m s - v) + (15.0 kgX~v)-0 are! 

v - , 7 5 -Ofcg^5.:k g H4.0Qm.- a , J>56 ^ 

75.0 kg+ 45.0 kg + 15.0 kg 

< l>) Let v be ih: spxd of th: crate after Jack jumps. Apply momentum conservation to Jack jumping: 

<75.0 Icc K4 1X1 mi - v’l * 160.0 ke M ->') - 0 and i' 1 " kfMl1 " 1 ' ms> - 2.22 mb . Then apply mocnenlum 

135.0 kg 

conservation to Jill jumping, with » being the final speed of the crate: P t - P 2t gives 
(60.0 kgK-v) = (45.0 kg(4.<» mf% - v) + (15.0 kgX-v). 

v (4S.0kgX4.00 nvs) + <60.0kgX2.22 ms) $ „ ^ 

60.0 kg 

(c) Repeat the caVrulation in (b). but now with Jill jumping first. 

Jill jumps: (450 kgX4.00 ms->0 + (90.0 kg)-»')^ 0 and ifsl.33m's. 

Jack jumps: (90.0 kg) ->') - (75.0 kg)4.00 m s - v) + (15.0 kgK-v) . 


(75.0 kg)f4.00 ms)+ 190.0 kg)1.33 m s) ^ ^ 

90.0 kg 

EVALUATE: The final speed of the crate is greater when Jack jumps first, then Jill. In this case Jack leaves with a 
speed of 1.78 ms relative to the ground, whereas when th^* both jump simultaneously Jack and Jill each leave 
with a speed of only 0.44 m’s relative to the ground. 

191 iDf.N iif^ : Momentum is conserved in the explosion. The total kinetic energy of the two fragments rs Q. 

SET UP: Let the final speed of the two fragments be v 4 and v A . They must move in opposite directions after the 
explosion. 

EXECUTE: (u) Since the initial momentum of the system is zero, conservation of moment u m says m a v A — 

i 


n 


— K- K a +K m mQ gives + ±m k \ | v^{3. 1+- ±\mQ . 

m 


n 


. K M *Q-K A *d 1 . Mi ’ 

I +m a /m g {m A + m M ) \ 

(b) If m M - 4m t . then K A and K M - jO . He lighter fragment gets 80% of the energy that is released. 

EVALUATE: If nt t - the fragments sliare the energy equillv. In the limit tKit m g » m th: lighter fragment 
gets almost all of the released cncriry. 




Monxntum, ImpuLsc. and Collisions 8-29 


<.93. IDENTIFY: Apply conservation of momentum to the system of the neutron and its decay products. 

Si:r UP: Let the proton be moving in the *.y direction with speed \' f after th: decay. The initial monxntum of the 
neutron is zero, so to conserve momentum the electron must be moving in the -x direction after the doray. Let the 
speed of the electron be v . 


EXECUTE: P u - P, gives 0 - m t ,ty - m,i. and »•, -| — |iy. Th: total kmebe energy after th: decay iv 


1 

" M — - Z"Vt — 

ttt ‘ ft r 


Thus, h- - L 

A',. 1 + *,' 


5.44 x 10 - 0.0544% . 


I + IK36 

Evaluate: Most of the released energy goes to the electron, since it is much lighter than the proton. 

<.94. iDt.Min: Momentum is conserved in the decay. The results of Problem 8.92 give the kinctx energy of each 
fragnxnt. 

SET Up: Let A be the alpha particle ami to B he the radium nucleus, so m, tm g - 0.0176. Q - 6.54 x 10 11 J . 
O 6.54x 10'° J 


EXECUTE: K - 


6.43x10 J and A = 0.11*10 i . 




1 + 0.0176 

Ev aluate: The lighter partxlc receives most of the released energy. 

<-95. IDENTIFY: The momentum of th: system is conserved 

SET UP: Let ».v h: to the right. P t - 0. . p mt and / M| are the momenta of the electron, polonium nucleus and 

antineutrino, respectively. 

EX».f HE: /;.=/•, gives = 0 . * -(p„ . pj. 

/»„ =-<5.60x10 “ kg-m's*|3.50» 10 a kgl-l.14.10* ms|> =-1.66.10 11 kg-m's. 

The anlincuirlno has momentum ti> the left with magnitude 1.66.10 “ kg m s . 

EVALUATE: The antmeutrino interacts very weakly with nutter and most easily shows its presence by the 
monxntum it carries away. 

<.96. IDENTIFY: Momentum ccmporxnts in the .y andy directions are separately conserved. For an elastic collision 

SEltiP: v, u « -0 . »tt.,cow. » Ul ■v a mo . a*„cciff , i„, =-v,,sino . 

sin* 0 + cos* O - 1 . for any angle 0 . cosiV/ r //) - cos r/ cos//-.sin r/ sin/?. 

Execute: i a> P Xt -A. gives m A v A - m A v Ai coia + WjV^cos fi . 

P Xf = gives 0 a m A v Al sin a -m g v M1 sin p. 

<b> - /w^v^scos *a + m jvjjcos* /? + 2 m/n y r Ai v Ai cos cos/? and 

Oiwli'JjSn'fl + iirJvjjsin' p-2m A m A v Al Y ii %ina%mp. Adding these two equations and using the trig identities in 
the SIT UP step gives mjvj, - ujvj, + ■* 2/w 4 « J v 4i v, J CQS<a + /?). 

(c> A' - A' savs r -mi . The result in part |b>agrees with thes expression only if 


8.97. 


cosfa + fl) - 0 . This requires that <* + /? -90°- — rid 

Evaluate: The result of part <c) says that the two protons move in perpendicular directions after the collision. 
I DEVI 11N and SET Uf: 



Figure 8.97 


P t and P t are conserved in the collision since there is noexterml horizontal f«ce. 
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8.98. 


8.99. 


8.100. 


The result of Problem 8.96 part (d I applies here since the collision is clastic This says that 25.0 5 + O k - 90°. so that 
0 M - 65.0 s . {A and D move off in perpendicular directions.) 

Execute: P t is conserved so m t v AU sfif/jj, + . 

Hut m A -m M so v M * v Ai cos25.0*+ v #J cos650 p . 

P. W conserved ki >h,v',,. * = *,v„, * . 


0 a v «i, * v ti, ■ 

0=v^™ 25.0°-v w ™ 65.0". 
v eJ =(nn 25.0"/™ 65.0°) v 4j . 

,, . . , , „„ / nn2S.0°cod65.0" 

This resuh in the first equition gives v M - v ti cos25.0* i -n.%. 


xuiftS.IT 


L.103i- 


= i^,/L103 = fl5.0 in s) 1.103- 13.6 m s. 

And then -(an 25.0°.'sin65.0 s )(13.6 m s) -6.34 m s. 

EVALUATE: We can use our numerical results to show that A', - K l and that P lt - A t and P lf - A.. 

IDENTIFY: Since there is no friction, the horizontal component of momentum of the system of Jocuthan. Jane and 
the sleigh ix conserved. 

SET L*P: Let ♦ * be to the right w A - 800 N , »v. - 600 N and w c - 1000 N . 


Execute: P„ - P u give* 0 -m.*m\ cll . v ti , - 


i*ii. 


• "Vn. 


IVi 


(800 NM-I5.00 m’s|cos30.0 c }^(600 X)(+{7.00 m*Icos36.9 5 l 

ICK10 N 




- -0.105 m i . 


The sleigh’s velocity is 0.105 m s. to the left. 

Evaluate: The vertical component of the momentum of the system consisting of the two people and the sleigh 
is not conserved, because of the ret fcece exerted on the sleigh by the see while they jump. 

IDENTIFY : In l:q. 8.28 treat each straight piece as an object in the system. 

SET UP: The center of mass of each poecc of length /. is at its center. 

Execute: (u) From symmetry, the center of mass is on the vertical axis, a distance (Li 2)cos(«/2) below the 
apex 

(b) The center of mass is on the vertical axis of symmetry, a distance 2 {L /2)/3-Z./3 above the center of the 
horizontal segment. 

(c) Using the wire frame as a coordinate system, the coordinates of the center of mass are equal and each is equal 
to (£/2)/2 - L t 4 . Th: center of mass is along the bisector of the angle, a distance L ^8 from the corner. 

(d) By symmetry, the center of mass is at th: center of the equilateral triangle, a distance (Li'3)sin60’ - Li >J\2 
above the center of the horizontal segment. 

Evaluate: The center of mass need not lie on any point of the object, it can be in empty space. 

IDENTIFY: There is no net horizontal external force so v^ m is constant. 

SET UP: Let ♦ x h: to the right, with the origin at the initial position of the left hand end of the canoe. 
m % - 45.0 kg . m rf - 60.0 kg . The center of mass of the canoe is at its center. 

Execute: Initially. v„ - 0 . so the center of mass doesn’t move. Initially, av., H±L*i —Hklii After she 

trr A + m„ 

walks, x - —!— -——. x^ mt - x\ la3 gives nt t x Al + ut^t k - . She walks to a point 1 .X in from 

the right-hind end of the canoe, so she is 1.50 m to the nght of th: center of mass of the canoe and 
x ti =x kX + l.50m . 


(45.0 kgKI.OO m) + (60.0 kgK2.50 m) = <45.0 kg*.r w + 1.50 m( + <60.0 kg>r w . 


(105.0 kg)x j; -127.5 kg m and x i2 - 1.21 m . x ki - x Al - 1.21 m - 250 m - -1.29 m . The canoe moves 1.29 m 
to the left 
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Evaluate: When the woman walks to the right. th: canoe moves to the left The wonrnn walks 3.00 m to th: 
right relative to the canoe and the canoe move* 1.29 m to the left, so she moves 3.00 m -1.29 m - 1.71 m to the 
right relative to the water. Note that this distance is | 60.0 kg/45.0 kg HI 29 m). 

IDENTITY: Take as the system you and th: slab. There is no horizontal force, so hnn/ontal momentum is 
conserved By 1-q. 8.32. P is constant t is constant I for a system of constant mass). Use coordinates fixed to 
the ice, with the direction you walk as the x-direclion. »' is constant and initially v - 0 . 



Figure 8.101 

,. = +">. = o 

"V™. 

+m,r 4 - 0 
irr^v^ + m - 0. 

- -( m f fm % )»;. - -( i$m p )2.00 ms - -0.400 nt s. 

The slab moves at 0.400 m s in the direction opposite to the direction you arc walking. 

Evaluate: The initial momentum of the system is zero. You gain momentum in the t- a- direction so the dab 
gains momentum in the -.r-direction. The slab exerts a force on you in the +x*dirccboo so you exert a force on 
the slab in the -x-direclion. 

IDENTIFY: Conservation of x and \ components of moircntum applies to the collision. At the highest point of the 
trajectory th: vertical component of the velocity of the projectile is zero. 

SET UP: Let ♦ r be upward are! be horizontal and to the right. Let the two fragments be A and each with 
ma.es m. For the projectile before the explosion and the fragments after the explosion. a t -0. a t - -9.80 m's* . 
Execute: (a) y; - I l f + 2<r,(y-.V|) with v t -0 gives that th: imximum height of the projectile is 

k - - -- , l vl ^ 1 J 1 244.9 m . Just before the explosion the projectile is moving to the right with 

horizontal velocity v - v tt - cos 6*1.0° - 40.0 m s . After the explosion — 0 since fragment A falls vertically. 
Conservation of momentum applied to the explosion gives ( 2m II 40.0 in s i - ijiv and v - 80.0 . Fragnvnt B 


i - .J 


has zero initial vertical velocity so >’->*„ - v v i at gives a ti 


Lime of tall of 


f = 


2A I 2(244.9 ml 
7\ -9.80 m l 


7.07 s . Dunne this time the fragment travels hori/ontallv a distance 


(80.0 nv*X7.07 s) - 566 m . It also took the projectile 7.07 s to travel from launch to maximum height and during 
this time it travels a horizontal distance of ([80.0 m s|cos6O.0°)(7.O7 %) - 283 m . The second fragment lands 
283 m -t 566 m - 849 m from the firing point. 

|h> For the expiation, K, ^ i(20.0 kgK40.(> nvi> ; - 1.60-10 4 J . K s - iflO.O kgMSO.O m's> ! - 3.20 x 10' 1 . The 
cncrL'y released in Ihe explosion is 1.60-10‘ J . 

EVALUATE: The kinetic energy of the projectile JtiU after il it launched ix 6.40 * 10' J We can calculate the 
speed of each fragment just be free it strikes the ground and verify that the total kinetic energy of the fragments just 
before they strike the ground is 6.40 x 10* J ♦ 1.60 * 10* J - 8.00 * 10* J . Fragment A has speed 69.3 m s just before 
it strikes the ground, and hence his kinetic energy 2.40 x 10* J . Fragment B has speed 

Jl SO.O nn)' r <69.3 m *) ! - 105 -K m ’s just before it strikes the ground, and hcn:c has kinetic energy 5.60 x 10* J 

Also, the center of mass of the system has the same bonzontal range R - ^-sin( 2r/ t ) - 565 m that the projcctik 

would haw had if no expkisinn lud occurred. One fragment lands at Rf 2 so the other, equal mass fragnient lands 
at a distance 3/?/2 from the launch point. 

IDI.MITY: The rocket moves in projectile motion before the cxplosxm and its fragments move in projectile 
motxm alter the cxplosxm. Applv conservation of energy and conservation of momentum to the explosion. 




8-32 Chapter 8 


SET UP: Apply conservation of energy to the explosion. Just before the explosion the shell is at its rmximum 
height and has zero kinetic energy. Let .*1 be the piece w ith mass 1.40 kg and U be the piece with mass 0.2S kg. Let 
v A and be the speeds of the two pieces immediately after the collision. 

Execute: ?m A v A + - 860 J 

SET Up: Sirxc th: two fragments reach the grouixl at the same time, their velocities just after the explosion must 
be horizontal. The initial momentum of the shell before the explosion is zero, so after the explosion the pieces must 
be moving in opposite hon/xmtal directions and have equal imgnrtudc of momentum: m A v A - m v v t . 

Execute: Use this to elimimte v A in the tint equation and solve for v,: 

+ m M fm t )- 860 J and v t = 71.6 mis. 

Then v A - (in* /m A )i'j - 14.3 nvs. 

<b> SET Up: Use the vertical motion from the maximum height to the ground to find the tinx it takes the pieces to 
fall to the ground after the explosion. Take +y downward. 

v 0 , =0, a, - -t9.80 m x\ y - y 0 - 80.0 m / = ? 

Execute: v-y 0 - V gives / = 4.04 %. 

During this tm>: the hon/ontal distance each piece moves is x A - vj - 57.8 m and x M = vj - 289.1 m. They move 
in opposite directions, so they arc v 4 -t x A - 347 in apurt w hen they land. 

EVALUATE: Fragment A has nnorc mass so it is moving slower right after the collision, aixl it travels horizontally 
a smaller distance as it falls to the ground. 

8.1IV4. iDLMltY: Apply conservation of momentum to the collision. At the highest paint of its trajectory the shell is 

moving horizontally. If one fragment received some upward momentum in the collision, the other fragment woukl 
have had to receive a downward component. Since they each the ground at the same time, each must have zero 
vertical velocity immediately after the cxplosicoi. 

SET UP: Let ♦.v be hon/ontal, along the initial direction of motion of the projectile and let ♦> be upward. At its 
maximum height the projectile has v t - r t cos55.0° - 86.0 rtts . Let the heavier fragnxnt be .1 and th: lighter 
fragment be B. m t = 9.00 kg and m M - 3.00 kg . 


EXECUTE: Since fragment .1 returns to the launch pnint, immediately after the explosion it has v At - -86.0 m s . 
Conservation of momentum applied to the explosion gives 

(12.0 kg *86.0 m s) - <9.1X1 kgK~S6.0 m s) + (3.00 kg)v A and v ft - 602 m s . The horizontal range of the 
projectile, if no explosion occunvd. would be A? ——suit 2a t ) - 2157 m . The horizontal distance each fragment 


travels is proportional to its initial speed and the heavier fragment travels a horizontal distance Rf 2 - 1078 m after 

the explosion, so the lighter fragment travels a hon/ontal distance j-' (1078 mf - 7546 m from the point of 

■ 86 m 


explosion and 1078 m -t 7546 m - 8624 m from the launch point. The energy released in the explosion is 
K t - K - 7(9.00 kg)(86.0 mi)'.7(3.00 k S M60’ mi) 1 -i(12.0 kg><S6.0 mi)' -5.33.10 1 J. 

Evaluate: The center of ma.es of the system has the same horizontal range R - 2157 m as if the explosion 
didn’t occur. This gives (12.0 kgX2 157 ml - (9.00 kgXO) -f (3.00 kglrf and rf - 8630 m . where rf is the distance 
from the launch point to where the lighter fragment lands. This agrees w ith our calculation. 

8.105. IDIAIIFY: No external force, so P is conserved in the collision. 

SET Up: Apply momentum conservation in th: x and y directions: 


h?l.w 

Figure 8.105 




Solve ft»r v and 
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Execute: P. is conserved so m\\. - jh(V|Cqs 45° + iy casl0*+ v, cos 30*). 
v 4 - vy cos 10* - i*, co*45° + v\ cos30° . 

1030.4 m s - v, cos 45° ♦ v a cos30°. 

P, is conserved so 0 - m (r, sin 45* - v> sin 30° •* ly sin I0‘). 
v, sin45° - Vj sin 30® - 347.3 m s . 
sin4S°-cos45* so 

1030.4 ms- »\sin30°-347.3 m's-t v 1 cos30°. 

1030.4 ms r 347.3 m s 


1010 in s. 


sin 30° -cos 30.0° 


And then v - —!-_L_ - 223 m s Then two emitted neutrons have speed* of 223 m s and 1010 m s. 

sin 45° 

The speed* of the Da and Kr nuclei an: related by P s conservation. 

P is constant implies that 0 - i» 4ta vy ta - nt. v 


\ ! 2.3x10'“ kg 


U I— 


I.Si- . 


. 5 x 10 - k 

We can’t ay what these speeds are but they must satisfy this relation. The value of depends on energy 
consicfcraticms. 

Evaluate: AT, ->.(3.0*I0‘ m,i)' -(4.5-10* J.Vg)oi.. 

A', (2.0x10* m %)' + 4 m. (223 ml)"' .->1.(1010 mlf . A'*. + A'„ =(2.5»I0* Jkgjo, - .A'„, 

We don’t know what K ^ and K Kt are. but they are positive. We will study such nuclear reactions further m 
Chapter 43 and will find that energy is released m this process: K 1 > AT,. Some of the potential energy stored in the 
' 4 U nucleus is released as kinetic energy and shared by the collision fragments. 

IDENTIFY: The velocity of the center of miss of the system of the two blocks is given by Eq. 8.30. Conservation 
nf momentum says the center of mass moves at constant speed. 

SET UP: v au — v*, v tli - 0 . The velocity u in the center of mass frame is related to th: velocity * in the 
stationary' frame by M • * - ! ^. We can express kinetic energy as K - ^—. 


Execute: M y m * — 

(b| The center of mass moves with constant speed so this coordinate svstem is an inertia! frame 


m .v 


— In this frame P. - mm., + t»ji.. - 0 . 


f c > “ » 4 u " v -r. = — : -• »ji. * v au “ v ». * — 

m A + m k + 

|d> P u =/> u =0 S iv « P tl + P*u “° Pau+Pvl ^°' 10 p and p ^-o . Consenatwnof 


kinctx energy gives 


PtXi Pil i P<U\ Pk \. 


+ Using Pni—Ptu and Pgu *- Pma gives - p\> and 


2m A 2m v 2m A 2 jji u 

P 4 U &± Pau- If a collision occurs p u changes and p 4U =-p Ali But p AU = -p, ; . and p^ t *-p Mu >*o 
p kit - -/? 4U . In Ihc center of mass frame the momentum and hence the velocity of each puck keeps the saitx 
magnitude and reverses direction. 


I') v.„ -l ? ‘ <H . >kg ||60Qn »)-4 


m*. i< 4U -6.00 m s-4.00 m s - 2.1X1 m’s . 


0.600 kg; 

u AU -0-4.00 ms - -4.00 m s . it.. = —2.1X1 m s and - *4.00 ms 




1 ♦ i’- - -100 m s -t 4.00 m s - 2.1X1 m s. v AU - u n . + v* - 4.00 ms * 4.00 ms - 8.00 ms . 


0.400 kg -0.200 kg 

lie. K.24 savs v,.-—---- 1(6 <0 m si - 2.00 m s . Uii. 8.25 say* 


0.400 kg -t 0.200 kc 


- 1 - k - 1 -[( 6.00 ml)- 8.00 ml. 


0.400 kg * 0.200 kg l 


Our result agrees with l:qs. 8.24 anJ S.25. 




M4 < haptcr 8 


Evaluate: Lq*. K.24 and 8.25 apply only when v M - 0 . The result that the velocity of each pock in the center 
of mass tram: reverie* direction and retain* the umc magnitude applies to all clasta: collisions, even when both 
arc moving initially. 

<.107. lDl.viitv and SKI Up: Apply conservation of energy to find the total craggy before jnd after the collision with 
the floor from the initial and final maximum bright*. 

Execute: (a) Objects stick together says that the relative speed after the collisicxv is /cm. so e - 0. 

<b) In an elastic collision the relative velocity of the two bodies has the same magnitude before and after the 
collision, so 1 = 1 . 

(c) Speed of ball just before collision: mg/i - iimf . 

V - figh 

Speed of bull just after collision: w#//, = -tnv!. 

V, = yjlgHi 

The second object (the surface) is statxmarv, so € - Vj/v ( - ^TTTh. 

<d) c - y jH l k implies =(1.2 m)(0.85)* -0.87 m . 

<e) //, =/»<*'. 

//, ^ Hr = h < 4 . 


8.108. 


8.109. 


Generalize to //^ - //^f 1 - Ar* * V - ht u . 

(0 Kth houncc implies n =8. 

//, ^ = 1.2 m(0.S5|“ ^ 0.089 m . 

EVALUATE: * is a measure of the kitxlic energy lost in the collision. The collisicei here is between a ball and the 
earth. Monamtum lost by the bull is gained by the earth, but the velocity gained by the earth is very small and can 
be taken to be zero. 

IDEMIFY: Momentum is conserved in the collision. Conservation of energy says Af» - A', r A . 

SET UP: For part (b) let »•, be the common speed of each atom before the collision and let I * and r, h: th: 
velocities after the collision of the molecule and th: atom that retrains, ui - 1.67 x |(l * kg is the mass of one 
hydrogen atom. 

EXECUTE: la) In the center of trass frame P u - 0 so P u - 0 and \\ mi - 0. Hut in this frarra the potential energy 
decreases and the kinetic energy increases. This is irxonsistcnt with AT..,. - ~ 0 • 

(b) Before the collision v B - 0 . After the collision the molecule and retraining atom move in opposite directions 
and - mi,; y % « 2V . Conservation of energy gives 4<2t»»)l' i ♦ ^ 3<fn«£)* * A. With v t = 2V this 

becomes V* —. Vm L|1.00x 10* mfsf + - I20x 10* m s and r, - 2T' - 2.40 x 10 4 m s . 

3m 3(167110*, 

Evaluate: K = 3(^mv^ } - 2.50x 10 ; J . which is much less than the binding energy of the molecule. Other 

initial conditions also lead to molecule formation; the one of zero initial monxntum is just particularly simple to 
analyze. 

I DEN I1PY: Apply conservation of energy to the motion of the wagon before the collision. After th: collision the 
combined object moves with constant speed on the level ground. In th: collision the honzontal component of 
monxntum is conserved. 

SKI Up: Let the wagon be ctojcct .*1 and treat the two people together as object D. Let *x be horizontal and to the 
right. Let Kbe the speed of the combined object alter the collision 

EXECUTE: (u) The speed v Al of th: wagon just before the collision is given by conservation of energy applied to 
the motion of the wagon prior to the collision. V x - Af 3 says *><#(150 m||sin6.0°]) - »•*,. v,, - 10.12 m s . 


P { , - P 2t for the collision say* -(w, + m M )F and V - 


_ 300 kg _ 

300 kg ♦ 750 kg + 60.0 kg 


(10.12 mfc) - 6.9K m s . 


In 5.0 s the wagon travels (6.9S m sHS.O s) - 34.9 m . and th: people will have time to jump out of the wagon 
before it reaches the edge of th: dHT. 
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(b) For the wagon. AT, - t( 31X> kg X10.12 m sf — 1.54 x 10* J . Assume that the two heroes drop from a small 
height, so their kinetic energy just brforc the wagon can be neglected complied to A, of the wagon. 

K, = 41435 kgH6.9K nn's> 2 - 1.06x10* J . Tbc kinetic energy of the system decreases hv AT, - K : - 4.Hx 10* I 
Evaluate: The wagon SHOW'S down when the two henxs drop into it. The miss that is moving horizontally 
increases, so the speed decreases to maintain the same horizontal momentum. In the collision the vertical 
morrcntum is not ccmsen ed. because of the rvt external force due to the ground 

IDENTITY: Gravity gives a downward external force of magnitude mg. Tbe impulse of this force equals the 
change in momentum of the rocket. 

SET LP: Let »r he upward. Consider an infinitesimal tinx interval*//. In Example S.15. i tt - 2400 m’s aixl 

— - - —— . In Example 8.16. m - rr.,/4 after / - 90 s . 
dt 120 s V 

Execute: (u) The impulse momentum theorem gives -my.dt - I m t dmMv + dv) -t frfci II v - v* ) - mv . This 


simplifies to -mgdi - md\'+ v dm and m— - —v - mg . 

di “ dt 

. dv v* dm 

11*> tf-— 


(c>Al (-0, a m -——-g- -(24CXI mis 

m i/l 




in f ^ 10.2 mb '. 


<d | dv - ——dm - gdi . Integrating gives v- v, - +v m In — - gt. v v - 0 and 
m m 

v ^ r(24CO m s)hn4 - (9.80 m s*' M90 s) - 2445 mt . 

EVALUATE: Both the initial aeceleration in Example 8.15 and the final speed of the rocket in Example 816 arc 
reduced by the presence of gravity. 

8.111. iDSXfIF* and SET UP: Apply Eq. 8.41) to the single-stage rocket and to each stage of the two-stage rocket. 

(a) EXETIT*:: V-v« -\\ % In( m,fm); v, -0 so v= v tt bi \/n,• m) 

The total initial mass of the rocket is - 12.000 kg - 1000 kg - 13.000 kg. Of this. 9000 kg * 700 kg - 9700 kg 
is ftieL so the rrnss m left after all th: fuel is burned is 13,000 kg - 9700 kg - 331X1 kg. 

v = v 44 In(1.1.000 kg’3300 kg > = 1 .37 i; 4 . 

(b) First stage: v- ln(m 4 m | 

/w^H.IXMl kg 

The first stage has 9000 kg of fuel, so the mass left after the first stage fuel has burned is 
13.0X1 kg -9000 kg ^ 4001 kg. 

v = In( 13.000 kg4000 kg)- l.l8v % . 

(c) Second stage: m t - 1000 kg. w - 1000 kg - 700 kg - 3l» kg . 

1 ^ v 4 + v m In) mjm ) ^ I.I8v 4 ♦ v m ln( 1000 kg. 300 kg) - 2.38r 4 . 

(dt v» 7.00 km’s 

v n - v/2.38 -(7.00 knv’s).'2.38 = 2.94 kms . q 

EVALUATE: The two-slagc rocket achieves a greater final spiced because it jetiscms the left-over mass of the first 
stage bcfccc the second-slate fires and this reduces the final m and increases 

8.112. Identity: During an interval where the miss is constant the speed of the rocket is constant. During an interval 
where the mass is chingmg at a constant rate, the equations of Sccticm 8.6 apply. 

SKI L’P: Kw 0S / S 90 % . — - —. From Example S.15. i- - ’400 m'». 

dt 120* 1 

Execute: (u)ForrSO. i-O.Foc 0sr&90i.Eq. S.40ay* v -(2400 in'*)ln4 = 3327 ml . For ; > 90 * , > 
has the constant value 3327 mb. The graph of v(f) is given in Fig. 8.112a. 

<b) For 0 S / i 90 s . Eq. 8.39 gives *t - -= -2400nvs- ( j ^ 20 a - 20 mV at / - 0 

m dt ai u (l-r »1120 *])l 120 %) 1 -/.'I120 

(as in Example 8.15) anJ a - 80 m s* at t - 90 x. For t > 90 s, a = 0. The graph of a(t) is given in Fig. 8.112b. 

(c) The astronaut has the same acceleration as the rocket. This is maximum at f - 90 s and 

= (75 IcgXBO m * 2 ) - 6.0 x |0‘ N . This is 8.2 tinxs her weight on earth, since a rs S.2 times g. 




M.J6 C tuperr * 


E\ .UXWTE: The accclcratim incruLsct because the trass decreases while tile thrust F - -i -remains constant 




(llUtl 






O J) 40 Ml At) IUII I^fl 

<W 

Figure 8.112 

1 113. I Dl-Vl in ami Stl Uf: dm - pdV . dV - Adx . Since the thin nxi lie*; along the v ixtx. r . - 0 . The maw of the 
rod is uivcn by .1/ - J dm . 

EXECUTE: lu> v M . - — I r dm - ^A ( xdi - ^ volume of the rod u AL and .1/ - pAL . 

p,U} L 

x -. The center of mass of the uniform nid is at its eeonx*tncal renter, muhvav between its ends. 


IpAL 2 


(hi x 


1 rt I^» t a r l . AaL t r» r l uAL* 

-j vJm- xpAdx -1 x'di -.1/ - iAw - I pAdx - (iA\ ids -. Therefore, 

u } \f } si •• 11 / J -• 2 


„.a ! 


W _J_i 2 L 

•t , ( l aMf 1 3 

EVALUATE: When the density increases with x, the center of maw is to the right of the center of the roil 


1114. iDCvnrv: x^ t - J-j .u/m and y ut ~ — ( itfii. At the upper surface of the plate. y : 


r - j . 


Si:r L’l*: To find v t#4 . divide the plate into tlun strip* parallel to ik- rnu. as shown in fig. X.l 14a. To find r M .. 
divide the plate xntu thin strips parallel to the i-axis 24 shown in Fig. H. 114b. The plate has volume onchilf that of 
a circular disk. so I* - and . 1 / -±paai. 

EXECt'TE: In Fig.114a each strip lias length y - -.t J . i... - -L| \i/m. where dm - fXydx - ptJIF-7dt. 

£j [7^7dx - 0 . once the integrand is an odd functxm uf x. X M - 0 because of symmetry. In 

Fig 114b each strip has length 2x - 2^a l -v‘ v** - when: dm - Iptxdy - 2ptja* -y*dy 

\ ^ | vfi \ ‘d\‘ The integral can be evaluated using u - a 1 - y‘ . du - -2ui\ This substitution gives 

va'lf 2 \ 4a 
J II pxSi T 3r’ 




‘ [2/fa' 


EVALUATE:-0.424 j is less than a 2. as expected, since the plate becomes wider as \ decreases. 

Ir 




w 



(b) 


FipirtS.il 4 
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Iden I1R : The work is related to the force by ir - J Fdx . The force the person must apply equals the weight of 


the hanging portion. Since the rope is uniform, the center of maw of the hanging portion is at its gcometrxal 
center. 

SET UP: Lei y be the length of the rope hanging over the edge and use coordinates where the origin is at the edge 
of the table and *y is downward. When the rope is pulled onto the table, r gees fn>m 1/4 to zero. A length v of the 
rope has mass Xy . 


EXECUTE: (u) When a length v hangs over the edge, the person must apply an upward force 

F, = -«<.«•)» = ~i>g . »' = J V. (y)tfy = -Agj' ^y = M. 

<1>1 Initially, y um = /1'8. The work done to raise an c*i]ect of rbss .1/ a distance y um is If - Mgy^ 



32 


Evaluate: The answers from methods (a) and (b) agree. The change in gravitational potential energy of the 
rope can he calculated by considering all its trass acting at its center of mass, and the work done by the person 
equals the increase in gravitational potential energy of the rope. 

iDEMIfrY: From our analysis of motion with constant acceleration, if v - at and a is constant, then 
vj + ±at : . 


SET UP: Take v* = 0, x\ - 0 and let * .y downward. 


Execute: la) ILL - a, v - at and v - ±at m . Substituting into xg - x— * *•" gives 
dt dt 

±at’g - ±ar*a+aV » . The nonzero solution is a = g/3. 

<l»> x-^at 3 - 7 gt i ^-<9.80 m/s* X3.00 s) 1 * 14.7 m. 

<c) m = kx = (2.00 g mM14.7 m) ^ 29.4 g. 

Evaluate: The acceleration is less than g because th: small water droplets are initially at rest, before they 
adhere to the falling drop. The snull droplets are suspended by buoyant forces that we ignore for the raindrops 
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9.1. IDEMIFY: x-/i) . with 0 m radians. 

SETUP: x rad = 180°. 

Execute: u> -1! -0.600 md -344° 

r 230 m 

(ID r -6.27 cm 

0 (128 *.t ladi’ISO^) 

<c» » - r0- (1.50 mKO.700 radl - 1.05 m 

Evaluate: An angle is th: ratio of two lengths and is dimensionless. Hut. when x - rO is used. 0 must be in 
radiant. Or. if 0 — ilr is used to calculate 0 % the calculation gives 0 in radians. 

9.2. IDEMIFY: 0-0 v - . since the angular velocity is constant. 

SET UP: 1 rpm - (2^60) rails . 

Execute: (u) wM1900H2;t raJ.'60s)-199 rads 


(b> 35" - (35 i K*/l80 : » - 0.611 rad . / - 


- 0 , 0.611 rod 
«T~ 199 rad s 


3.IxiO ‘ i 


EVALUATE: In / --we must use the same angular n>:asun: (radians, degrees or revolutions) for both 

0-0, and ta. 

9.3. IDENTIFY: a t </>- Writing Eq.(2.16) in terms of anguhr quantities gives 0-0- j &dt . 

SET Up: —r* -/if* 'and f fdl -— 

dt J n + 1 

Execute: (u)^ must have units of rod sand B must have units of rod s . 

<h) a(t) ^ 2 Bt - (3.00 rad x 1 )f. (i) Fee / ^0. a t For / ^ 5.00 s. «, ^ 15.0 rad s 3 . 

(c) 0.-0,-J {A+Bt')dl^ A(t x - r,)+(f/ - (!). For / ( -0and /> = 2.00 x , 

0,-0 -(2.75 rad sK2.00 x)♦ i(l .50 rods'X2.00 s) 1 -9.50 rad 
EVALUATE: Both a and m arc positive and the angular speed is increasing. 

Aa, 

9.4. Identify: a - do :dj. . 

Setup: iL{r)=.2s 


EXECUTE: (u) a(/>- ‘ ^-2fk -(-1.60 rad/s 1 )/. 

dt 

(b) a (3.0s)- (-1.60 rad,'V)<3.0s)- -4.80 rad/s J . 

w,(3.0 s) - &> w (0) _ -2.20 rad/s -5.00 rad/s , , ; 

Tol ?oi * ’* ' 

winch is half as large ( in magnitude I as the acccleratxm at / - 3.0 s. 


EVALUATE: a </) increases linearly with time, so <1 


<2 |0)r«(3.0s| 


a <0),0 
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9.5. iDFMm and S#:r UP: Use Eq.<9.3) to calculate the angular velocity and Eq.l9.2l to cafculate the average 
angular velocity foe the scarified time interval. 

EXECUTE: 0 = yft/fc‘; y- 0400 rad s. //-0.0120 rad s 1 


do At r - 0. At, « Y a 0.4CO rads 

(c> At r - 5.00 %. to - 0.400 rads + 3(0.0120 rads'M5.00 s) 1 - 1.30 rad s 
AO 0 . 

« . --■- 

* AJ 

For /, - 0, ^ - 0. 

For 0 s = 5.00 s. -10.400 rad **5.00 *» + f0.012 rad s ; )(5.00 s)' =3.50 rad 
3.50 rad -0 

So ai - 0.700 rad's. 

5.00 s-0 

EVALUATE: The average of the instantaneous angular velccities at the beginning and end of the time interval b 
i(0.400 rad s-t 1.30 rad si - 0.850 rads. This is larger than to Si .. because aj (/) is increasing faster than linearly. 

9.6. iDEvntY: 

dt i At 

SKI tP: o. -(250 rad/*)-(40.0 rad/* 1 >r-<4.50 rad/*V . a . - -(40.0 tad/% : >-(9.00 rad/i'v . 

EXEC UTE: (u) Setting to. - 0 results in a quadratic in /. The only positive root is f - 4.23 s . 
d» At r = 4.23 s . a , =-78.1 rad/s*. 

(c> At r = 4.23 s. 0 = 586 rad - 93.3 rev. 

(d) At f =0. w, =250 rad’s. 

,f> 

Evaluate: Between t - 0 and / - 423 s. to. decreases from 250 rad s to zero, to. is not li 
not midway between the values of to at the beeinmng and end of the interval. 


in f. so to is 


dO dto 

9.7. iDEMitY : to. (/)- — . tt it ) = - - Use the values of 0 and to. at / - 0 and a at 1 .50 s to calculate it. />. 

dt dt 

and c. 


SETUP: —f*=/Jf’ ' 
dt 

EXECUTE: (u| to.(t)-h-5cr. </) = -6cY At / -0. 0-a - t/ 4 rad and 

« = -6c(1.50 s) = 1.25 rad s : and c = -0.139 rod’s*. 

(b) 0 = t/ 4 rad and a = 0 at t - 0. 

|c> a - 3.50 nd'* 1 at I - -- 1 50 ,ad * -4.20 i . At r = 4.20 *. 

6 c *<-0.139 rad*'> 

0- - rad.(2.00rod *M420 *|-(-0.139 rad'**X420 *)‘ -19.5 nd 

to - 100 rads-3<-0.139 rad'i'K4.20 *)> -9..16 rad’*. 

EVALUATE: 0 , to and a all increase as t increases. 


h - 2.00 rads. At f-1 50s, 


9.8. IDEMITY: a - 0-0. - to i . When to is linear in/, to fee th: time interval / to f is 

dt 


r '\> . 


«*> 


SET UP: From the information given. a> (/) - -6.00 rods + (2.00 radVJf 

EXECUTE: (u) Tlie angular acceleration is positive, since the angular velocity increases steadily from a negative 
value to a positive v alue. 

(I»l It takes 3.00 seconds for the wheel to stop Uu 4 = 0). During this time its speed is decreasing. For the rx.\t 
4.00 s its speed is increasing from 0 rad/s to +8.CO rad/s. 
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, % .... “6.00 rad fi 

(c> theavcrace angular velocity is 


00 rad /s 0 - 0 .-to € t then leads to 


displarcment of 7.00 rad after 7.00 s. 

Evaluate: When a and to have the same wen. the angular speed rs increasing, this is the ease for / - 3.00 v 
r - 7.00 s . W hen a and & have opposite wens, the angular speed is decreasing; this is the ease between 
f - 0 and / -3 .00 s. 

9.9. I DIN I1IY: Apply the constant angular acceleration equations 

Si:r UP: Let the direction the wheel is rotating be positive. 

Execute: iu> » - n*, -.01 = 1.50 rad/*+<0.300 rjd/v‘X2.50 *1 = 2.25 rad/*. 

(b| 0 - 0 , = <q u ft-i<r/ = <l.50nd*X250*H i(0.300 rad V'x2 50 *l’ =4.69 rad. 

Evaluate: 0-0 a - 1 ^-1±L j, - 1 ' ,acl ' llif—* ||2.50 s> - 4.69 rad. ihc «mc a* adcubted wnh 
another equation in part (bV 

9.10. Idlviiiv: Apply the constant angular accclcratxm equations to tbc nxitiixi oftlic fan. 

(a) SEf Up: - (500 rev.minXl min 60 s) -S.333 rev's. m j -(200 rev minitl nun 60s) - 3.333 rev/s, 

f = 4.00s, a,*? 

*****♦<*/ 

Execute: a . ». _ l - 1 - 1 * rcv:>-*Mi ro* ,_ L2S m/t , 

* / 4.00 s 


0-0, - qj + laj* ^ (8.333 revfe|(4.00 s) + 4J-I.25 icv.VK4.00 s)‘ % - 23.3 rev 
(bl SKI Up: to - 0 (comes to rest): m - 3.333 rev's; a - -1.25 rev/s*; 


«> ra * 


Execute: / - 


m, 0-3.333 rev.'s 

~a -1.25 rev s* 


Evaluate: The angular accclcratxm is negative because the anguLir velocity is decreasing. The average angular 
velocity during the 4.<X) s txnac interval is 350 rev. min and 0-0, - gives 0-0, - 23.3 rev. which checks. 

9.11. iDFN im: Apply the constant angular acceleration equations to tbe motion. The target variables are / and 0 -0 V . 
SETUP: (a I a -1.50 rads”; al - 0 (starts from rest); to - 36.0 rad’s; r-7 


-a*. + a l 


Execute: / - 


36.0 rad s - 
I 50 rad ? 


- 24.0 i 


(b» 0-0.=? 

0-0, = «,./in.r 1 - 0.4(1.50 iaJV’X2.40 *) J = 432 rad 
0-0, = 432 rad(l rcv/2* rad> = 68.S rev 

EVALUATE: We could use 0-0,-i(ra U to calculate 0-0, «±(0-f 36.0 rad'sX24.0a) = 432 rad. which 
checks. 

9.12. IDINI1IY: In part <b) apply Ihc equation derived in part <a). 

SKI UP: Let tbc direction the propcllcT is rotating be positive. 

L'vrriirr. (.t C 17. (A ^ * \ C. ifl 1 I i .. (I A i I .. a\ 


EXECUTE: (u) Solving I.q. (9. >) tor / gives / -- 

substituting for / gives 


Rewriting Lq |9.1l»as 0-0. -/<a» + ltoi) and 




vvtuch when 


lb) a =2 


Bed elves Eq. (9.12). 




7.0Q rad 


116.0 radI/s(’ - (12.0 rad/s)’) = 8.00 rads’ 
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EYA1.I .Ml : We could also use 0 - 




k) calculate / - 0.500 % . Then to - ra, -t a I gives 


ft, - 8.00 rad v*. which agrees with our results in part <b). 

9.13. Idkyiify: Use a constant angular acceleration equation and ®lw for 
SET L’P: Let the directum of rotation of the flywheel be positive. 


] 


6 Q .0 rad 


EXECUTE: 0-0,-(!.t+ -ti‘ gives to. - 


“7" “ 


/ 4.1X1 s 

EVALUATE: At the cod of tbc 4.00 s interval. to - at iflf- 19.5 rad js 


- -<2.25 radVK4.X s) ^ 10.5 rad s 


9-0. - 


to . +*) 4 


10.5 rad’s+ 19.5 rad s 


1 4.00 s) - 60.0 rad . which cheeks. 


2 ) \ 2 

9.14. IDKWIIY: Apply the constant angular acceleration equatiemv. 

SET Up: Let tbc direction of the rotation of the blad: be posit be. to* - 0 . 

_ to -to* 140 rad s-0 

Execute: to -to, +« gives a -- --23.3 rads*. 

t 6.X s 

fLIfL)r-(. 0 Jdy.^)( M0^-420nH 

Evaluate: We could al» use 0-0 xt - at^J + U/r . This equation gives 

0-0* - 4(23.3 radial 1 X6.X s| J - 419 rad. in agreement with tbc result obtained above 

9.15. IDLMIEV: Apply constant angular acceleration equations 
SET L’P: Let tbc direction the flywheel is rotating be positive. 

0-0 t . - 200 rev, te{ K - 500 rev/nun - 8.333 rev/s. t - 30.0 s. 


Execute: (*}0-0 - 


/ gives to - 5.X rev.'s - 300 rp 


(b) Use the infornution in part (a) to find a. : to. - to + ttt gives a m - -0.1111 rcv/s*. Tben n» - 0. 

f gives 


= —0.1111 rev/s 2 , to,' a 8.333 rev/s in to d -to, t + aj gives / - 75.0 sand 0- n - 1 * **• 


9.16. 


9.17. 


0 - 0 , = 312 rev . 

Evaluate: The mass and daanxtcr of the flywheel arc not used in th: calculation 

IDENTIFY: Use the constant angular accclcraticm equations, applied to the first revolution and to tb: tint two 
revolutions. 

SET L’P: Let tbc direction the disk is rotating tv positive. 1 rev - 2 t rad . Let / be the tin*: for the firs! revolution. 
The time for tbc first two revolutions is / + 0.750 s . 

Execute: (a) 0- 0 % - eo*t + applied to the first and to the first two revolutions gives 2.r rad - 4«/* 

4t rad - lajtt 0.750 s>* . Lliminating ti between these equations gives 4 t rad - ~ r ~ -</ + 0.750 s) J . 

2/ J - it + 0.750 %Y . Jh - ±0 + 0.750 s). Tb: positive root is f _ * 50 * 




(b> 2.r rad - in f and r -1.81 * give* « - 3.54 rad * 


EvaU AIK: Al ihe Mart of the *ccoiid revolution a l - (3.84 rad As 1 XI. SI *)- 6.95 rad.* . Th: distance Ibe disk 
rotates in the next 0.750 s i* 0-0,-fojr^al' -(6.95 rail*X0.750 s»-4(3.K4 rad V >(0.750 *) J - 6.29 rad . 
which is two revolutions. 

1 DEM if v: Apply Eq.<9.12) to relate <u to 0 - 0 t ,. 

SET UP: Lstablish a proportionality. 

EXECUTE: From Eqj9.l2), with a\ ( . - 0. the number of revolutions is proportional to the square of the initial 
angular velocity, so tripling the initial angular velocity increases the number of revolutions by 9. to 9.(10 rev. 
Evaluate: We dceit have enough information to calnilatc a t : all we need to know is that it is constant. 
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9.18. IDI.M1FY: In each ease we apply constant acceleration equations to determine #(/) and a> (f) . 

Si:r L’P: Let 0„ - 0. The following table gives the revolutions and the angle 0\ in degrees) through which the 
wheel has rotated for each instant xn time (in seconds) and each of the three situations: 

(a) (b) <c> 



rev 

0 

rev 

0 

rev 

0 

0.05 

0.50 

180 

003 

11.3 

0.44 

158 

0.10 

1.00 

360 

0.13 

45 

0.75 

270 

0.15 

1.50 

540 

0.2S 

101 

0.94 

338 

0.20 

2.00 

720 

0.50 

180 

1.00 

360 


EXKCVTE: The <Jand at graphs for each case arc given in Figures 9.IS a c. 

EVALUATE: The slope of the 0(t) graph is 01 ,( 1 ) and the slope of the </) graph is a(/). 



<c) 

Figure 9.18 
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9.19. 


9.20. 


9.21. 


IDENTIFY: Apply the constant angular acceleration equations separately to the txnv intervals 0 to 2.00 s and 
2 .<X) s until the wheel stops. 

(i) SEI Ur: Consider the motion from / - 0 to t - 2.00 s: 

0-0 , - ?; ^ 24.0 rad ’s; r/ ^ 30.0 rad's 5 ; i - 2.00 s 

Execute: O-0 u ^a>J+$a/ - 124.0 radi’s)(2.00 s) +4(30.0 rads 5 X2.00s) 5 

0-0, - 4K.0 rad ♦ 60.0 rad - 10S rad 

Total angular displacement from t - 0 until stops: 108 rad + 432 rad - 540 rad 

Note: At / -2.00s, e> 24.0 rad f s+(30.0 rad's 5 X2.00*)* 84.0 rad's; angular speed when breaker trips. 

<b) SET L’P: Consider the motion from when the circuit breaker trips until the wheel stops. For this calculation let 
t - 0 when the breaker trips. 

t 0-4, - 432 rad: & -Q - 84.0 rad’s I from pirt (a)) 


2 




Execute: -HU* 

84.0 rad s^0 

The w heel stops 10.3 s allcr the breaker trips so 2.00 s -t 10.3 s - 12.3 s from the beginning, 
<c) SET Up: a t - ?; consider the same motion as in part (b): 


a «%. + a J 

Execute: a , (l " M - 0rads - -8.16 rad s*' 

J / 10.3 s 

EVALUATE: The angular acceleration is positive while the wheel is speeding up and negative while it is slow ing 

down. We could also use at 1 - aC +2 aXO-O.) to calculate a ——— -— ^ ’* -8.16 rads'* for 

‘ J 2 <0-Hi 2(432 radl 

the acceleration after the breaker trips. 

IDENTIFY: The linear distance the elevator travels, its speed and the magnitude of its acceleration are equal to th: 
tangential displacement, speed and acceleration of a point on the rim of the disk, x - rO. v - rwand a-ra . In 
these equations the angular qiLintita^s must be in radians. 

SET UP: 1 rev - 2* rad . 1 rpm - 0.1047 rads . t rad - 180° . For the disk, r -1.25 m . 

EXECUTE: Cu| V - 0.250 la's so a> - - 1 A ' % - 0.200 rad s - 1.91 rom 

r 125 m K 

(b> a - T 1 : - 1.225 ms*. a - < L- 1 ‘ 0.980 rad's*'. 

r 1.25 m 

(c) .s - 3.25 m . O--- 2.60 rad - 149'. 

r 1.25 m 

EVALUATE: When we use x-rO % v- rtuand a iM - ra to solve for 0. Aland a . the results arc in rad. rad’s 
and rad's*. 

IDEM1FY: When the angular speed is constant, at - Oft . v u , - rat. - ra and < 1 ^ - net . In these equatiems 
radians must be used for the angular quantities. 

SET UP: The radius of the earth is - 6.38x10" m and the earth rotates once in I day -86.400s. The orbit radius 
of the earth is 1.50x10'* m and the earth conplctcs one orbit in I y-3.156x10 s. When at is constant, at =■ Of I . 

EXECUTE: (a) 0 - I rev ^ 2.r rad in t - 3.156.10' *. a - ~ S -1.99.10 rad * . 

3.156-10 * 

(b) 0 -1 rev - 2.T rad in t - 86,400 *. a> - .— - 7.27 -10 1 rail . 

K6.400 % 

<c> v= rm -(1.50.10' mHI 99.l0 ’ rnd/s) = 2.98x10' m« . 

(d) vara. = (6.38.10' m((7.27«10 ' ndb) = 464 m'% . 

(c> a lml = ra>' = (6.38.11/ m)(7.27 -10 ' rad 1 *) 1 - 0.0337 in* 1 . o_ - ra =0. a- 0 since the angular velocity u 
constant. 

EVALUATE: The tangential speeds associated with these motions are hrge even though the angular speeds are 
very small, because the radius for the circular path in each ease is quite large. 
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9.22. 


9.23. 


9.24. 


9.25. 


Idi.nI 1FY: Linear at>d angular velocities arc related by v - ra> . Use w m - «^ IJ -f at to calculate a . 
SET UP: ea = v/r civet ai in rad s. 


Execute: (ui 


1.25 ms 


- 500 rad s. 


1.25 ms 


21.6 tad s. 


25.0 xiu m 580 xlO m 

(b> (1.25 m<’s) (74.0 mini <60 s min i ^ 5.55 km 
(Off - 21 S^LlSM 3^ - >6.41x10 * rad s J . 

EVALUATE: The width of the track* it very small, to the total track length cci the ditc is huge. 

iDEViiTY: Use constant acceleration equation* to calculate the angular velocity at the end of two revolutions. 

v - rco . 

SET Up: 2 rev - 4 t rad. r - 0.200 m 

Execute: (u) «>: - <*£ * 2« (0 - 0 O ). M - ^2* <0-0,1 ^ </2(3.00 r»d s*)(4.r rad l ^ 8.68 rad s. 

„ - rnT ^ (0.201 mKS 6S rad*) 1 - 15.1 m s*. 


s)- 1.74 m 1 *. .v -11 11 m ' V - 15.1 m's : . 


(h) v-rni-< 0.200 mil8.68 rad n>>. a tmi 

Evaluate: rAT and i^/raa* completely equivalent expression* for a t ^ . 
IDBM1FY: - rttf . with ta in rad s. Solve for &. 

SET Up: 1 rpm ^ (2 >t . 60) rail * 


Execute: & > j oo.o , h>X9.ko nv ? ;, ., , 5 ,, 0< iad/4 . UOx 10 , 

V r \ 0.0250 m 

Evaluate: In - rc : . Aimusi be in rad s. 

IDENTIFY and SET Up: Use constant acccleraticoi equation* to find fa aixl a after each displacement. The ute 
Lqs.(9.14) and <9.15) to find the components of the linear acceleration. 

Execute: <ui at the start t - o 
flywheel *tarts from rc*t so w 4 - ft\ ti - 0 

- to - (0.301) mXOhOO rads') -0.180 nv* J 


a tU - rA»* - 0 

a - r al, - 0.180 m s*' 

<b) 0-0 % -60° 
a,^ -rff-0.1 SO m* ; 

Calculate at 

0-0, ^ 60°<,t rad 1 80’i- 1 .047 rad; ta, t ^ 0. a, 0 600 rad’s*: a>, = ? 

fa - ^2ff.(0-0 t .) - ^2(0.600 rad'* 1 HI .017 radl - 1.121 rad * and AJ - AI . 
Then a^^rat 1 ^<0.300 mX 1.121 rad s)* ^0.377 m s*. 
a - ** V<° 377 m v ♦ 10 ,S0 * 04ls m x ‘ 

<c) 0-0,-120* 

= iff -0. ISOm/s* 

Calculate at. 

0-0, = l20°(.r rad IKO 9 )-2.094 rad; =0; a . -0.600 rad s'; a*c? 

«, - „'2ct (ff-(».) - ^2(0.600 rad i 1 M2.094 rad) = 1.585 rad * and - a . 
Then - rta‘ - (0.300 mX 1.585 rod *)* - 0.754 m fs‘. 
a - - ^(0.754 m )' . (0.180 m <)‘ ^ 0.775 nv*' 

EVALUATE: a is constant so a,^ is constant. At increases so a tsd inrreases. 
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9.26. 


9.27. 


9.28. 


9.29. 


9 JO. 


IDENTIFY: Apply constant angular acceleration equations v - rto . A point on the nm has both tangential ami 
radial components of acceleration. 

SET Up: a Ut - ra and a t ^ - rm*. 

Execute: (a) a» - *v. -f at - 0.250 rev's r (0.900 rev/* 2 *0.200 s» ^ 0.430 rev's 

(Note that sisxe to. u and a are given in terms of revolutions, it’s not necessary to convert to radians). 

(b) to 4 , .At = (0.340 rev/sK0.2 s) = 0.068 rev. 

(c) Here, the conversion to radians must be nude to use Eq. <9.13). are! 


I M ;(0.430 rev s)(2 x rad/rev > — 1.01 m/ 


(d) Combining equations <9.14) and (9.15). 

* s *I*L * <>L = >!<*>*r)* + - 

a « ^<(0.430 rcv/*X2* rad rev)) : (0.375 m) j J +[(0.900 rev’s' H2.T r*l revXO.375 ml \ . 
a - 3.46 m/s* . 

EVALUATE: If the angular acceleration is constant. is constant but increases as to increases 
IDENTIFY: Use Eq.(9.15) and solve for r. 

SET UP: a^-rto' so r - where to must he in rad s 

Execute: o. 3000* - 300019.80 m's 1 ) - 29.400 nv's J 


1 500 rev mm 


' 1 min 2 . 

in - — 

A i 


2.7 rad 


-523 6 rads 


Then r = ^,iM00^ 30 .l07m. 
at (523.6 rad's)* 

EVALUATE: The diameter rs then 0.214 m which is larger thin 0.127 m. so the claim is not realistic. 
IDEWIFY: In part (bl apply the result denved in part (a). 

SET UP: - rn>‘ and r - rto: combine to eliminate r. 

Execute: (n) a. - ntr - to 1 \ — I - <**. 


(b) From the result of part (a), to - — - S QQ ~ mV ~ “ 0 250 rad/s. 

EVALUATE: a %u - rto' jnd v - rmboth require that tube in rad s. so in a - «v. £uis in rad s. 
IDENTIFY: v - rto and a tat - rto 1 -v'fr. 

SET Up: 2x rad — 1 rev . so x rad s - 30 revVmin . 

EXMirt: (» «r = (1250 L 0 .B31 m/» 


i|M » 

r (12.7x10 m)/2 ' 

Evaluate: In »•-rn>. o>must he in rad s. 

iDl.Mih: - rtt . v - rto and - v*/r . 0-0, - . 

SET UP: When a is constant. <v ^ ^ *\ ■. Let the direction the wheel is rotating be positive. 

Execute: (u> a - — - !!^Lr * - -50.0 rad/s 2 

r 0 . 2(10 m 


do At t - 3.00 s . V - 50.0 m/s and to-- - rad/* and at / - 0. 

v - 50.0 m/s+(-10.0 m/s* W0-3 00s> ^80.0 m/s. <u^400 rad/s. 

(c) tt> M i ^ (325 rad/sW3.00 s( ^ 975 rad - 155 rev . 
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9.31. 


9-32. 


9J3. 


9J4. 


(d> v = Ja tmL r - J(9.S0 m>V )l 0200 ml - 1.40 ml Thw speed will be reached at time ■ ‘‘ ’— 1 *' ' '' 4.86 s 

10.0 m's 

after / - 3.00 s, or at / - 7.86 s. {There are many equivalent way* to do this calculation. I 

Evaluate: At t - 0 f a tU - ray - 3.20x10* m s*. At / - 3.00 s. <r u - 1.25 X10* m's*. Foe a ^ - % the wheel 

must he rotating more slowly than at 3.00 s so it occurs some tinx after 3.00 s. 

IDENTIFY and SET UP: Use l:q.(9.15) to relate m to and Y F - ma to relate u u to F^. Use F-q.<9.l3) to 
relate n> and v, where v is the tangential speed 
EXECUTE: (u) <1^ = ra> 3 and F lmi - ma^ - mreo 1 

2 % 


r. 


V". 

(h) v - rru 
is ax 640 rev min 


640 rev min V 
423 rev'min 




1.51 


v, 423 rcv min 

(c) v - rco 

,_ ao • /1 nunV 2 t rad\ BI 

m - (640 rev mint - —- -67.0 rad s 

I 60 'A lrev ) 

Then v - no - (0235 m«67.0 rad 1 *) = 15.7 mi 
- - rai" -10.235 mH67.0 rad'*)' = 1060 mV 

, -. l °Q-n^ m, „ = 

H 9.80 mV 

EVALUATE: In parts (a t and tb). since a ratio is used the units cancel and there is no need to convert ai to rad’s. 
In part (c). v and a tst arc calculated from /y. and a> must he in rad’s. 
iDKMih: i* - rto and - ra. 

SET L’P: The linear acceleration of the bucket equals *i for a point on the rim of the axle. 


Execute: (u> v = /Iai. 2.00 cm/s - R 


7.5 rev V1 nun V 2 ;r rad \ . 


imtn 


v; 




gives R - 2.55 cm . 


D*2R* 5.09 cm. 

,b> = to . « = fa = =. 5.7 rad/* 1 . 

N 0.0255 m 

EVALUATE: In »•- /?A>and - Ra . Aland a must be in radians. 

IDENT1F\: Apply v = rto . 

SET UP: Points an the chain all move at the same speed, so r/a t - r t a\ . 

Execute: The angular velocity of the rear w heel is ai - — - *-15.15 rad/s. 

The angular velocity of the front wheel is n> - 0.600 rev/s - 3.77 rad/s. r -r t (a^/aj) - 2.99 cm . 

EVALUATE: The rear sprocket aixl wheel have the sanx angular velocity and the front sprocket and wheel have 
the same angular velocity, rn> is tlx same for both, so tlx rear sprocket has a smaller radius since it has a larger 
angular velocity. The speed of a paint on the chain is v - = <2.99x10 * m>15.15 rad's) - 0.453 ms . The linear 

speed of the bicycle is 5.50 m s. 

IDENTIFY and s*:r UP: Use Eq. 49 .l 6 ). Treat the spheres as point masses and ignore / of the light rods. 

Execute: The object is shown in Figure 9.34a. 

(») 


ft 400 11 



r - J(0.200 ml '-( 0.200 m) : - 0.2828 m 
I - £ m.r. 1 - 4(0.200 kgX0.2828 m) 1 
/ = 0.0640 kg m 1 
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9JS. 


9-36. 


9.37. 


(b) The object is shown in Figure 9.34b. 

02001 ^ CK2M kj 


>20) kc i 

Figure 9.3 


J 0200 

!OOU 


(c) Tlic object is shown in Figure 9.34c. 

> A*i* 

\ QZOOkg 



r - 0.200 m 

/ - - 4(0.200 kgX0.2«) m|' 

/ = 0.0320 kgm 1 


r = 0.2828 m 

/ - ^ntr 1 ~ 2(0-200 kgM 0.2828 ml 1 
/-0.0320 kg in' 


EVALUATE: 111 general / &pcnds on the axis and our answer for part (a) is larger than for parts |b| and <c}. It just 
happens that / is the sanx in parts (b) and |c). 

IDIAIITY: Use Table 9.2. Tlx cortect expression lo use in each ease depends on the shape of the object and the 
locaticei of the axes. 

SET Up: In each case express the mass in kg and the length in m. so the monxnt of inertia will be in kg * m*. 
EXECUTE: la) (i) / ^ ±ML 3 -4(2.50 kgMO.750 m? - 0.469 kg nv'. 

(ii> I = 2-W/. ; - i(0.469 kg m 1 )- 0.117 kg m 1 . (lii) For a very thin rod. all of the mass is at tlx- axis ami / -0. 
(b>(i| / = 4 ,Wfl 1 =4(3.00 kgM0.190 m) J = 00433 kg m'. 

(ii) / = IMR' -2(0.0433kg m-) = 0.0722 kg m’. 

(c)(i) / - MR’ - (8.00 kg 1(0.0600 m) 1 = 0.0288 kg m’. 

(ii) / -4(8.03 kgM0.06IXI m(’ -0.0144 kg m ; . 

Evaluate: /depends on how the mass of the object is distnbuted relative to the axis. 

iDIAIIfrY: Treat each bkxk as a point mass, so for each blexk / - «ir*. where r is tlx distance of the block from 
the axis. The total / fee the object is the sum of the / for each of its pieces. 

SET UP: In part (at two Mocks arc a distance L .'2 from the axis and the third bkxk is on the axis. In part lb) two 
blocks arc a distance Li 4 from the axis and one is a distance 3L/4 from the axis. 

Execute: (u» / - 2mil.<2)‘ - r>»l‘. 

<b> / = 2m(/./4)' -.01(3/..'4)-' - -i-m/. ; (2*91 =-!i>n/. ! . 

16 16 

EVALUATE: For the same object / is in general different for ditTerent axes. 

Ibt.MttY: / fee the object is the sum of the values of / for each part 

SET UP: For the bar. for an axis perpendicular to the bar. use the appropriate exprcxsxm from Table 9.2 For a 
poant mass. / - mr ~. where r is the distance of the mass from the axis. 

Execute: (.) / = /_ * - ±M„ L‘ + 2*^ j !l j . 


/ _ J_(4.00 kg 1(21X1 m) 1 *2(0.500 kg>( 1.00 m)’ -2.33 kg m 1 

<b> / - im^i 1 - J.) 4.01 kg |(2.IXl m)'*(0.500 kg | (200m) 1 -7.13 kg m 1 

(c) / - 0 because all masses arc on the axis. 

(d) All the mass is a distance rf - 0500 m from the axis and 

/ - r 2m wl rf' = - (5.00 kg 1(0-500 mV -1.25 kgm’. 

EVALUATE: / for an object depends on the location an;! direction of the axis. 
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938. (DIMITY and Si. r L’P: According to Hq.<9.16). / for the entire object equals the wim of / for each piece, the rod 
plus the end caps. The object is shown in Figure 9.3S. 




iJ 


n u« 


Execute: / - / (mJ ♦ 2/^ 


Figure 938 

Evaluate: Table 9.2 was used for and I - mr' for the cod caps, since they are treated as point particles. 
939. Identity and Set Up: / - implies / - / l-4 + 

Execute: L^MR 1 -^(i.40kgX0.30«m) J ^0.126 kg m : 

Each spoke can be treated as a slender rod with the axis through ooc end. so 
l I ^_ - ) - 4(0.2K0 kgKO.300 m> : - 0.0672 kg m 1 

/ = /„ -t/^ =0.126 kg m-'t 0.0672 kg m ! = 0.193 kg m 1 

EVALUATE: <>ur remit is smaller than «r„tf ‘ = (3.61 kgX0.30() m) ! = 0.32K kg m ! , since the man of each 
spoke is distributed between r - 0 and r-R. 

9.40. iDf.MITY: Compare this object »o a uniform disk of radius R and mass 2.1/. 

SET L’P: With an Axis perprmbcular to tlx round face of the ciiject at its center. / fee a uniform disk is the same 
as for a solid cylinder. 

Execute: (u) The total / for a disk of mass 2\i and radius //. / - LylSi )R : - MR 1 . Each half of the disk has the 
sanx /. so for the half disk. / - . 

<h) The sanx miss .1/ is distributed the same way as a function of distance from the axis. 

(c) The same nxthod as in part la) ays that / for a quarter-disk of radius R and miss M is hilf that of a half-disk of 
radius R and mass 2M, so 1 = -<4|2.W Jff'| - iAM'. 

Evaluate: /depends on how the mass of the object is distributed relative to the axis, and this is the same for 
any segment of a disk. 

9.41. IDTAHTY: / fee tlx compound disk is the sum of/of the solid disk and of the nng. 

Set Up: For the solid disk. / - - For the ring. /, - ♦ />*). where r { - 50.0 cm. r> - 70.0 cm. The 

man of Ihc disk and ring is their area Iuiks Ihcir area density. 

Execute: l - l . + l . 


Disk: m, - (3.00 g/cm‘ }xrj - 23.56 kg . I,- —myf - 2.945 kg m'. 


Ring: m. =(2.00 ~V) = 15.08kg /, = +/^) = 5.580 kg m 1 . 

I-I.rl, =8.52 kg m ; . 

EVALUATE: Even though nt < M d . /, > /, since the mass of the nng is fartlKT from Ihc axis. 

9.42. iDLMirv: K =4/"' - Use Table 9.2b to calculate /. 

SKI Up: / =£A«.*. 1 rpm = 0.1047 rads 

Execute: la) /-4.(117 kgK2.QSm> : = 42.2 kg m'. et- (2400 rev mini! - — 1 -251 rads 

\ I rcv’rnm / 

K = i-ho' =4(42.2 kg m'M25l rad s) 1 = 1.33* 10“ J . 

«b> A'. = . K, = L, “ L, and K, = K ,. so . 


= (2400 rpm) 


0.75O.W 


- 2770 rpm 


EVALUATE: The rotntxmil kinetic energy is proportional to the square of tlx angular speed and directly 
proportional lo the mass of the object. 
lOLMUY: K =j/ai 1 . Use Table 9.2 to calculate /. 

SETUP: / -IMR' . for the moon. . 1 / - 7.35* 10 " kg and R = 1.74*10* in . Hie moon moves through 
1 rev - 2.7 rad in 27.3 d. 1 d=8.64* 10* s. 


9.43. 
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9.44. 


Mi 


9.46. 


9.4". 


9.48. 


EXECUTE: (ill / -4(7.35*10*' kgHMixUf m) : -X.90xl0’ 4 kg m 

(27JdiOTTF7d) - 266,10 ‘ rad ‘• 

A' - ~hd -.<8.90*10" kg-m J ((2.66« 10 * rad 1 *)* - 3.IS*I0 J ‘ 1. 


< 1 » 


3.15»10 a i 


--15S years . C onsidcring the expense involved in taping the moon s rotational energy, this 


5(4.(#xlO J) 

does not seem like a worthwhile scheme for only 15K years worth of energy. 

Evaluate: The moon has a very large amount of kinetic energy due to its motion. The earth lias even more, but 
changing the rotation rate of the earth would change the length of a day. 

Idivimy: a; - r /<v*. Use Table 9.2 to relate / to the mass .1/ of the disk. 

SET UP: 45.0 rpm - 4.71 rad s . For a uniform solid disk. I - ±MR : . 

2A 2(0.250 J> 


EXECUTE: la) J 


n> : (4.71 rad's)* 


-0.0225 kg m*. 


(b) /-i.l//Tand A/- —- 


2/ 2(00225 kg m J ) 


- 0.500 kg . 


A* (0300 mf 

Evaluate: No matter what the shape is. the rotatxmal kinetic energy is proportional to th: miss of the object. 
IDENTIFY : A -+/to m . with to in rad s. Solve for /. 

SET Up: 1 rev min - (2r.' 60) rad's . AA - -500 J 

Execute: - 650 rev mm - 6K. 1 rad’s. to , - 520 rev min - 54.5 rad s . AA - K ( - A - ll(cuj i, 3 ) and 

_ 2, -. M0,> _->0.600 Ig m 1 . 

af (54.5 rad sr -(68.1 rad s)' 

EVALUATB: In A - to must be in rad s. 

Identify: The work done on the cylinder equals its gain in kinetie energy. 

SET Up: The work dme on the cylinder is PL % where L is the length of the rope A, - 0 . A\ . 




Exild Tl: 


PL--—v', 


140.0 \M6.00 m. s)* 


14.7 N. 


/■-iiil_ 

2 g 2 g L 2(9.80 mf% 1 M5.00 m) 

EVALUATE: The linear speed v of tlie end of the rope equals the tangential speed of a point on the nm of the 
cylinder. When A is expressed in terms of v. the radius r of the cylinder doesn't appear. 

Identify and Set Up: Combine Eq*.(9.I7) and (9.15) to solve for A. Use Table 92 to get /. 

Execute: 

a, - Rat 1 , to to - R - ^(3500 mt'l/l'O m - 54.0 rad t 

For a disk. / - l.Wl' --<70.0 kgKI 20 m>* - 50.4 kg m 1 
Fhut A - Ilia’ --<50.4 kg m'X54.0 radii 1 - 7.J5-I0 4 J 
EVALUATE: The limit on limits which in turn limits A'. 

iDF.N I1FY: Repeat the calculation in Example 9.9. hut with a different expression for /. 

SET Up: For the solid evlinder in Example 9.9. / -ZA/A*'. For the thmwalled. hollow cvlindcr. / - MR 1 . 


EXECUTE: (ii) With / - MR . the expression for v is v - 




\ + M; 


(b) This expression is smaller thin that for the solid cylinder: more of the cylinder's mass is conecntrated at its 
edge, so for a given speed, the kinetie energy of the cylinder is larger. A larger fraction of the potential energy is 
conv erted to the kinetic energy of the cylinder. and so less is available for the falling miss. 

EVALUATE: When .1/ is much larger than /w. v is very small. When M is much less than m, v becomes v - . 

the same as for a mass that falls freely from a heiuht h. 
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9.49. 


9.50. 


9.51. 


9.52. 


9.5.1. 


9.54. 


9.55. 


IDENTIFY: Apply conservation of energy to the system of slooc plus pulley*, v - raf re Lite s the motion of the 
stone to the rotaticei of the pulley. 

SET Up: For a uniform solid disk. / - ~MR '. Let point 1 be when the stceic rs at its initial position and point 2 be 
when it has descended the desired distance. Let +y be upward and take y = Oat the initial position of the stone, so 


y - 0 and v> - -h , where h is the distance the stone descends. 

EXECUTE: (a) K r - Uu‘. I --MR : - i(2.S0 kgXO.200 m) ; - 0.0500 kg m 1 . 


«= = 2(4.S0J) ~|3 4 

\| /, V 0.0500 kg 


rad is . The stone has speed v- Am - (0.200 m)(!3.4 rad's) - 2.68 ms . The 


stone has kinetic energy A - J«v* -4(1.50 kgM2.68 ^ 5.39 J . A' *f/. A, r6\ gives 0- A* + U.. 


0 - 4.50 J-f 5.39 J +mv(-h) . ft -——-0.673m. 

(1.50 kg (94(0 mV) 

<!» K m - K p + A. - 9.89 J . l—ll _ 45.5% . 

A M 9.S9 J 

EVALUATE: The gravitational potential energy of the pulley doesn't change as it rotates. The tension in the wire 
does positive work on the pulley and ne&itivc work of the same magnitude on the stone, so no net work on the 
system. 

iDEVim: K f - + for the pulley and A k - lmv : for the bucket. The speed of the bucket and the rotatxinal 
speed of the pulley arc related by* i - Rto . 

SETUP: A,-^A k 

Execute: 4 /m*' ^4(4wv*V>iAW'. / =4«A 5 . 

EVALUATE: The result is independent of the rotatKmal speed of the pulley and the linear speed of the mass. 
IDEM 1 FY: *n»c general expression for / is Eq.(9.l6). A = 4 /di 1 . 

SET Up: R will be multiplied by/. 

Execute: (u) In the expression of Lq. 19.16). each term will have the mass multiplied by / and tbc distance 
multiplied by /. and so the monent of inertia is multiplied by /*(_/)* — f*. 

<b) <2.5 J)f4S)' -6.37x10' J 

EVALUATE: Mass and volume are proportional to each other so both scale by the same factor. 

IDENTIFY: The work the person does is th: negative of the work done by gravity. H' M< - , -C/ gll ^. 


SET Up: Tbc center of mass of the ladder is at its center. 1.00 m from each end. 

® (1.00 m)an 53.0' = 0.799 m . y.. a = LOO m . 

EXECUTE: ^(9J»k8K9.80m<X , XO.799m-l.00m)--l?.7 J . The »o«k done by Ihe po»oo i» 17.7 J. 

EVALUATE: The gravity force is downward and the center of mass of the Udder moves upward, so gravity docs 
negative work. The person pushes upward and decs positive work. 

Identify: V = Mgy ^. A U »(/, -£/,. 

SET UP: I lalf th: rope has mass 1.50 kg and Ungth 12.0 m. Let y - Oat the top of the cliff and take +y to be 


upward. The center of mass of the hanging section of rope is at its center and \\ tk} - -6.00 m . 

Execute: AU=b\-U, > = (1.50 kgX9.K0 mV’x-600 m-0>^-88.2 1 . 

EVALUATE: The potential cnrrgy of the rope decreases when part of the rope moves downward. 

IDENTIFY: Apply Lq.<9.!9). the parallel-axis theorem. 

SET UP: Tbc center of mass of the hoop is at its geometrical center. 

Execute: In Cq. (919), - MR 1 and d = 2.W/I-. 

EVALUATE: / is larger for an axis at the edge than for an axis at the center. Some mass is closer than distance R 
from tbc axes but some is also farther away. Since / for each p&cce of the bocp is proportional to the square of the 
distance from the axis, the increase in distance has a larger effect. 

IDEMIFY: Use Lq.|9.19) to relate / for the wood sphere about the desired axis to / for an axis akrng a diameter. 
SET UP: For a thin-walled hollow sphere, axis along a diameter, / - +A/R '. 
l or a solid sphere with mass .1/ and radius R, / t - i.l fR\ for an Axis along a dianxtcr. 
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Execute: Find <i such that /, = * »u‘ «ilh /, - 4 MR': 

iWt 1 -i.MK--.UJ- 

Tlur facial* of 4/ divide out and th: equation becomes I4~4)^ - d' 

J - ^(10-61,'I5K = 2R/-j\l - 0.516/?. 

The axis is parallel to n dianxter and is 0.516/? from tbc center. 

Evaluate: /^(Icad) > J Km (wood) even though A/ and R are the same since for a hollow sphere all the mass is a 
distarxc R from the axis. Eq.<9.19) avs /,. > so there must be a ii when: /,.fwood) - /^.(leadt. 

IDENTIFY: Using the parallclaxtt theorem to find the moment of inertia of a thin rod about an axis through its 
end and perpendicular to the rod. 

SET UP: The center of mass of the rod is at its center, and / - J-.t//.* . 


\td : - -L- *.ui — -iic. 


Execute: 


EVALUATE: / is larger when tb: axis is not at the center of mass. 

iDEVnFY and SET L P: Use Eq.(9.19). The cm of the sheet is at its geometrical center. The object is sketched in 
Figure 9.57. 


Execute: l,^l+.UJ‘. 




From pari <c> of Table 9.2, 

The distance J oi'P from 
the cm rs 

d -Jiaf 2 )‘ r(hf 2 ?. 


Figure 9.57 

Thu* l t - /_ . AM" =rrU(a' t fe J J -f A/(4a ‘ ♦ yb : ) - (^ -», | .1/ ia' *b‘)- 
4A/(o J .fc'» 

Evaluate: /,. - 4/„. For an axis through P mass is farther from the axis. 

IDENTWY: Consider the plate as made of slcn&r rods placed side-by-side. 

SET UP: Tbc expression in Table 9.2(al gives / for a rod and an axis through tb: center of the rod. 

Execute: (u) / is the same as for a rod with length a: / - ^Ma . 

(b) / is the same as for a rod with length h: / - jjMb 1 . 

Evaluate: / is smaller when the axis is through the center of the plate than when it is along one edge. 
Identify: Use the cquatxms in Table 9.2. / for the rod is tbc sum of / for each segment. The parallel axis 
theorem says — / t<- r Md 1 . 

SET UP: Tbc bent rod and axes a and h are shown in Figure 9.59. liach segment has length Li2 and mass A/ /2 . 
EXECUTE: (u) For each segment the moment of inertia is for a rod with mass A//2, length Lf 2 and the axis 

through one cod. For ooc segment, /, - i| 1| £ J - -Li//;. For the rod. /, - 2/ 4 - -ji-A/I 1 . 

(b) The center of mass of each segment is at the center of the segment, a distance of L »’4 from each end. For each 

segment. — J| — j - -— ML '. Axis A is a distance f./4 from the cm of each segment, so for each 


scemcnt the parallel axis theorem gives / fee axis A to he / - -—ML 

96 


-- ML and /. -2/- Ml . 
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Evaluate: / for these two axes arc the same. 

K4>-H 


■m 

*\ 


cm 1/2 

t 


Figure 9.59 


9.60. Idem m: Apply the parallel axis theorem. 


SETUP: In Eq.(9.19). /^s.^.lTand d = {Lf2-h) 


EXECUTE: l-S( 


±rf + f£-4' 

-3/ —tf+Llf-Lh+h* 

12 \2 

.12 4 


^M\Ll!-Lh+h x 

3 


which is the same as found xn Example 9.11. 

EVALUATE: Example 9.11 shows that this result gives th: expected result for h - 0 . h - /. and h = L12 . 

9.61. IDENTIFY: Apply Kq^9.20). 

SET UP: dm - pdV - p{2zrL dr ). where /. is the thickness of the disk. .1/ - xLpR *. 

EXECUTE: The analysis is identical to that of Example 9.12, with the lower limit xn the integral being zero and 
the upper limit being R. The result is / - L\{R l . 

EVALUATE: (>ur result agrees with Table 9.2(0* 

9.62. IDENTIFY: Eq.t9.20>, / = J/ 1 dm 
Set Up: 



Figure 9.62 

Take the a*axis to lie along the rod. with the origin at the left end. Consider a thm sl»:e at ccxmimate x and wxlth 
dr. as shown xn Figure 9.62. The mass prr unit length for this rod is .1/ »’ £.. so the mass of this sIkc is 
dm*{MIL)dx. 


Execute: 


r - f V( M ' L) dx - [ ML IJ ' x 3 dx - < A/ / L X l? f 3) ^ - .1//. 


EvAl.U ate: This result agrees with Table 9.2. 

9.63. iDEVim : Apply Bq.<9.20). 

SET Up: For this ease, dm - y dx. 

Execute: (n> .1/ -J dm - jyxdx=y— - 




<b> / - J x’(yx)dx - *—:—* "T" ^ • This is larger thin the moment of inrrtia of a uniform rod of the same 

mass and length, since the mass density is greater further away from the axis than nearer the axis. 

(c> = m r !LmtLl} . 

This is a third of the result of part (b). reflecting the fact that mere of the mass is concentrated at the right end. 
EVALUATE: For a uniform nxl with an axis at one end. / - - ML . The result in (b) is larger than this and the 
result in (a) is smaller than this. 

9.664. iDFAiitY: We know that » - rtf? and »‘ is tangential. We know that c/ is£ - rof and d^ is in toward the center of 
the wheel. See if the vector prodixt expressions give these results. 

SETUP: \AxB\-ABtinf. where ^ is the angle between /land B 
EXECUTE: (u) For a counterclockwise rotation, tb will be out of the pigc. 
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(b) The upward direction crowd into the roelial direction is. by the right-hand rule. counterclockwise. & and r arc 
perpendicular, so the mignitude of to * t is rur = v. 

(c) to is prrpcndicular to I and so m < »■ has magnitude an’ - and from the right'hand rule, the upward 
direction crossed into the counterclockwise direction is inward, the direction of a 

Evaluate: If the wheel rotates clockwise, the directions of & and I are reversed, but a . is still inward. 

9.65. IDEVIIFY: Apply 0-<w. 

s*:r UP: Tor alignment, the earth must mine through 60° more than Mars, in the same time t. & - 360 & .'vt . 
dH,*360'/<l.9yD. 

Execute: o - o v r 60°. at - «>j + 60". 

'“- w°JW -w ( 110 9,T '**■ 

I>r 1.9 yr 

Evaluate: Faith has a larger angular velocity than Mars, and completes one orbit in less time. 

9.66. IDENTIFY and SET UP: Use l:qs.(9.3( and (9.5). As long as a i > 0. to irxTeascs. At the / when r/ - 0. ta is at 
its maximum positive value aixl then starts to decrease when r/, becomes negative. 


9.67. 


9.68. 


Execute: (u> « (r) - — - ■ " ' ■ - —- 2 yi - 3 / ti ‘ 

di dt 

(c) The maximum angular velocity occurs when a\ - 0. 

2r-6/k.0an f t~,.*=2L = - i20 ™' 1 ' -2,33 
6/y 3 p 3<0.500 rad 's ) 


At this/, ta - lyi-y/k 1 = 2(3.20 rod's'M2 133 s)-3(0.5CO rads ; )(2.l33 s)* = 6.83 rad s 
The maximum positive angular velocity is 6.83 rad s and it txcurs at 2.13 s. 

EVALUATE: For large / both ru and <t # arc negitive and e> increases in magnitude. In fact. ta k —» —x at 
t -> w. So the answer in (c) is not the largest angular speed, just the largest positive angular velocity. 

Identify: The nnguLir arcelcratton a of the disk is related to the linear acceleration ii of the ball by a - Ra . 

Since the accelcraticei is not constant, use to -to lt - J ( tidt and 0-0^- todt to relate 0 . ni . a t and t for the 


disk. to lt = 0. 

SET UP: [r<ii - -1— r‘. In a - R<t . a a In rad* : . 

Execute: (u> A - — - i- - 0.600 mi 1 

/ 3.00 < 

<h> g - — - M 1 ^ 010 m * " _<2.40 rjd'.'lr 
R 0.250 m 

(c> to, - j <2.40 rad s"\«it - 0.20 ral'V . n» - 15.0 rad* for l - - 3.54 % . 


<d» 0-0„- <1.20mi*' )l‘dl - <0.400rod'i'k'. For c -3_54 *. 0-0, - 17.7 rad 

EVALUATE: If the disk had turned at a constant angular velocity of 15.0 rad s for 3.54 t it would have turned 
through an angle of 53.1 rad in 3.54 5. It actually turns through less than half this because the angular velocity is 
increasing in time and is less than 15.0 rad s at all but the end of the interval. 

IDEMIFN and Stir UP: Th: translational kinetic energy is K and the kinetic energy of the rotating 
flywheel is K - y/aJ*. Use the scale speed to calculate the actual speed v From that calculate K foe the car and 
then solve for to that gives this K fee the flywheel. 




9.69. 


9.70. 


Rotation of Riud Bodies 9-17 


v L 

Execute: (u» — -—-L 


- 35.0 kmh 


'-’ 43 ''™“'^ 

v M = (35.0 km.h)(1000 nv I kmX 1 h’3600 s) ^ 9.72 in's 
(b» A' - inn* = it0.1 SO k«K9.72 ms)* =8.50 ) 


(c> A - lifJ givrx that to - 


I 2|8.501) ,. 6S2ntd ,, 

V / V 4.00x 10 kg m* 


EVALUATE: A -2M»* give* w in nuts. 652 rad 1 * - 6200 rcvrtun so the rotation rate of th: flywheel ix very 
large. 

IDENTIFY: - rtt . - /w* . Apply the constant acceleration equations and V F - /;af 

SET L’P: a Ui and arc perpendicular component* of u . *o n - yjet^ -t . 

Execute: —- 1 1 ,n v *0.050 rad/s* 

r 60.0 m 

(b) «/ -<0.05 rad/s 2 K6.W %) =0.300 rad/*. 

(c> a <mX = a>*7 - (0.300 rad/s) : (60.0 m> - 5.40 m/V. 

(d) The sketch i* given xn Figure 9.69. 

(e) a - - ^<5.40 m/s‘» J -f (3.00 m/s*)* - 6. IS m/s*, and th: migmtudc of the force fat 

/’-w»r - (1240 kg>(6.1K m/x*')= 7.66 kN. 

EVALUATE: i* constant and inerca*cs a* to increases. At / - 0 . a ix parallel to > . As f increases. 

a move* toward the radial direction and th: angle between a increases toward 90". 




Figure 9.69 

I DEN I1FY: Apply conservation of energy to th: system of drum plus falling mass, and compare the results for 
earth and for Mar*. 

SET L t P: A' a .. =4Mr . = 4 B1V *. v - If to so if K^ r is th: same, to is tlic same and i ix the same on both 

planets. Therefore. A ,, ix the same. Let y - Oat the initial tvight of the mass and take +y upward. 
Configuraticei 1 ix when the mass rs at its initial position and 2 is when the imxs has descended 5.CO m. so 
y x - 0 and y 3 - -h . wh*r: /i is the height th: miss descends. 

EXECUTE: |a> A. + L\ - A, ■* b\ gives 0 - AV. + A' - mg/i . A.„ -t A an: the xan>: on both planets, so 


A. - no?..A... A.. - /i [ I - (5.00 ml —-—— ! - 13.2 m . 

) l 3.71 m’s* 


I- 
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9.71. 


9.72. 


9.73. 


I*» m guK - T" ,v ' - ~ and 




2 *' A .. 


>u 


(3.71 mi's 3 Ml3.2 ml -. r'-' 1 "- 1 • ] .8.04 mi 
15.0 kg 


Evaluate: Wc dxl the caVrulatians without knowing the moment of inertia / of the dram. t>r the mass and radium 
of the dram. 

Identify and SET L’P: All points on the belt move with the san>: speed. Since the belt doesn't slip, the speed of 
the belt is the sime as the speed of a point on the rim of the shaft and irn the rim of the wheel, and these speeds arc 
related to the angular speed of each circular crtijcct by v - no. 

Execute: 



r izure 9.71 


(•) V, 

to k - |60.0 rcvfc)(2ff rad 1 rev) - 377 rads 
v, ^ rfi\ « (0.45x1 O' 1 mH377 rads)- 1.70 m s 


W = W 

to. ^ (r, !r } )m t - (0.45 cm‘2.00 cm)(377 rad s) ^ K4.K rads 

EVALUATE: The wheel has a larger radius than the shaft so turns slower to have th: same (amentia! speed for 


poems on the 

IDENTIFY: The speed of all points on the beh is the same, so r ( ft» - rjo. apples to the two pulleys. 

SET UP: The seeond pulley, with half the dianxicr of the first, must have twice the angular velocity, and this is 
the angular velocity of the saw blade, t rad ’s - 30 rev’mm . 

EXECUTE: <u> \\ -(2(3450 rev/min))’ — rjd - * 

[ 30 rev,’mi 

i 


,b) fl -‘" V “( 2<34S0 ""Mao' rev.’min jj (° 2< f m )-S- 4 3-' 0 * m/s 1 , 


; 0.208 m 

l 2 

so the force holding sawdust on the blade would have to be about 5500 tinxs as strong as gravity. 
Evaluate: In »* — rrnand - no '. 6? must be in rad ’s. 

IDF.VI1FY and SET L'P: Use I:q.(9.15) to relate to to ami then use a constant acceleration equation to 
replace to. 


■f- 


+12 


" 


Execute: (a 

1 a 'i**: -c\‘ t 

One of the constant acceleration equations can be written 

“4 -W, ' 2 a( 0 ,-OX or «£ ^ 2 a (0,-0,} 

Thus Xj - rla {0. - 0 » - 2ra {0. - 0. ). as was to be shown. 


( b>«= Ad - 


»5.0 m s* -25.0 ms" 


- 8.00 rad s’ 


2r{0 } 2(0.250 m 1(15.0 rad) 

Then <i Ui ^ra- (0.250 m>8.00 rad s 1 ) - 2.00 m s* 

Evaluate: to 2 is proportional to a and K0-0 % ) so a^ is alsoproportional tothese quantities, a^ irxrcasca 
while r stays fixed. increases, and r/. is positive. 

IDENTIFY and SET L’P: Use Eq(9.17) to relate K and m and then use a constant acceleration equation to replace 
Execute: (c) a: = 4 /^; *,= 4 / 4 , 

AAf - K i - K x - 4 -Htol - or ) - 4/( 2a - 0 t )) - Ja <O i -0 l ). as was to be shown 

45.0 J-20.Q 1 


Ul) /- 


- 0.208 kft-m 


I 18.00 rad s*K15 0 rad) 

Evaluate: a is positive. <u increases, and K increases. 
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9.74. Identify: / - -f f w . w - pF . where p is the volume density and m - a A . where <r is the area density. 
s»:r UP: For a solid sphere. / - inrt'. For the hollow sphere (foil). / - int/?*’. For a sphere. V - 4,t/? and 
. 1 « 4 xR* . - pY m - p^t-sR*. m L - a { A g - tr { 4xR* . 

Execute: / - —**,/?* ♦ —m L R* = -| .rrt‘ • + - iLrJJ'j J. 


,m> ^'K 02 On" ,2 0 ^ -0.70kg - m'. 


Evaluate: m* - 26.K leg ami /* - 0.429 kg m‘. m k -10.1 kg and / L - 0.268 kg m* . Even though the foil is 
only 27% of the total mavs its contribution to / is about 38% of the total. 

9.75. IDENTIFY: listimitc the shape and dimensions of your body and apply the approximate expression from 
Table 9.2. 

SET Up: I approximate my body as a vertical cylinder with mass 80 kg. length 1.7 in. ami diameter 0.30 m 
(radius 0.15 m) 

Execute: -1(80kg)(Q.ISm) 1 -0.9kg-m 1 

Evaluate: / depends on your mass and width but not on your height. 

9.76. IDENTIFY: Treat the V like two thm 0.160 kg bars, each 25 cm long. 

SET Up: For a slender bar with the axis at one end. / - i mL . 


Execute: 


r = 2 1*/.' j = 2^ 1 J(0. 160 kgK0.250 m)’ - 6.67 x10 ‘ kg•nT 


EVALUATE: The value of /11 indcpciidcnl of the angle between the two i»de» of the V; the angle 70.0“ didn't 
enter into the calculation. 

9.77. Identify: K . < 2 ^ - rto 3 . m^pY. 

SET Up: For a disk with the axis at the center. / - l^mR 3 • V - txR . where t =0.100 m is the thickness of the 
flywheel, p - 7800 kg/m* is the density of the iron. 

Execute: (u) to- 90.0 rpm - 9.425 rad/s. / - — - 11 —!—-1- - 2.252x 10* kg m‘ . 

1 S 13 (9.425 rad/s>* 6 

pzR't . / - - i pttR '. This give* R - (2 ffpxi) K * - 3.68 m and the diameter is 7.36 m. 

<b) a tmX = Rco' = 327m/s' 

EVALUATE: In K . tom ust be in rad's. a tme is about 33g: the flywheel material must have large cohesive 

strength to prevent the flywheel from flying apart. 

9.78. IDENTIFY: K - + lilt*. To have th: same K for any to the two parts mu»t have the same /. IJre Table 9.2 for /. 
SET UP: For a solid sphere. J„ 4J - ^M^R 3 . For a hollow sphere. I tM - 4 M*a*.R' 

Execute: ^ gives - l.U^R 1 and .»/ w „ = 4'^, = 

EVALUATE: The hollow* sphere lias less mass since all its mavs is distributed farther from the rotation axis. 

9.79. IDENTIFY: K - ^/<u*. to --— . where T is the period of the motion. For the earth’s orbital motxm it can be 

treated as a point mass and / — MR *. 

SET UP: The earth’s rotational period is 24 h - 86.164 s . Its orbital period is 1 >t - 3.156x 10 : s . 

.1/= 5.97x10* kg. =6.3Sx|0‘ m. 


Execute: 


r 186.164 %>■ 


,l,> l.ifj — j - 2t:|5 - 9? ' 4,111 5I> ' 10 " 2.66.10“;. 

2 \ T J (3.156x10 %y 

|c> Since the Earth's moment of inertia is levs than that of a uniform sphere. more of the Earth's mavs must be 
concentrated near its center. 

EVALUATE: These kincta: energies are very large, because the mass of the earth is very large. 
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9.K0. 


9.81. 


9.8L 


iDi.vim: Using energy considerations, the system gains as kinetic energy the lost potential energy, mgR. 

SET UP: The kinetic energy is A' - i/af * i-mV*, with / - LmR 2 for the disk. y-Rm. 

Execute: K - —fw 2 + = —(/•* jh/P). Using / - ~«i/?* and solving for w, ea 1 - —-f and o - ji-iL. 

222 3 R 13 R 

EVALUATE: The small object his speed v - J-I s l2%R . If it was not attached to tlie disk and was dropped from 


in a speed yjlgR . Being attaclud to the disk reduces its Heal speed by a factor of j j— . 


height h y it would attain 


I DEN lin: Use liq .(9.20) to calculate /. Then use AT - to calculate K. 
(a) Srr Ur: The object is sketched in Figure 9.81. 


IVCi 



Consider a small strip of width d\ 
inJ a distance y below the top of the 
triangle. 

The length of the strip is 
xmiyfh)b. 


Figure 9JU 

Execute: The Strip has area .r dr and tlx area of the sign is Lhh. so the mass of the stnp is 


Jm - M 


xdy 

Lfrh 




ft 

.Vi 


, f „ 2.1 th' . , 2Mb-1 1 ... I .. 


(b> I -LX{h- - 2.304 kg m 

ft? - 2.00 rev s - 4.00/T rad s 


A ^ = 182 J 

Evaluate: From Table (9.2). if the sign were rectangular, w ith length b. then / - LHb 1 . (>ur result is one-half 
this, since mass is closer to the axis for the triangular than fee the rectangular stupe. 

Idem in: Apply conservation of energy to tlx system. 

SET UP: For the falling mass A' - inn*. For the wheel K - lie* 2 . 

Execute: (u) The kinetic energy of the falling mass after 2.00 in is K - +mv : - ^(8.00 kg)( 5.00 m s) - ' -100 J 


The change in its potential energy while falling is mgh -(8.00 kg|{9.8 m*s J )(2.00 m) - 156.8 J . The wheel nun 
have the “missing" 56.8 J in the form of rotational kinetic energy. Since its outer rim is moving at the &ime speed 


v 5.00 m s 


ihe falling mass. 5.(XI m s . i - na gives w- 

r 


0 370 m 


13.51 rads. A' &-i/oT; therefore 




2A 2(56.8 J) 
(13.51 rails)* 


0.622 kg m : . 


(b) The wheel's mass is (280 N)/(9.8 m/s J ) - 28.6 kg . The wheel with the largest possible moment of inertia 
would have all this mass concentrated in its rim. Its moment of inertia would he 
/ - MU’ - (2S.6 kg >(0.370 m)' = 3.92 kg m“. The boss’s wlxcl is physically impossible. 
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9.83. 


9.84. 


Evaluate: If the maw falls from rest in free-fall its speed after it has descended 2.00 m is 
v - J2gf2.00 m| - 6.26 mi's . Its actual speed is less because some of the energy of the system is in the form of 
rotaticeial kinetic energy of the wheel. 

Identify: Use conservation of energy. The stick rotates about a fixed axis so K - y/tf*. Once we have use 
v- rco to calculate r for the end of the stick. 

SET UP: The object is sketched in Figure 9.83. 



Take the ccigin of coordinates at the lowest point readied by 
the stick and take the positive v direction to be upward. 


Execute: (u> Use Eq^9.l8): V - Mgy m 
Ail' = V, — f/ ( a - Vj.,) 

Tlie center of mass of the meter stick is at its geometrical center, so 
>*..u - 1-00 m and r M ^ -0.50 m 

Then At - (0.160 kgX9.80 ini' *0.50 m - 1.00 m) ^ -0.7S4 J 
(b) Use conservation of energy: AT, + L\ + U% 

Gravity is the only force that dc*rs work on the meter stick, so - 0. 
A>0. 

Thus K, -L\ -C/j = -A U, where AU’ was calculated in part ta>. 

K i = so - -A V and (tt J - ^2(-A U)H 

For stick pivoted about one end. / - LML 2 where /. - 1.00 m. so 


- 5.42 rod s 


6 |-AU» / 610.784 

Ml; Y(0.160 kgM 1.00 mV* 

(c> v = r<u-(l.00 mK5.42 rad si ^ 5.42 m/s 
(d> For a particle in free-fall, w ith +y upward. 
v«, - 0; y-y 4 “-I 00 m; a % - -9.80 m’s J ; v, - ? 

v - -^2a f (y-y v ) - -^21-9.80 ms'K-I.W ml - -4.43 m s 

EVALUATE: The magnitude of the answer in pari <c) is larger. (/, « the san>: for the stick as for a panicle 

falling from a height of 1.00 m. For the stick A' - y/fl£ - y( A ML 1 Wv/ L)* - y.i/v*. For the stick are! for th: 


particle. K-. is the same hut the same K gives a largcT i for the end of the stick than fee the particle. The reason is 
that all the other points along the stick arc moving slower than the end opposite the axis. 

IDENTIFY: Apply conservation of energy to th: system of cylinder anJ rope. 

SET UP: Taking the zero of gravitational potential energy to be at th: axle, the initial potential energy is zero Oh: 
rope is wrapped in a circle with center on the axle).When the rope has unwound, its center of mass is a distance 
zR below the axle, since th: length of the rope is 2zR and hilf this distance is the position of the center of the 
mass. Initially, every port of the rope is moving with speed 4V t R, and when the rope has unwound, and the cylinder 
has angular >pecd ». the speed of the rope is taR (the upper end of the rope has the same tangential speed at the 
edge of the cylinder). / - (l/ 2 |.l//J‘ for a uniform cylinder. 
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EXECUTE: AT| - K | + R l to\ -1 ‘^L + J Jrtp* - mgxR. Solving for ogives 

C iAxmglR) 

■* ——— : -. and ibe speed of* any part of the rope is v - t\)R . 


Evaluate: Wien m -» 0. to -* eo t . Wien m ».1/ . to - Jto^ -t and v - t- . This k the final 

speed when an object with initial speed v, descends a distance xR . 

9.85. iDEMifrY: Apply conservation of eorrgy to th: system consisting of blocks A and B ar>d the pulley. 

SET UP: The system at points I and 2 of its motion is sketched in figure 9.85. 




Figure 9.85 

Use the wockoicrgy relation A', -*£/, + W^, - K 2 ♦ 6\. Use coordinates where +y is upward and where the origin 
is at the position of block B after it has descended. The tension in the rope does positive work on block .1 and 
negative work of the same magnitude on bltxk B % so the nel w ork done by the tension in the rope is zero. Doth 
blocks have th: same speed. 

Execute: Gravity docs work on block B and kinetic friction does work on Mock A . Thcrefcec 

A' - 0 (system is released from rest) 

- ".gd: 6 \ - m,g} tt - 0 
*1 - r m i v : * -«.>> + t*“£- 
Bui v(blocki) - Aufpulky). mi m. - v,/R and 

*; - t(», * », )‘i + 7'<*» ■'*)*= *<«, ♦ » 4 +/ ir ‘ ).; 

Putting all this into the work-energy relation gives 
"a = 7<“i J *ifj * HR 1 )v' 

<m, -»»i„ + //*’).•; ^ 2gd(m t 

v ,, 

‘ \ m, + m, •!//<• 

Evaluate: If m, » m, and l/H*. then v, - J2gd; block H fall* freely. If/is very Urge, i\ is very small. 
Must have m M > // 4 « ( for motion, so the weight of B will be larger than the friction force on A. HR? has units of 
mass aixl is in a sense the “effective inass~ of the pulley. 

iDt.MltY: Apply conservation of energy to th: system of two blocks and th: pulley. 

SET L’P: Let the potential energy of each block h: zero at its initial position The kinetic energy of the system is 
the sum of the kinetic emrgies of each object, t - Rto, where \ rs the ccmmcm speed of the blocks and <uis th: 
angular velocity of the pulley. 

EXECUTE: The amount of gravitational potcntul energy w hich has become kinetic energy is 
K - (4.00 kg-2.00 kg)|9.80 m/* ? )(S.Q> m|-98.0 J. In terms of the common speed v of the blocks, the kinetic 


energy of the system is K - — ym + m, )v 


4.00 kgr2.CO kg 


•'M 


10.160 ml 


- v*(12.4 kgl. Solving for v ui 


JIVCS » - 


12.4 kg 


2.81 m/ 
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9.88. 


9.89. 


Evaluate: If the pulley is massless, 9K.0 J - 4(4.00 kg -t 2.00 kg)v* and v - 5.72 m's . The moment of inertia 
of the pulley reduces th: final speed of the blocks. 

iDEVim and S*: r L'P: Apply conservation of energy to the molxin of the boop. Use Eq.(9.1S) to calculate £/ glff . 
Use A - i/»‘ i or the kinet»c energy of the hexip. Solve fee to. 71>e center of mass of tbr hcxip iv at its geometrical 



Take the origin to be at the original location 
of the center of the hoop, before it is rotated 
to one side, as shown m figure 9.S7. 


>;, u - A - cos p - £<1 - cos ft) 

y \ m j - 0 (at equilibrium position hoop is at original position) 

EXECUTE: a:, -f L\ + - K s +U} 

-0 (cmly gravity does work I 
A - 0 (released from rest). A% -4^^ 

For a hoop. = A iR\ so / - Md l r MR' with d -R and / - 2MR\ for an axis at the edge. Thus 

u , * - u S R ( l V,- "Igi^ - 0 

Thus A 4 + U x r If. - A^ -f L f , gives 

M^Ril-cm/T) - MR'tit and to * ^(l-cos/fy A 

Evaluate: If /?-0. tlxn co^ -0. As p increases, ak increases. 


Identify : a: - -/nf. with to in rad s. P - 


:neiey 


Set L’P: For a solid cylinder. / - 4 1 rev mm - (2 xf 60) rad s 

Execute: (u) 3000rcvftnin ^314nd*. / ^4(10)0 kgK0.9CO m> : - 405 kg m* 

A' - 4(405 kg m* HA 14 rad s)*' - 2.00* 10 : J . 

|b) f .£- - 00,l<> 1 -l.PS.IO 1 ^ 17.9 nun 
P 1.86x10* W 

EVALUATE: In A - 4/<«*. we must use tom rad s. 

IDIAIIFY: / = /, +/j. Apply conservation of energy to the system. The calculation is similar to Example 9.9. 
SET UP: to - — for part (b) and to - — for part <c». 


EXECUTE: (a) I - i«0.80 kg)(2-50xI0 *’ m) a ^(1.60 kgHS.OOxlO • m)*> 

/ -2.25x10 * kfi m : . 


(b) Tlie method of Ilxamplc 9.9 viekls v 


v - 


_ 2(9.80 m, l s i H2.00 m) _ 

(I .((2,25.10 ' kg-m')i'(l.50 kgK0.O25 mi ; )> 


I. (/>«(• 

-3.40 m.'s. 


The same caleulatKin. with R : instead of R gives v - 4.95 m/s. 

Evaluate: The final speed of the block is greater when the string is wrapped around the larger disk, i* - Rto % so 
when R - R : the factor that relates i to to is larger. For R - A : . a larger fraction of the total kinetic energy resides 
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9.90. 


9.91. 


9.92. 


9.93. 


with the block. The total kinetic energy is the umc in both ease* (equal tOM#A) so w hen R - R } the kinetic energy 
ind speed of the block an: greater. 

IDENTIFY: Apply conservation of energy to lb: motion of the max* after it hits the ground. 


Ski UP: From Exanmlc 9.9. the meed of the mass iust before it hits the ground is v - 


2y.h 


l-t M f 2m 


EXECUTE: (at In the case tbit no etxrgy is lost, the rebound height S' is related to the speed v by f\ - ——. and 


with the form for v given in Example 9.9. h - --—. 


(b)Consi&ring the system as a whole, some of the initial potential energy of the mass went into tfo: kinetic energy 
of the cylinder. Considering the mats alone, the tension in the string did work on the mass, so its total energy k not 
conserved 

EVALUATE: If m ».1/ . h' - h and the mass docs rebound to its initial height. 

IDENTIFY: Apply conservation of energy to relate the height of the mavx to the kiretic energy of the cylinder. 

SKI UP: First use At cylinder) - 250 J to find to for the cylinder and v foe the max*. 

Execute: ! =1 MR 1 - U 10.0 kgMO.150 m)--0.1125 kg m 1 
K ^ 4 ho «1 n> - JIkTJ - 66.67 rad It 
v* Rio -10.0 ml* 

SKI UP: Use conservation of energy AT, ♦ b\ - A. -f L\ to solve fee the distance the mass descends. Take y - 0 
it lowest point of the mass, so \\ - 0 and y, - h. the distance the mass descends. 

Execute: A, = b\ - 0 so 6’, = A y 

mgh - 4- i/af. where m - 12.0 kg 

For the cylinder. / - y.l/rt 3 and ai = v/J?, so y/» ; - 2 

rryh - lm\ ' + 

Si 

2 g\ 5 nt 

Evaluate: For the cylinder A. y -4 /a»* ^ 4(4.\/A*’)<i/Af 

so A # _-(Iw'.l/iA^ -(2(12.0 kg>T0Okgl(250J) ^6000 J. The moss has 6(0 J of kinetic energy 
when the cylinder has 250 J of kinetic energy and at this point the system has total energy 850 J since - 0. 
Initially th: total energy of the system is L r t - mgr, - mgh - S50 J. so the total energy is shown to be conserved. 
IDENTIFY: Energy conserv ation: Loss of U of box equals gain in K of system. Both the cylinder and pulley have 
kinetic energy of tbr form K —|/<u‘ + — I r +—/ 




7.23 m 


SET UK alil adA^a— 


Execute: 


gh - iflfcvg + i flflrf 1 -i +1 Jim, r; I I — | . mtfh - Iflrf + i*,l£+ i«i< i ' and 


: >2 


2 12 




t3.00kgil9.S0 m-VKI .50 m> 


= 3.6S m/s . 


T-a- *"»,♦*■* V * J® kg ^il7.«0kgl 

Evaluate: If the box was dcscixincctcd from the rope and dropped from rest, after falling 1.50 m its speed 
would he v - ^ 2^11.50 ml - 5.42 m's . Since in the problem some of the energy of the system goes into kinetic 
energy of the cylin&r and of the pulley, the final speed of the bax is less than this. 

IDENTITY: / - . where is I for the piece punclxd from the disk. Apply the pirjllcl oxis theorem 

colcukitc the required moments of inrrtia. 

SETUP: For a uniform disk. ! -±MR l . 
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EXECUTE: (a) The initial monxnt of inertia is /, - i.i/Af*. The paccc punched has a mass of —- and a moment 

16 

of inertia with resrxet to the axis of the original disk of 


- i - +!-[ MR 1 
16 21 4/ ^ 2 ; I 512 


The moment of inertia of the remaining piece ts then / - — .1//?* -— —SIR' - z}—\{R\ 

2 512 512 

|h> / ^ l.UR : * \t(R/2) 3 -^(.l//16)!J?/4) J = ^MR\ 

EVALUATE: Tor a solid disk and an axis at a distance RS2 from the disk's center, tlx parallel-axis theorem gives 
/ - IMR 1 -4 MR - ttMR 2 . Tor both choices of axes the presence of the hole reduces /. but the effect of the hole 
is greater in pari <ak when it is farther from the axis. 

Idem itY: In part (a) use tlx parallel-axis theorem to relate the moment of inertia /„. for an axis through the 
center of the sphere to ! y . the moment of inertia for an axis at the pivot. 

SKI L’P: / for a uniform solid sphere and the axis through its center is i.! 1R~. / for a slender rod and an axes at 
one end is kntX.*. where n? is the mass of the reel and /. is its length. 

EXECUTE: (a) From the parallel-axis theorem, the moment of inertia is /*. - (2/5).!//?* t ML\ and 

_^__j l-jl.;; j II'ff =10.051/.. Ihc difference u (2,/Sl(0.«S > : -0.001 -0.1%. 

(h) (/ — / Ml })»(nr which is 0.33% when = (0.0l»A/. 

EVALUATE: 111 loth these eases the ctmvclion lo / - Ml: is very small. 

IDEMUY: Follow the instructions in the prefclem lo derive the perpendicular-axis tlxorcm. Then apply that 
result in part <b). 

SKI L t P: / - • The moment of incitia for the washer arxl an axis perpendicular to the plane of the washer 

at its center is L-T/t/?* ♦ /?*). In part |b|. / for an axis perpendicular to the plane of the square at its center is 

ijMil! + L l )^±Ml!. 

Execute: <u> With respeet to O s r? - x* + v, J , aixl so 

<a ; X’"'' - Z*M*’ *y‘) = Y. mx ' ' I".*' =H- 

j i j / 

(b) Two perpendicular axes, both perpendicular to the washer's axis, will have the same moment of incitia about 
those axes, and tlx perpendicular axis theceem predicts that they will sum to the moment of inertu about the 
washer axis, whxh is / - t R*X and so S t = l f ^^SUR* * R^\ 

|c) J 4 - iml*. Since J tl = / -f / . and / 4 - / . both / and / must be i ml}. 

EVALUATE: The result in pirt (c) xiys that / is the sanx for an axis that bisects opposite sides of the squire as for 
in axis along the diagonal of the square, even though tlx distribution of mass relative to tlx two axes is quite 
ditTerent xn these two cases. 

Idem itY: Apply the parallcl-axtt theorem to each side of the square. 

SKI L ! P: Each side has length a and mass .1/ / 4. and the moment of inertia of each side about an axis 
perpendicular to the side and through its center is TTT .V/a* - 4 . Aft /*. 

Execute: The moment of inertia of each side about tlx axis through the center of the square is, from the 
perpendicular axis tlxorenv ■* —j-( | - -p— • The total moment of itxriia is tlx sum of the contributions 

from Ibe four sxlcs. i* 4- 

Evaluate: lf all the mass of a side were at its center, a distance a/2 from the axis, we would have 

If all the mass was divided cquillv among the four comers of the square, a distance 


i/Jl from the axis, we would have / - 4J —j- 


Ihc actual / is between these two values. 
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9.97. 


9.98. 


9.99. 



IDENTITY: live Eq.|920> to calculate /. 

(a) Si I Uf: l.ct L be the krngth of the cylinder. Divid: the cylinder into thin cylindrical shells ot’inner radius r 
and outer radni* r+dr. An end view it .shown in Figure 9.97. 


Figure 9.97 


p - ar 

The maw of the thin cylindrical shell is 
dm-pdV - pil.Tr Jr)L - IxaLr- Jr 


Execute: / J r 1 dm - 2 xr/lj^r 4 dr - 2 «£(f= fxaLR' 

Relate .1/ to o'. A/ - J dm - 2xt. /I.f r 3 dr - IxaL^R') -lxnLR k % so xaLR* - 33//2. 


Using this in the above result for / gives / - |(33f . 2 )R =$MR\ 

< l>> EVALUATE: Far a cylinder of uniform density / - jA/J?*. The answer in (a) is larger than this. Smcc the 
density increases with distance from the axis tlx cylinder in (a) has more mass fartlxr from the axis than for a 
cylinder of uniform density. 

IDEM1FY: Write A' in terms of the period T and take derivatives of both sides of this equition to relate »VA' :di to 
dT . dt . 

SET Up: 411111 * “ i/»* ^* c S P CC41 ** c “ 3.00x10* m s . 


lx 1 ! JK 

Execute: (■) AT----- 

T~ dt 

inertia / in terms of the power P % 


Xx'iJT ^ _ t 4 x'ldT 

-The rate of energy kiss is - 

T Jl T Jl 


Solving for the moment of 


rr‘ i (Sxio" \vmo.o3Ji »)* 

TT <!T:<i( ip 


4.22 * 0 


l.i>9< 10“ kg m ! 


lhtR \JL, *\ 9.9x10- m. about 10 1 m 
V 2.1/ y 2< 1.4X1.99x10 kg l 

lf) v ^ J ^x»0 ,m )- l . 9xlo . , li6J „o V. 

r (0.0331s) 

(cl I p - -2- - ^ ^ - 6.9 x 10 1 kg/m*. which is much higher thin the dmsitv of ordinary rock by 14 orders of 


magnitude, and is comparable to nuclear rmss densities. 

EVALUATE: / is huge because A/ is huge. A small rate of change in the period corresponds to a large release of 
energy 

IDENTITY: In part (a). do the calculations as specified in the hint. In pari <b) cakulate the mass of each shell of 
inner radius R i and outer radius R. and sum to get the total mass. In pari <c) use the expression in part ta) to 
calculate / far each shell and sum to get the total / 

SET UP: m a pY . For a solid sphere. V - ±.rR k . 

EXECUTE: (a) Following the hint, the moment of inertia of a uniform sphere in terms of the miss density is 
/ - 2 . 1 /A' -lf.TpR\ and so the difference in the moments of inertia of two spheres with the same density p but 
different radii R, and R i is / a/*&r/l5X*£-A,'). 

<b) A rather tedious calculation, summing the pnxluct of the densities times the difference in the cubes of the radii 
that bound the regions and multiplying by 4*/3, gives A/ - 5.97 x 10* kg. 

(c) A similar calculation. summing the product of the densities time* the difference in the fifth powers of the radii 
that bound the regions and multiplying by &r/IS, gives / - 8.02 x I0 53 kg m* » 0.334A/A 3 . 

Evaluate: The calculated value of / - 0.334A/A* agrees closely with the measured value of 0.3308A//?*'. This 
simple model is fairly accurate. 
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9.100. 


9.101. 


Identify: Apply Eq.<9.20) 

SET UP: Let z be the coordinate along the vertical axis, riz) - —— . dm - Tp and dl —-—— z* dz . 

h h' 2 h 

Execute: / - f dl - —— I z*dz - — r' f - — xpR*fi . The volume of a right circular cone is 
J 2 h 10 h' 1 10 6 

V - I** 2 *, the mass is {xpR*h and so / - — _1_1_ R : _ JL\{R : . 

* * V 10*. 3 J 10 

EVALUATE: Lot a uniform cylin&r of radius R and for an axis thri>ugh its center. / - i.l iR~. / for the cooe is 
less, as expxted. since the cooe is constructed from a series of parallel dtscs whose radii decrease from R to zero 
along the vcrtral axis of the cone. 

IDENTIFY: Follow the steps outlined in the problem. 

SET UP: a> ^ dOi dl . a ^ <<h l . 


EXECUTE: (■) ds -r dO - t\dO + fW dO so s{0) - rfi + yfr . O must be in radians 
(b) Setting s - vf - rfl+^O* gives a quadratic in 0 . The positive solution is 
m-^r 0 ‘+2/»-r a ]. 

(The negative solution would be going backwards, to values of r smaller than/*. • ) 


dO 

(c) Differentiating. to. (f) = — 
dl 


do 


r. 1 •* 2 fhl ~ dl ~ 1,2 + 20*)* 


The angular acceleration a is not 


constant. 

(<lF r. t - 25.0 mm. 0 must he measured in radians, so fl - (l.55//m/icv)(l rc vf2x rad) - 0.247//m/rad. Using 
0{t ) from part (b). the total angle turned in 74.0 min - 4440 s is 

j ^2(2.47x10 'nv‘rad)(l.2S m'i)(4-110 *(••( 25.0x10 'm( ! -25.0x10 ' m ; 


2.47x10 in rad 

P~ 1.537x 10 1 rail. which in 2.13x10' rev . 

(e) Tlic graphs are sketched in Figure 9.101. 

EVALUATE: o must decrease as r increases, to keep t - rto constant. For to decrease in time, a must be 
negative. 






MM 


IS 


Figure 9.101 
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IDENTIFY: Use Eq.l 10.21 to calculate the magnitud: of the torque and use the right-hand rule illustrated in 
Fig< 10.41 to calculate the torque direction. 

(a) SET Ur: Consider Figure 10.1a. 

F — 


--41X1 


* = TO 


EXECUTE: r - n 
l - rsix 0 - (4.00 m)sin90° 
t - 4.00 m 

r - (10.0 NX4.0I ml ^ 400 N m 


Figure lO.lu 

This force tends to pnxlucc a counterclockwise rotaiii>n about the axis; by the right-hand rule the vector z is 
directed out of the plan: of the figure. 

(hi SET UP: Consider Figure 10 . 1 b. 

\ Execute: r -F! 

\ — X / = ran A- (4.00 m)sml20° 

V'"’ /-3.461 m 

uU * . r * (10.0 NX3.464 m) ^ 34.6 N m 

Figure 10 . lb 

This force tends to produce a counterclockwise rotatii>n aKiut the axis, by the right -hand rule the vector z is 
directed out of the plan: of the figure. 

(Cl SET UP: Consider Figure 10 . 1 c. 

f* Execute: r-f/ 

4 . Wm -- 30° / a rsin<$ - (4.00 m) sin 30° 

--. J- - / ^ 2.00 m 


r - < 10.0 NM 2.00 ml - 20.0 N m 


Figure 10 . 1 c 


This force tends to pnxluce a counterclockwise rotation about the axis; by the right -hand rule the vector z is 
directed out of the plan: of the figure. 

(di SET UP: C onsider Figure 10 .Id. 



Execute: z - Ft 
i ^ rsin$$ - < 2.00 m)sin60° = 1.732 m 
r * ( 10.0 NM1.732 m)-17.3 N m 


Figure 10. Id 

This force tends to pnxlucc a clockwise rotation about the axis; by the right-hand rule the vector r is directed into 
the plane of the figure. 

(el SET Up: Consider Figure 10 . 1 c. 

y/* Execute: r - Ft 

-■ - i r*0 so /-0 and r-0 


figure lO.le 
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(o Set Ur: Consider Figure 10.1 f. 


Execute: r - n 
t = r*inf. ^180°. 
so / = 0 and r » 0 

Figure lO.lf 

Evaluate: The torque is zero in parts (c) and ifl because the moment arm is zero; the line of action of the force 
passes through the axis. 

10 .2- IDENTIFY: r - FI with / = /sin^ Add the two torques to cakulate the net torqu: 

SET L'P: Let counterclockwise torques be positive. 

Execute: r, - -FJ t ^ -<8.00 N*5.00 m>= -40.0 N m. r 3 - +FJ 2 ^ (12.0 N*2.00 m)xin30.0*- *12.0 N m . 
£r - r, + r 5 = -28.0 N m . The net torque is 28.0 N • m , clockwise. 

Evaluate: Even though F x < /\. th: magnitude of r, is greater than the magnitude of r% % because F x has a 
larger moment arm. 

10.3. IDENTIFY and s*:r L'P: Use Eq.( 10.2) to calculate the magnitude of each torque and use the right*hand mlc 
(Fiev 10.41 to (taerminc the direction. Consid:r Figure 10.3 



Let counterclockwise be the positive sense of rotation. 
Execute: j; - r, ^ r> = ^(0.090 ml'* <0.090 m)-* ^ 0.1273 m 
r,=-^ t 

/, - j;sin£ - (0.1273 m I «n 135*-0.0900 m 
r, = -(18.0 NMOWOO m)--1.62 N m 
r, is directed into roper 


^ r 3 sin£. ^ (0.1273 rnism 135° ^ 0.0900 m 
Ts ^ *<26.0 N)0.0900 m) ^ +2.34 N m 
fj is directed out of paper 

r>*+FA 

/, *r 4 sin^ -(0.1273 m)sm90° - 0.1273 m 
r> = *<l 4.0 XK0.1273 m>- *1.78 N m 
I*. is directed out of paper 

]Tr-r 1 »r J 'r 1 --l.62N-m»2.J4N m-.!.78N m-2.50N m 

EVALUATE: The ivt torque is positive, which means it tends to produce a counterclockwise rotation, the vector 
torque is directed out of the plane of the paper. In summing th: torques it is important to include * or - signs to 
show direction. 

10.4. IDIAIIFY: Use r - Fi - r/*sin$$ to calculate the magnitude of each torque and use the right-hand rule to 
determine the direction of each torque. Add the torques to find the net torque. 
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10.5. 


SET Up: Let counterclockwise torques be positive. Foe the 1 1.9 N force ( F L r - 0. For the 14.6 N force ( F 1 ). 
r => 0.350 m and p - 40.0" . For the 8.50 N force ( F, K r - 0350 m atxl fi - 90.0 1 
Execute: r, ^0. r. - hi 4.6 NK0.35O m>sin40.0°- -3.285 N-m. 

r t = *(8.50 N X0.350 m)xin90.0° ^ +2.975 N m Yz^ -3.285 N-m-2.975 N-m* -0.31 N m The net torque 
is 0.3 IN m ami is clockwise. 

Evaluate: If we treat th: torques as vectors. r ; . is into th: page and r. is out of the page. 

IDE.MIH and S#:r L'P: Calculate the torque using Lq.< 10.31 and also determine the direction of the torque using 
the right-hind rule. 

(a) r - (-0.450 m)( (0.150 ml j; F - (-5.00 N(i -(4.00 N) j. The .'ketch u given in Figure 10.5. 


( 



Execute: (b) When the fingers of your right hand curi from the direction of r into the direction of F (through 
the smaller of the two angles, angle j) your thumb points into the page (the direction of r, the -r-drccticci). 

(c> r* - r x f -[<-0.450 m)S *<0.150 m)>]x[(-5.00 N)r ? + (4.00 N)/j 
r - +(12S N -mlr* xi-(1.80 N m)ixj- (0.750 N• m )jxi + 10.600 N m> j x ) 


i x/- 4. jxi - -k 

Thus i* = -<lS0N mtf-(O.750K inX-*) = (-lX)5 N in>k. 

Evaluate: The calculation gives that t is in the -r-diroctwn. This agrees with what we got from the right- 
hand rule. 

10.6. IDS-Vim: Use r = FI - rF sin^ for the magnitude of the torque and the right-hand rule for the direction. 

SET UP: In part (ak r = 0.250 m and p - 37° 

Execute: lal z - (17.0 NR0.250 m)sin37 5 - 2.56 N m . The torque is counterclockwise. 

<b) The torque is maximum when $ - 90° and the force is pcqvndicular to th: wrench. This maximum torque is 
(17.0 NMO-250 m> = 4.25 N m . 

EVALUATE: If the force is direeled along the handle then the torque is zero. The torqix increases as the angle 
between the force and the handle increases. 

10.7. iDEYiin: Apply £r.-/«. 

SET If: a, -0. m - (400 rev.min 1 -1 ^ 1-41.9 radt 

41 { 60 vmin ) 

Execute: r W*-"** 1 =(i5Qk 8 m*) 41 9radlS = l3.IN ni. 

Evaluate: In r. - la t % a t must be in rad s*. 

10.8. iDLYIItY: Use a constant acceleration equation to calculate a and then apply Y r . - /<*, • 

SET UP: / * 2mR l . where M ^ 8.40 kg. m * 2.C0 kg .so / - 0.600 kg in*'. 

to u - 75.0 rpm - 7.S54 rad/s; at, - 50.0 rprn - 5.236 rad/s; f - 30.0 s . 

Execute: <u - * at gives a = -O.OS726 rad/%* . r - la - -0.0524 N m 

Evaluate: The torque is negative tccause its direction is opposite to th: direction of rotaixm. which must h: 
the case for the speed to decrease. 

10.9. I DEV iky : Use Y z . - 1°. 1° calculate a . Use a constant angular acceleration kinenutic equation to relate a . 
to and /. 

SET UP: Fora solid uniform sphere and an axis through its center. / -*A //?*. Let the direction the sphere is 
spanning tv th: positive sense of rotation. The mon>mt arm for the friction fccce is / - 0.0150 mand the torque due 
to this force is negative. 
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10 . 11 . 


10 . 12 . 


Execute: 


r, H0 020INK0.0150 m i 
7~ a (0.225 kg 1(00150 ml' 


-14.8 rad-s 3 


to -22.5 rad's 

<10 « ~ - -22.5 rad s <u - ^ ♦ at gives /-—-— - I 52 s 

a t -14.8 rad s* 

EVALUATE: The fad that a m is negative means its direction is opposite to the direction of spin The nc&itivc 
a A causes o t to decrease. 

IDENTIFY: Apply 7,r. - to the wheel. The acceleration a of a point on the cord and the angular acceleration 
a of the wheel arc related by a - Ra . 

SET L'P: Let the direction of rotation of the wheel he positive The wheel has the shape of a disk and / - 7 MR . 
The free-body diagram for th: wheel is sketched in Figure IO.HXi for a horizontal pull ami in Figure 10.1 Oh fee a 
vertical pull. P is the pull on the cc*d and F is the force exerted on the wheel by the axle. 

Execute: (a) a - --———111———- 34.S rad' 1 . a- Ha- (0.250 mM34 8 rad'*' >-*.T0 m'*. 

' / ±(9.20 lg)02S0 ml' 

(h) F. = -P. F, ^ -Mg . F - - J(40.0 N> J »(|920 kg)|9.S0 mi 1 ])*’ - 9S.6 N . 

' ’ ~" t- - 11 - — ''' s 1 jnd d-66.1" . The fwce cxcrlcd by the axle ha* imsniludc OS.6 N and 
|f.| P 40.0 N 

is directed at 66 . 1 & alxivc the horizontal, away from the dircctxm of the pull on the cord. 

(c) The pull exerts the same torque as in part <ak so the answers to part <a) don't change. In pari <b), 

F + P- Mg and F - Mg - P - (9.20 kgM9.K0 m'*)- 40.0 N = S0.2 N . The force exerted by the axle ha* 
magnitude 50.2 N and is upward. 

EVALUATE: The weight of the wheel and the force exerted by the axle pcodurc no torque because they act at the 
axle. 



(*) (b) 

Figure 10.10 


iDEN 11FY: Use a constant angular acceleration equation to calculate a i and then apply ^r t - /a to the motion 
of the cylinder f k - . 

SET L'P: / - r mR - ^ 825 kg}(0 0750 m)' - 0.02320 kg m : . Let the direction the cylinder is rotating be 
positive, zy,. - 220 rpm - 23.04 rati s; n> i 4.0-0,,- 5.25 rev - 33.0 rad . 

Execute: <u 3 - * 2a (0-0,) gives a - -8.046 rad's". £r - x f - -f k R - -p k nR . Then - la gives 

R - la and n - — ^ 7.47 N . 

/A* 

EVALUATE: The friction torque is directed opposite to the direction of rotation and therefore produces an angular 
acceleration that slows the rotation. 

IDENTIFY: Apply Yf - ma to the stone ami Y r - la to the pulley. Use a constant acceleration equation to 
find a for the stone. 

SET L’P: For the motion of the stone take +y to be downward. The pulley has / - ».l IR ‘. a - Ra 





Dyrumics of Rotational Mol km 10-5 


10 . 13 . 


10 . 14 . 


EXECUTE: (a) v-v, gives 12.6 no - 7 <j t (3.00 s)’and o. - 2.S0 m/s* . Then - nw ( applied 

lothe stone gives m# - 7* -mu . ^r t - la applx-d to the pulley gives TR - lMR l a - ±MR 3 (a! R) . T - ^.l/o . 
C ombining these two equations to eliminate T gives 

Ml a \ J 10.0 kg V 2.80itvs* 


M 


ms* -2X0tns 


-2.00 kg. 


(b> r - -Ma ■- -(10.0 kg)(2.SO ms*) -14.0 N 

Evaluate: The tension in the wire is less than the weight mg - 19.6 N of the stone, because the steme has a 
downward acceleration. 

Ideviify: Use the kincmatx informatKm to solve tor the angular acceleratHm of the grindstooc. Assurrc that the 

grindstone is rotating counterclockwise and let that be the positive sense of rotatxm. Then apply Eq.(10.7) to 

calculate the friclion force and use f t - f\n to calculate j/ t . 

SET L*P: i* u - 850 rev. tnir*2* rad 1 revH I min 60 s) - S9.0 rod s 

f - 7.50 s: a, - 0 (comes to rest); a -? 

Exec i te: o, +ai 

0-89.0 rad's .. , 

a -- - l 1.9 rad s 

J 7.50 s 

SET UP: Apply - Ja m to the grindstooc. The froe-bedy diagram is given in Figure 10.13. 


'V 



Tlie mxmal force has zero moment arm fee rotation about an axes at the center of the grindstone, and therefore zero 
torque. The only torque on the grindstone is that due to the frictnin force f t exerted by the ax; for this force the 
monxnt arm is / - R and the torque is negative. 

Execute: £r 

l - IMR (solid disk, axis through center) 

Thus £r gives }a, 

MRa (50.0 kgX0.260 mX -119 rad %*) 




-0.483 


2n 2(160 N) 

EVALUATE: The friction torque is clockwise and slows down the counterclockwise rotation of the grindstone 
Ide.vupy : Apply ~ma t to the buckcl. with +y downward. Apply - /fl 4 to the cylinder, with the 
direction the cylinder rotates poutivc. 

SET Up: The free body diagram for the bucket is given in Fig. 10.14a and the tree-body diagram for the cylinder 
is given in Fig 10.14b. / - i.l IR‘ u(buckct) - /fo< cylinder! 

Execute: (n) For the bucket, mg-T-ma. For the cylinder. Yr - la gives TR - ±MR : a. a-a/R then 
gives T - i?Ma . Combining these two equations gives mg -^ Ma - ma and 

a ——— - 1 ' *‘ r - • 9.80 m s* > - 7.00 m % : . 

T - wig - a) ^ (15.0 kgX9.80 mV - 7.00 m'f) = 42 0 N . 

|b) yf - » # \ +2<r,(y-y l ) gives i r = ^2(7.00 m s'X100 m) -11.8 ms. 

(r) a, -7.00 m.'. y-v.-10.0 m. y-.v, ^ v..f 4«.i' give* / - | ~ 0 T "V - 169 . 

\ a, V 7.00 nvs 
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10 . 16 . 


(d) yf. - ru, applied lo the cylinder gives n-T - Mg - 0 anil 
n = T + mg = 42.0 N + (l 2.0 kg *9.80 nvx J ) = 160 X. 

Evaluate: The tenuon in the rupc is lest than the aright of the bucket, because tlx burket has a downward 
acceleration. If tlx rope were cut. so the bucket would be in free-tall, the bucket would strike the water in 


f = 


2110.0 in I 


9.HO sn.'s 
the bucket. 


- 1 .45 s and would have a final speed of 14.0 m s. Tlx presence of the cylinder slows tlx fall of 





<*> 

Figure 10.14 

I DEN tin: Apply V F - ma to each book and apply - la to the pulley. Use a constant acceleration 
equation to find tlx common federation of the books. 

SET Up: m - 2.00 kg . m, - 3.01 kg. Let 7; be the tension in the part of the cord attached to and T. be the 
tension in the part of the cord attached to m 1 . Let the +x*direcbon be in the direction of the federation of each 
book, a - Ra . 

EXECUTE: (a) .Y - x % - v„,l -tT aj 2 gives a . - ——— - ^ - 3.75 m s'. u, - 3.75 m s* so 

7, - jw »7.50 N and T : ^m 2 (g - 4 )= 18.2 N . 

(10 The torque on the pulley is (T - 7 ,)R - 0.803 N m. and the angular acceleration is 
a = a x jR - 50 rad/s 1 , so / = z/a - 0.016 kg • m\ 

EVALUATE: The tensions m the two ports of the coni must be different, so there will be a net torque on the 
pulley. 

IDENTIFY: Apply V F — ma to each box anJ V r # - Sa J to the pulley. The magnitude ii of the acceleration of 
each box is related to the magnitude of the angular acceleration <1 of the pulley by a - Ra . 

SET Up: The frcc-body diagrams for each object ax shown in Figure 10.16o*c. For the pulley. R - 0250 m and 
/ - 4.1 4R T and T. ax the tensions in the w ire on either side of the pulley, m - 12.0 kg . m, - 5.00 kg aixl 
. 1 / - 2.00 kg . F is tlx force that the xxle exerts on the pulley. For the pulley, let clockwise rotation be positive. 
Execute: (u) - mo for the 12.0 kg box gives T x - m { a . - ma for the 5.00 kg weight gives 

m.g - F - m,a . £r. - la for the pulley gives (7J - T X )R * >a .a - Ra and T } -T - ±Ma . Adding these 

thxc equations gives m.g - (m t + m 2 + )a and 

5.00 kg 


|9.S0 tut 1 ) ^ 2.72 ms : . Then 


m t r nu + T M ) I. 12 0 kg * 5.00 kg 1.00 kg 
7 ; =. n\a -( 12.0 kgM2.72 m s') ^ 32.6 N . m# - T : - m a gives 

T. - (g - a) - (5.00 kg M9.80 ms* - 2.72 ms*' ) - 35.4 N . The tenuon to the left of the pulley is 32.6 N and 
below the pulley it is 35.4 N. 

(b) a - 2.72 mfc* 

(c> For the pulley. Y f - mtf. gives F t - T - 32.6 N and ]T/’. - ma, gives 
F - Mg + 7*. = <2.00 kgX9.S0 mV) + 35.4 N - 55.0 N . 
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Evaluate: The equation mg - (m, ♦ m% says thxt the external force m 3 g must aeeclenitc all three 

otoccts. 


f w,jr 

(a) 


M.v* 



3 


IDEs 11FY: Apply V r - la to the post ami f - /«o to the hanging mass The acccleratxm a of the mass has 
the same magnitude ax th: tangential acccleratxm a - ra of the point on the post where the string is attached: 
r -1.75 m -0.500 m -1.25 m 

SET UP: The freebody diagrams for the post and man arc given in Figures 10.17a and b. The post has 
/ - LML 3 . with M -= 15.0 kg and L = 1.75 m . 

ML 3 


Execute: (a) £ r - - ia . for lhc P°* gives Tr -( iML \<1 . a - /r/ so a - — and T - j |<j . - ma > ^ or 

the mass gives - 7 - our . These two equations give oig - liw -t ML .'13/** |)i? and 

— j<9.80nV**) = 3.31 m's‘. 


= _ 5.00 kg _ 

Ml: ~ 15.00 kg -[15.0 kg][1.75 m]' 3JI.25 

:i 3.31 ml' 


2.65 rad f. 


U - — - 

r 1.25m 

(b) No. As the post routes and the point where th: string is attached nxives in an arc of a circle, the stnng is no 
longer perpendicular to the post. The torque due to this tension changes and the acceleration due to this torque is 
not constant. 

(c> From part (a), a — 331 nv’s' . Th: acceleration of the mass is not constant. It changes as a for the post changes 
EVALUATE: At the instant the cable breaks the tension in the string is less than the weigh* of the mass because 
the ma.ss accelerates downward and there is a net downward farce on it 


X 

r = 1.25 n 

X 


: I- 




Mr 


M 


lb) 


Figure 10.17 

IDENTIFY: Apply £r - /« to the rod. 

Set Up: For the nxl and axis at one end. / - IMS 3 . 

R IF 


LXECITL: 


/ “ Mi 


EVALUATE: Note that a decreases with the length of the nxl. even though the torque increases. 
iDl.vim: Since there is rolling without slipping* v Bi - Rto . The kinetic energy is gi\cn by Fq.(IO.S). The 
velocities of paints on the rim of the hoop arc as described in Figure 10.13 in chapter 10. 

SET UP: ai - 3.00 rad s and R - 0.601 m. For a hoop rotating about an Axis at its center. / = MR 3 . 
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10 . 20 . 


10 . 21 . 
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Execute: (u> v„ - /to = (0.600 m)|3.00 rads) ^ I .SO ms . 

(b> A' = + ±Sm : = fl#y. s . ♦ 4f.W‘ >1^.//r 1 ) = Af>i. = (2.20 kg)(! .80 m s)*' ^ 7.13 i 

fc)(i) y = 2v „ = 3.60 ms. r is to the right, nil y « 0 

(iii) i' = + *'L “ = >/2»„. = 2-55 Bi* • v at this pninl is at 45 : below the horizontal. 

I cl | To someone moving to the right at v - v i(i t the boop appears to rotate about a stationary axrs at its center. 

(i) y = Rm - 1.80 m s . to th: right, lit) »• = 1.80 in's . to the left, (iii) »• = 1.80 m s . downward. 

EVALUATE: For the special ease of a hoop, tb: total kinetic energy is equally divi&d between the motion of the 
center of mass and the rotation about the axis through the center of miss. In the rest frame of the ground, different 
poants on the hoop have different speed. 

iDl.vim : Only gravity does work, so ir -w , -0 and conservation of energy gives A. +L\ - K< + V { . 

SET L’P: Let ft = 0 . so U f =0 and ft = 0.750 m. The hoop is released from res* so A, = 0. v. t - /to . For a 
hoop with an axis at its center. = MR *. 

Execute: (u) Conservation of energy gives L\ - A,. A, - ±\1R : cy +±{MR' | <v* - A/Anf . so MRW - Mgy \. 
«. n,^»0 750m, 3J9 ^ 

R 0.0800 m 

(b) v = Ro «<0.0800 m *33.9 rad s>=2.71 ms 

EVAIL!ATE: An ctojcct released from rest and falling in free-fall for 0.750 m attains a speed of 

m) = 3.83 m s . The final speed of the boop is less thin this because some of its energy is in kinetic 
energy of rotation. Or. equivalently, the upward tension causes the magnitude of the net force of the hoop to be less 
than its weight. 
iDEVim : Apply Eq.< 10.8). 

SET L’P: For an object that is rolling without slipping. - Rw . 

Exec t TE: The fraction of the local kirxiic energy that is rotational is 

u/3 . i i 

(a) L* -(l/2)A/A*. so the above ratio is 1/3. 

|b) / ,. = (2f5)MR* so the above ratio is 2/7 . 

|c> /- (2/3 )MR : so the ratio is 2/5 . 

(d) / bi = <5/S)A /A* so the ratio is 5/13. 

Evaluate: The moment of inertia of each object takes tbc form / - //A/A* . The ratio of rotational kinetic 

» P 


cncrey to total kinetic energv can be wntten 


. I he ratio uxrcoscs as a mercies 


\ + b'p 1 + ff 

Ideviipv: Apply V/** - ma to the translational motion of tbc center of mass and y : - Ja to the rotation 
about the center of miss. 

SET L’P: Let -t-x he down the incline and let tbc shell be turning in Ihe positive direction. The frcc-body diagram 
for the shell is given in Fig. 10.22. From Table 9.2. I * - ±mR : . 

Execute: gives my rsin//- / -ma . . = /«. give* /A-<4«iA*kr . With a -a^fR this 

becomes f -4*™.. - Combcnmg the equations gives mg sin p-^ma Km -«itf M# and 

_ 3g«n£ _ 19.H0 m. ; X* | n380' ) _ , 6 , ^ ^.62 ^,.4.83 N . The .he.™ U 


f 4.83 N 

static since there is no sliminc at the point of contact, n - nig cos// - 15.45 N . u - --0.313 . 

n 15.45 N 

(b) The acceleration is independent of m and doesn't change. The friction force is proportional to m so will double: 
/* = 9.66 N . Th: normal force will also double, so the minimum i: required for no slippine wouldn't change. 




Pyramid of Rotational Mol km 10-9 


10.23. 
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Evaluate: If there K no frxlion and the object slides without rolling., the acceleration is #sin ft . Friction and 
rolling without slipping reduce a to 0.60 times this value. 



IDENTIFY: Apply £/\ w - m*and - /.,/r to the motion of the ball. 

(a) SET Ur: The frec-bodv diagram is given in Figure 10.23a. 

Execute: Bnw ( 

n - mi geewtf and f % - f^mg cos 0 
-ma. 

mg sin 0 - fj % n\g cos 0 — ma 
g\nnO - = a <cq. 1> 

Figure 10.23a 



SET L’P: Consider Figure 10.23b. 

0 



m and mg act at the 
center of the bull and 
provide no torque 


Execute: £r - r, - fj % mgc<ttOR\ l = LmR 
Y r * = l ^ a - 0R = $mR'a 

No slipping means a-a!R* so fj^gc&sO -~a 
We have two equations in the two unknowns <j and }/ K . Solving gives a - -£sin0 and 
u - -tain 0 - -tan 65.0* - 0.613 


(cq. 2 > 


(10 Repeat the calculation of pan (a), but now / ^^mR : . a -±g*ir\0 and >i K - itantf -i tan 65.0° -0.858 
The value of fj % calculated in pan la) is nnt large enough to prevent slipping for the hollow ball. 

(c) Evaluate: There is ixi slipping at the point of contact. More frictiixi is required for a hollow bill since for a 
given m and R it has a larger / and more torque is needed to provide the same a. Note that the required /j 4 is 
independent of the mass or radius of the ball and only depends on how that miss is distributed 
IDLMIFY: Apply conservation of energy to the mntioo of the marble. 

SET UP: K - $mv 3 -t^lco 3 . with / = f.XfR 1 . - Rm for no slipping . Let » - Oat the bottom of the howl. The 

marble at its initial and final locations is skelelied in Figure 10.24. 
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Execute: (a) Motion from the release point to the bottom of the bowl: irtglt - -mv' . 

2 2 



the marble, -w/ + K . - mvk w ♦ A' . f\ -- —— 

2 ~ 2, 2g 


Molnm along the smooth sxle: The rotaiiceial kinetic energy daes not chance. since there is no friction torque on 

„ ^ 7 

(b) mgh - mgW so tf - h . 

Evaluate: (c) With friction on both halves, all the initial potential energy gets converted ba:k to potential 
energy Without fraction on the right half some of the energy k still in rotational kinetic energy when the rmrblc is 
at its maximum height. 



IDENTIFY: Apply conservation of energy to the mat kin of the wheel. 

SET UP: The wlvcl at points 1 and 2 of its motion is shown in Figure 10.25. 



Take y - 0 at the center 
L>f the wheel w hen it is at 
the k-attom of the hill. 


The wheel has both translational and rotaticvial motion so its kinetic energy is K 
EXECUTE: A', + V x -f \V ^ = A'> r b\ 

= -3500 J (the friction work is negative) 

K, = ±l<o; » fl/i '; v — R<\> and / — 0.KCKU/K' u> 

K. - i(0 KOOl.l/fl’ra' , = 0900MRV 

K . - 0. U, = \tgfi 

TliUi 0.900M ! ,j » B' (w - Algh 
\t - vfig - 392 NH9.80 mi') - 40.0 kg 
o.90o.wff V» H] 

Us 

(0.9001(40.0 kg1(0.600 m) : (25.0 rad 1 *) 2 - 3500 J 
(40.0 kgH9.80 mV) 

EVALUATE: Friction does negative week and reduces h. 

Idemify: Apply y.r = !a m and V F - ma to the motion of the bow ling ball. 

Set Up: a- Ra . f\ = fi t n . Let +x be directed down the incline. 

EXECUTE: (UF The tree-body diagram is sketched in Figure 10.26. 

The angular speed of the hall must decrease, and so the torque is provide by a fnction force that acts up the hill, 
(b) The friction force results in an angular acceleration, given by la - fR. ^ F - ma applied to the mat ion of the 
center of mass gives nrs’sin ft - 1 - mu and the acceleration and angular acceleration are related by a - Ra . 


V 




7 m 


C ombining mvsxnft 


- ""'I l+ ^jp- h*™! 7 / 5 )- a -~ I 5 / 7 )»“"/'■ 
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(cl From either of the above relations between/and af - - — mgsitifl £ p % n - jt % mg co*/J . 

ft a (2/7)1* fl. 

EVALUATE: If fj % - 0, a mt - mgsin fi . ir M . is less when friction is present. The ball rolls farther uphill when 
friction is present, because the fricticvi removes the rotational kinetic energy and converts it to gravitational 
potential energy. In tlx absence of friction the ball retains the rotatxmal kinetic energy that h has inxliallv. 




(a) IDENTITY: Use FqX 10.7) to find a and then use a constant angular acceleration equation to find tu . 

SET UP: The tree-body diagram is given in Figure 10.27. 

EXECUTE: Apply £ *- -/<* to find the angular 
f acceleration: 

FR*Ia t 

FR ri8.0NX2.40m) . fX 

a -- 0.02057 rads* 

/ 2100 kg m* 

Figure 10.27 

SET Up: Use tlx constant a, kinematic equations to find <v . 
fa - ?; ia lt (initially at rest!; « - 0.02057 rad's 1 ; / - 15.0 s 
EXECUTE: <u 0 +<0.02057 rad s : Ml5.0 s> = 0309 rads 

(h> iDEVnFV and SET UP: Calculate the work from Eq.( 10.211. using a constant angular acceleration equal xm to 
cakulite 0-0 i% or use the work-energy thccocm. We will do it both ways. 

Execute: (l> H^rAO ttq.no.21)) 

\0-0-0 % ^ai t i + 4 ay -Of ^<0.02057 rads 1 HI5.0 s) 1 -2.314 rad 

t 4 s FR -(ISO N)(2.40 ml - 43.2 N m 

Then W = r SO - (43.2 N mH2.3l4 rad) = 100 J. 

or 

(2) - Ks - A, (the work-energy relation from chapter 6) 

U\ A - H\ the work dooc by the child 

A' - ft A, = liter - 4(2100 kg nr *0.309 rad s)*' - 100 J 

Thus IE = 100 J. the same as before. 

Evaluate: Father method yields the same result for W. 

(cl IDENTITY and SET UP: Use Eq.(6.15) lo calculate P m 

Execute: p. -Ml-J2H-MIW 
Si 15.0 s 

Evaluate: Work is in joules, power is in watts. 

Identify: Apply P - m» aixl W - xAO . 

SET Up: P must be in watts. SO must be in radians, and co must he in rad s. 1 rev - 2 »t rad. 1 hp - 746 W . 

.7 rad s-30 res min . 


Execute: (u) r — 


1175 hp)(746 W/hp) 


2400 rev nun 


7 rad I 


30 rev min 

|b) H' - zSO -(519 N m |( 2 t rad | - 3260 J 


519 N m. 
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10 . 32 . 
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Evaluate: a» - 40 revs. so the time for one revolution r* 0.025 s. P - 1.306 * 10* W . so in ooc revolution. 
It' - Pi - 3260 J . which agrees with our previous result. 

IDENTIFY: Apply V r - /«. and constant angular acceleration equation* to the motion of the wheel 
Set UP: 1 rev - 2* rad . .r rad s - 30 rcVmin . 

Execute: (a> r -la =/-—!— 


[(l/2)(I.S0 kg)|0.100 m>')(1200 rev/min|| 


iad.'< 


30 rev/min 


0.377 N m 


- 592 J 


2.5 s 

(600 rev mm |(2.5 sk 

(b) m Aj -- - 25.0 rev ^ 157 rad 

60 s/min 

(c> W - zAO ^<0.377 N mK!57 rad) -59.2 J . 

Ml) K^!/a> 3 =i((l’2K1.5kgX0.l00m» J )j(l200rcv/min)| -——— I 
2 2 ' 'V \ 50rev/min // 

the same a* in part <c|. 

EVALUATE: Tbe agreement between the results of parts Ic) and id I illustrates the work-energy theorem 
IDENTIFY: The power output of th: rnntor is related to the torque rt produce* and to its angular velocity by 
P - . where at, must be in rad s. 

SET UP: The work output of the motor in 60.0 s i* 1(9.01 kJ) - 6.X kJ . so P - IX W . 

* 3 60.0 s 

fa - 2500 nv Omn - 262 rad * . 

EXECUTE: r -■ * vV -0.382 X m 
J & 262 rad’s 

EVALUATE: Tor a constant power output, tbe torque developed decreases and the rotation speed of the motor 
increases. 

Identify: Apply r - FR and / - m». 

SET L-P: 1 hp = 746 W . ^ rad s - 30 rev. min 

EXECUTE: (u) With no lead, the only torque to be overcome is friction in the tearing* (neglecting air frictionl, 
and the bearing radius is small compared to the blad: radiu*. so any frictional torque can be neglected. 

(1.9 hpX746 Wbp> 


"'-T-T 


12400 rev mini] 1— % 10.086 ml 


-65,6 N. 


30 rev mm 

EVALUATE: In P - /« # rmust he in watt* ami wnuut be in rad s. 

IDENTIFY: Apply V r - 1*t to the motion of the propeller ami then use constant acceleration equations to 
analyze tb: motion. W - tAO . 


SETUP: / ^i(ll7kuH208mr -422 kg m* 


-21-462 rad s 3 . 


EXECUTE: (u) a - 1 - 

/ 42.2 kg m* 

(b) {rP - t 2a, (0-0 C 3 give* (a - v'2 at) - ^2(46.2 rads‘)(S.O rev X2.r rad rev) - 53.9 rads. 

(c> H' - rt? = (l950 N mX50)Orcv)2^ rxirev) = 6.l3x 10 4 J. 

a -<u t 53.9 rads . t _ ^ IT 6.l3xl0 4 J 
r -- ---1.17s. P - — 


Ml) 


46.2 rad s' 


-52.5kW 


«. 4P.:raav At 1.17 s 

EVALUATE: P - mi. r is constant and is linear in /. so P, i* half the instantaneous power at the end of the 
5.X revolution*. We could also calculate W from W - A K - -$<422 kg m*)(53.9 radfc) 1 -6.13* 10* J 

(a) IDENTIFY and SET Up: Use Eq.( 10.23) and solve for r . 

P - r a i. w here must be in rad s 

Execute: -(4000 rev minM2;r rad 1 rcv)(l mm 60 s) -418.9 rad s 

r i.soxiQ’w 


358 N-m 


to 418.9 rads 
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(b) iDEmn andSET Up: Apply V /'* - trta to the drum. Find the tension T in the rofx using r, from part (a). 
The system is sketched in Fiuurc 10.33. 




’t 


Figure 10.33 


EXECUTE: \ constant implies a = 0 and / - ti 
r \ - TR smfilies 

r= r,/i? = 358 Nnntl.200 m = 1790 N 
Thus a weight »»• - 1790 N can be lifted 


(cl IDENTIFY and SKI UP: Use v = Rm. 

Execute: The drum has 418.9 rad's, so v= (0200 m)(418.9 rad*) =83.8 m s 

EVALUATE: The rate at which T r* doing work on the drum is P - Tv - (1790 NM83.8 m s) - 150 kW. This 
agrees with the work output of the motor. 

IDENTIFY: L-I(o and / = +1 . 

SETUP: a>- 0.50 rev's = 3.14 rads. =$ni Xu R : and /*„=*. R 3 . 

EXECUTE: / = (SS kgfSO.OkgM^Om) 1 = 1680 kg m J . L = <1680 kg m f )(3.14 radS>= 5.28*10* kgmV* 
EVALUATE: The disk and the woman hive simihr values of /. even though the disk has twice the maw. 

(a) Identify: Use /.»mining (Eq.( 10.25)): 

SET Up: Consider Figure 10.35. 


Execute: L-mw sin^ = 

(2.00 kgX 12.0 m s)K.O) m)sinl43 
1 = 115 kgm’/s 



To find the direction of l apply th: right-hand ruV: by turning r into the direction of r by pushing on it with the 
fingers of your nght hand Your thumb points into the page, in the direction of L. 

|b> IDENTIFY and SET Up: By ISq.< 10.26) the rate of change of the angular momentum of the rock equals the 
tongue of the net force acting cm it. 

Execute: r = mg(8.00 m)cos36.9 5 = 125 kg m J /s 5 

To find the direction of z and heexe of dLfdt, apply the nght-hand rule by turning r into th: direction of the 
gravity force by pushing on it with th: fingers of your right hand. Your thumb points out of the page, m the 
direction of dL'di. 

EVALUATE: L and JL'dt arc in opposite directions, so/, is decreasing. The gravity fcecc is accelerating the 
rock downward, toward the axis. Its horizontal velocity is constant but the distance / is decreasing and bcncc L is 
decreasing. 

Identify: £,=/*», 

SET UP: For a particle of miss m moving in a circular path at a distance r from the axis. / - mr * aixl r = rta . For 
a uniform sphere of mass M and radius R and an axis through its center, / -4 MR * The earth has maw 
m k = 5.97x 10* kg , raJius R u = 6.38x10* m and orbit radius r = I 50x ID 1 ' in . The earth completes one rotation 
on its axis in 24 h - R6.4CO s anJ one ccbit in 1 y = 3.156x10 s . 

Execute: (u> L =/« = mr J ». = (5.97x10* IciiXl.SOxlO" m) j — n>d —' -2.67 xlO 4 ' kgnV*. 

\3.l56xlO s) 

The radius of the earth is much less than its oibit radius, so it is very* reasonable to model it as a panicle for this 
calcuhtion. 

(It( l - It*, =(*MK i )ro-*(5 97.IO : ' kgK6.3Sxlcr m ,-j-lLIfi _ 707.10“ kg • mVs 
EVALUATE: The angular momentum associated with each of these motion* is very large. 
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Identify and Set I'p: Use L - to 

EXEC in; The wcond hand makes I revolution in I minute, so 
to = (1.00 rev nun|<2.r rad I revXl min 60 s) - 0.1047 rads 
Far a slender rod. with the axis about one end. 

-4(6.00.10 * kgXO.150 m) 1 -4.50.10 1 kg m* 

Then - lei* (450«10'‘ kg m'XO. 104? nidi) = 4.71.10 * kg m'/i 

Evaluate: L i> clockwise. 

iDEVnFV: to - dOt dt. I - I to and r. - dLdi . 

Set t'l: For a hollow, thin-walled sphere rolling ahoul an axis through lit center. / . R - 0.240 m . 

EXECUTE: (a) .1 - 1.50 rad's’and B =1.10 rad*' .sothM fl(f) will lave units of radons. 


< 1>> <i I to -- 7.1/ -» 4flf‘. At t - 3.00 s. to -2<1.50 rad s' K3.00 %)+ 4<1.10 rads* X3.00 s)‘ = 128 rad s . 

dt 

L - ti.UR ! I nr - 4(12.0 kgM0.240 m('(l28 rad's) - 59.0 kg m'.’s . 

<ii) r. - - 1 dll. - l(2A * I2flr > and 

dt dt 

r - 4(12.0 kgMO.240 m)'(2|l.50 rad s’l>12|I.IO nri’s'p.OO sf) - 56.1 N n 

Evaluate: The angular speed of rotation is increasing. This increase is due lo an acceleration tt that is 


produced by tlx torque on the sphere. When / is constant, as it is here, - dl. di - Ideo .'dt - la and 
Equations 110.29) and (10.7) arc identical. 

IDENTIFY: Apply conservation of angular momentum. 

SET UP: For a umtbnn sphere and an axis thnnigh its center. / - . 

EXECUTE: The moment of inertia is proportional to the square of the radius, and so the angular velocity will he 
pruporlional to the inverse of the square of tlx radius, and tlx final angular velocity is 

i t 


-JA 


rad 


<30 dll 86.400 


—Y 70 " 0 '^ -4.6.10' rad/ 
i.'d )A 16 km 


Evaluate: A -4 to* - . /. is constant and ^increases by a large Odor, so there is a large increase in the 

rotational kinetic energy of the star. TTiis energy comes from potcntul cixrgy associated w ith the gravity force 
within the star. 

IDENTIFY and St:r UP: L xs conserved if there is no net external torque. 

Use conservation of angular momentum to find to at the new radius and use A' - Liter to find the change in 
kinetic energy, which is equal to tlx work done on the block. 

Execute: (u) Yes, angular monxntum is conserved. The moment arm for the tension in the cord is zero so this 
force exerts rxi torque and there is no net torque on the block. 

<li) L x -1% so ifi\ = IxOy Block treated as a point mass, so / - mr", where r is the distance of the bfack from tlx 
hole. 

- wr/Mj 

0.300 m V 

- (1.75 rail s) ^ 7.00 rad s 

0.150 m J 

<c) A - 4/V ^ lmr;tf ^ Lmv; 
v, = rt^ ^ <0.300 mXI-75 rad's) = 0.525 m s 
A - Lmv; - 4)0.0250 kgKO.525 m.'s) 3 ^ 0.1X1345 J 

v 2 - rjtK - (0 150 mM 7.00 rad s) - 1.05 m s 



A* = 4mi*; - 4)0.0250 kgXl.05 mi) 2 - O.OI37S J 
AA ^ A\ - A, ^ 0.01378 J -0.00345 J - 0.0103 J 
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But W lA - H\ the w ork dooc by the tension in the cord, so W - 0.0103 J 

EVALUATE: Smaller r means smaller /. L — Ito is constant so m increases and K increases. The work done by 
the tensicoi it positive since it is directed inward and the block moves inward, toward the hole. 
iDLMin: Apply conservation of angular momentum to the motion of the skater. 

SET Up: For a thin walled hollow cylinder / - mR' . For a slender rod rotating about an axis through its center, 

Execute: L-L l %al i a-J l ei l . 

I - 0.40 kg-in 2 »i(*0 ku ■(IS ml* = 2.56 kgm 1 . /, -0.40 kg m : + (8.0 kgKO.25 ml’ -0.90 kg m : . 

2.56 kg 




r <0.40 rcv. sy-1.14 rev s . 


K -4 fw’ - . o increases and L is constant, so K increases. The increase in kinetic energy 


,0.90 kg 

Evaluate: 

conxs from the work done by the skater when he pulls in his hands. 

IDENTIFY: Apply conservation of angular momentum to the diver. 

SET UP: The number of revolutions she makes in a certain time is proportional to her angular velocity. The ratio 
of her untucked to tucked angular velocity is (3.6 kg m J )/<IS kg m*> . 

Execute: If she Kid tucked, she would have made <2 rcv)(3.6 kg m‘)/<l8 kg m*» - 0.40 rev in the List 1.0 s, 
so she would have rrndc <0.40 rev HI .5/1.0)= 0.60 rev in the total 1.5 s. 

Evaluate: Untucked sh: rotates slower and completes fewer revolutions. 

IDENTITY and SET Up: Tlvrc is no net external torque atxiut the rotation axes so the angular momentum /. - /ai 
is conserved. 

Execute: <u> L x - L gives /,<q so ^ (///^ 

-MU' = ill 20 kg N 2.00 a)’ - 240 kg m' 

/, = /, +/. = 240 kg• m" 240 kgm' +170 kgW’.OO m> : ■ 520 kg tn‘ 

ro. -1/,■’/,)» - (240 kg m' ,’520 kgm’K3.00 rad %) = 1.38 rad * 

(b) K - ylfif = ^(240 kg ■ m*X3.0O rad's) 1 -I0S0J 
A\ - iAoi; - 4(520 kgm')(l.3S rad*) 1 =495 1 

EVALUATE: The kinetic energy decreases because of the negative work done on the turntable and the parachutist 
by the friction force between these two objects. 

The angular speed decreases because / inrrcascs when the parachutist is aJdcd to the system. 

Idlmift : Apply conservation of angular momentum to the collision. 

SET UP: Let the width of the door be /. The initial angular momentum of the mud is «v(//2), since it strikes the 
door at its center. For th: axis at the hinge. /. - i.l/J* and / . - . 


Execute: 


(V- 


«*<V2) 


10.500 kg |( 12.0 mjs )(0.500 m ) 


r - 0.223 nd/%. 


(l/3)(40.0 kg)( 1.00 m)‘ » (0.500 kg )| 0.500 m) 

Ignoring the mass of the mud in the denominator of the above expression gives ru - 0.225 rad/s, so the mass of 
the mud in the moment of inertia docs affect the third significant figure. 

EVALUATE: Angular momentum is conserved but there is a large decrease in th: kinetic energy of the system, 
(a) IDENTIFY and SET Up: Apply conservation of angular momentum L. with th: axis at the nail. Let object A 
be the bug and object D be the bar. Initially, all objects are at rest and L x - 0. Just after the bug jurrgis, it has 
angular momentum in one direction of rotation and the bar is rotating with angular velocity m the opposite 
direction. 

Execute: = m,v,r - //u, where r = 1.00 m and I, - -m x r' 

L - L gnci 




itn i 


1 - 0.120 rads 
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<b) K. ^ 0; K, - !.mS, * i/,®; = 

j(0.0!00 kg)(0.200 mi)’ »4(yo.05IXI lglfl.00 mj* JlO.I’O nidi> : - 3.2x10^ J. 

The increase in kinetic energy comes from work done by the bug when it pushes against the bar in order to jump. 
Evaluate: Hicrc is no external torque applied to the system and the total angular momentum of the system is 
constant. There are internal forces, forces the bug and bar exert on each other. The forces exert tcvqucs and change 
the angular momentum of the hug and the bar. but tlvsc changes are ojual in magnitude and opposite in direction. 
These internal forces do positive work on the two objects anJ the kinetic energy of each object and of the system 
increases. 

10.4b. IDE.MIEY: Apply conservation of angular momentum to the system of earth plus asteroid. 

SET UP: Take th: axis to be the earth’s rotation axis. The asteroid may he treated as a point miss and it has zero 
angular momentum before the collision. since it is headed toward the center of the earth. For the earth. 

2 .T rad 


L - lee? and / -i\iR 2 .where .1/ is the mass of the earth arxl R is its radius. The length of a day is T - 


where <vis the earth's angular rotation rate. 

EXECUTE: Conservation of angular momentum applied to the collision between the earth and asteroid gives 


Li^ + iMR 1 to and m - 4 M 


<u. 


r. - 1 2507! gives — 


1.25(1 


and ea = l.250<*. 


1 -0.250. m ~4<0.250>A/ = 0.100.1/ 

Evaluate: If the asteroid hit the surface of the earth tangentially it could hive some angular momentum with 
respect to the earth's rotation axes. and could either speed up or slow down the earth's rotation rate. 

10.47. IDENTIFY: Apply conservation of angular momentum to the collision. 

SEE UP: The system before aixl aftcT the collision is sketched in figure 10.47. Let counterclockwise rotation he 
positive. The bar has / - iwr.X.*. 

EXECUTE: (u) Conservation of angular momentum -f . 


(3.00 kg II 10.0 m/x)( 1.50 ml ^ -{3.00 kg>6.G> m/s HI 50 m) + 


J 90.0N 
9-SD m.V 


(2.00 m )‘to 


e» = 5.88 ndfs. 

(Ii| There are no unbalanced torques about the pivot, so angular momentum is conserved. But th: pivot exerts an 
unbalanced horizontal external force on the system, so the linear momentum is not conserved. 

EVALUATE: Kinetic energy is not conserved in the collision. 

Bcfoc: Pivot Afki: 



Figure 10.47 


10.48. IDENTIFY : JL - tdi . so dL is m the direction of t . 

SEE Up: The direction of o)is given by the right-hand rule, as described in Figure 10.26 in the textbook. 
Execute: The sketches arc given in Figures 10.4Sa d. 




Dynamic* of Rotational Motion 10-17 


Evaluate: In figure* (a) ami (c) the precision is counterclockwise and in figures lb) and <d) it is clockwise 
When the direction of either a) or t reverses, the direction of precession reverses. 



(a) (b) 


10.49. 


10.541. 


10.51. 


10.52. 





Figure 10.48 


IDEMIPY: The precession anculnr velocity is 12 ——. where ton in rid s. Also apply ^F - nia to the 

1(0 “ 

gyroscope. 

Si:r UP: The total nu*t of the gyroscope is m t - m t - 0.140 kg + 0.0250 kg - 0.165 kg . 

. 2 .T rad 2x rad 

12-^ 2.856 radS . 

T 2.20 s 

Execute: <u> fi\ ^ w fc4 ^ <0.165 kgM9.80 mb*) - 1.62 N 

ttr (0.165 kgH9.80ms : K0.04<0 ml tlrt . , . . 

(b> m- -:- 189 rail s -1.80x 10 rev nun 

/12 (1.20x10 kg m*X2.856 rad s) 

(c) If the figure in the problem is viewed from above, f is in the direction of the precession and L i* akmg the 
axis of the rotor, away from the pivot. 

Evaluate: There is no vertical component of acceleration associated with the motion, so the force from the 
pivot equals th: weight of the gyroscope. The larger is, th: slower the rale of precession. 

IDENTIFY: The precession angular speed is related to the acceleration du: to gravity by Iiq.( 10.33). with w - mg . 
SET UP: 12^ - 0.50 rad s, g k - g and - 0.165g . for the gyroscope, nt, r % /. and a> an: the same on th: nwm 
as on the earth. 

. ..- "W 11 .. „ “v. “v 


EXECUTE: 12 


-— —-constant . so 

ho g Icj 


Si 


LJ 12 — -0.16512, i (0.165 X0.50 rad s> - 0.0X25 rad s . 

ft f 


EVALUATE: In the limit that g 0 the precession rate -> 0 . 

IDKMUY and SET L'P: Apply Eq.< 10.33). 

Execute: (u) halved 

<b) doubled (assuming thit the added weight is distributed in such a way that r and / are not changed) 

(c) halved (assuming thit u and r are not changed) 

(d) doubled 

(e) unchanged. 

EVALUATE: 12 is directly proportional to v* and r and is inversely proportional to / and to. 

IDENTIFY: Apply Fq.< 10.33), where r - wr . 

SET LP: 1 day - 86.40) s . 1 vt - 3.156x 10 ? s . The earth has miss 3/ - 5.97 x lO 4 kg arxl radius 
ll - 6.38 x!0‘ m . For a uniform sphere and an axis through its center. / - ~ MR '. 

Execute: (Ul r - hi 2 - (2/5).l/i?Wl Using to - L and 12- 2xtad -and ^ ^ 

S6.400 i <26.0(0 yM3.15*.Ml *y) 

and radius of the earth from Appendix F. r - 5.4 N m . 

Evaluate: If the torque is applied by the sun. r - I 5x 10" m and !\ - 3.6 x |0 !l X . 
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10.53. 


10.54. 


10.55. 


Ideyiify: Apply y r - /« # and constant acceleration equations to tbc motion of the grindstceic. 

S»:r UP: Let tbc direction of rotation of the grirxistooc be positive. The friction force is / - fxj\ and produce* 

torque fR. to - j " -> ‘‘ >u j | - 4.r rad. / - ^4 fR 2 - 1.69 kg m*. 

Execute: (a) The net torque must be 


r -la -!- —1--(1.69 kg-nT i - - 136 N m. 

Tim toeque must be the sum of the applied force FR and the opposing frictional torques 

r, at the x\le and fR - /t t aR due to the knife. F - — (r -f r, -f f\nR ). 

R 


I<2.36 N m> r <6.50 N m> * (0.60)( 160 NK0.260 m() - 67.6 N 


F - 

0.500 m 

(b) To mimtain a constant angular velocity, the rxi torque r is zero, and tbc force F' is 
r - ft giVm 16 - 50 N m * 24 06 N- m> = 62.0 N. 

(c> The time t needed to come to a stop is found by taking the magnitudes in Eq.f 10.27). with r - r. constant: 


L_ <v/ <4 .t rad s)( 1.69 kg-m*) 


3.27 s. 


6.50 N m 


Evaluate: The time foe a given change in*/is proportional to« . which is in tum proportional to the net torque, 
so the time in pari <c> can also be found as / - (9.00 s ™ . 

IDENTIFY: Apply Y r -la and use the constant acceleration equations to relate a to tlx motion. 

SET Up: Let tbe direction the wheel is rotating be positive. 100 rev mm - 10.47 rad * 


Execute: (a) to k - av. + aj gives a 

flL, 5BN m;-0.956 Ig.n,- 

a 5.23 rad s* 


o 10.47 rads-0 

I loo! 


5.23 rads*. 


(b> ft*. - 10.47 rad s . m - 0 , / - 125 s . to l « «, . + a / give* a -; 


0-10.47 rad s 

125s 


- -0.0838 rad's* 


Yr, - la, ^ (0.956 kg m'M-O.OKXS rad s J )^-0.0801 N m 


(cl O* 




t - 


; 10.47 rad's + 0 


(125 s)-654 rad-104 rev 


EVALUATE: The applied net torque ( 5.00 N m ) is mich larger than the magnitude of the friction torque 

< 0.0801 N • m), so the time of 2.00 s that it takes the wheel to reach an angular speed of 100 rev mm is nuxh less 
than tbe 125 s it takes the wheel to be brought to rest by friction 

IDENTIFY and SE r UP: Apply i - rto. v is the tangential speed of a point on the rim of the wheel and equals the 
linear speed of tbc car. 

Execute: (■) v = 60 mph - 26.82 m s 
r »12 in.*0.3048 m 

to--- 88.0 raiS - 14.0 rev/s - 840 rpm 
r 

< 1») Same co as in part (a) since speedometer reads same, 
r -15 m. - 0.381 m 

v — rto — <0.381 mil88 0 rad s> ^ 33.5 m s ^ 75 mph 
<c> v- 50 mph - 22.35 m s 
r -10 in. -0.254 m 


y 

to -8S.0 rad s. This is the same as for 60 mph with correct tires, so spcedonxier read 60 mph. 

r 

Evaluate: For a given to* v increases when r increases. 
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10.5b. 


10.57. 


10.58. 


10.59. 


IDENTITY: The kinetic energy of the disk k K . At it tails its gravitational potential energy 

decreases and its kinetic energy increases. The only work done on the disk is the work done by gravity, so 

AT l +V i «JC i + t/ J . 

SET Ur /..,-fl/l *?-**,'>, where R - 0300 m and R, - 0.500 m v„ = . Take y, - 0. 10 

y t a-1.20 m . 

Execute: K, +U,=K, +U t . K, -0. V, -0. 4W._'. = -Mgy t . 

u..a' -- r.W(l+l* ( .'/e, r )v.V - OMOAfti . Then 0 - -Mgy, and 

c FoT _ Hf.H0 .20 m » = 3 J4 ^ 

V 0.840 \ 0.840 

EVALUATE: A point mats in free-fall acquires a speed of 4.85 m s after falling 1.20 m. The disk hat a value of 
v w , that is less than this, bccoute some of th: original gravitational potential energy has been converted to 
rotational kinetic energy. 

Iden I1TY: Use - /a to find the angular acceleration just after the ball falh oft' and use conservation of 
energy to find the angular velocity of the bar at it swings through the vertical position. 

Si:t UP: The axis of rotation is at the axle, for this axit the bar has / - , where /r\ m - 3.80 kg and 

L - 0.800 m . Energy conservation gives K + (/, - K 3 +U 3 . The gravitational potential energy of the bar doesn't 
change. Let \\ = 0 , so v 3 * -Li 2 . 

EXECUTE (u) r,and / = ■»/„ tm^L/2) 1 Yr - la give* 


i - 








and a - 


2(9.80 2.50 k? 


16.3 tad l' 


0*00 m V2.50kg»|3.80ksl'3 

(h) As the bar rotates, the moment arm foe the weight of the ball decreases and the angular acceleration of the bar 
decreases. 

(O a: tL\ . K.+U. +v . t(/. - /..)»', -»,<c<-L/2). 


u, x.i^ ' 4 -t i'I2 

M-S.7Q rads. 


(g[ **+ P± 

V *~***-' 3 " VO . 


80 mV 


4(2.50 kg] 


m i. 2.50 kg ■* 13.80 ku] 3 


Evaluate: As the bar swings through the vertical, the linear speed of the ball that is still attached to the bar rs 
v - (0.4X1 m K5.70 rad's) = 2.28 m s . A point mass in free-tall acquires a speed of 2.80 m s after falling 0.400 m; 
the ball on the bar acquires a speed less than this. 

IDENTITY: Use y \z - la to find a . and thm use the constant a kinematic equations to solve for /. 

SKI UP: The door is sketched in figure I0.5S. 

© 

EXEC HE: £r, = «-(220 NH1.2S m| = 275 N 
From Table9.2(d), / -{A// 1 
I = 4(750 N9.80 mil' HI .25 m)‘ = 39.9 kgm* 


F-220N 


If. 


- 1.25 m 


Yr ./« 


so a - 


II ■ 

10 .: 

275 N 


out at 
lunge 

figure 10.58 


r-6.89rad.l- 


/ 39.9 kgm 

SETUP: a -6S9radl’; 0-0, - 90 d (.t rad ISO 1 ) - .t:2 rad: «*, - 0 (door initially at tea); t -7 
0-0,.- a, l - 4a I 1 


Execute: 

Y it y 6.89 ndftT 

EVALUATE: The forces and the motion are connected through the angular acceleration. 

Identity: r-rF sin^ 

SET Up: Let x he the distance from the left end of the rod where the string is attached For the value of x 
where fix) is a imximum. di !dx - 0 . 
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10 . 60 . 


10 . 61 . 


10 . 62 . 


EXECUTE: (a) From gconxtric consideration, the lever ann and the sine of the angle between F and r arc both 
maximum if the string is attached at the end of the rod. 

(by In terms of the distaixc x where the string is attached, the magnitude of the torqu: is Fxhj Jx‘ + A*. This 
function attains its maximum at the boundary, where x - A. so the string should be attached at the right end of 
the rod 


(O As a furxtion of x. I and A. the torque has imgnitude r - /•* 


xh 


DiO'erentuting r with respect to .r 


^*-1/2)'+*■ 

and setting equal to jxto gives x^ + (2A/7) J ). This will be the point at which to attarh the string unless 

2 A > t, in which case the string should be attached at the furthest point to the right, x -1. 

EVALUATE: In part (a) the nuumum torque is independent of A. In pari (hi the maximum torque is independent 
of A In part (c) the maximum torque &pcnds on both A and /. 

1 DLN : Apply Y r -In . where r is due to the gravity fcecc on the object 
SETUP: / = =±UL‘. Inpart<b), - ML'. In p«i<e), -0. 

Execute: (a) A distance 1/4 from the end with the clay. 

(by In this case / -(4/3>A/l : and th: gravitational torque is 131/4X2.1/# )sin0 - <3 A/# 1/2) sin 0, so 
a*(9gf&L)sinO. 

(c) In this case / - (l/3)A/l J and the gravitational torque is (l/4)(2A/g)xin0 - (A/# 1/2)sin0. so a -(3#/21)sin0. 
This is greater than in put (b). 

(dy The greater the angular acceleration of the upper end of the cue. the faster you would have to rc»:t to overcome 
deviations from the vertical. 

EVALUATE: In part (b). / is 4 times larger than in part (cl aixl r is 3 times larger, a » zfJ , so the net effect is 
that a is smaller in fb) than in (c). 

Idi.n : Calculate W using the procedure spccifxd m the problem In pari (c) apply the woric-energy theorem. 

In purt (dy. - Ra and Y r - In . - Rcr . 

SET UP: Let 0 be the angle the disk his turned through. The moment arm for /•* is ft cos# . 

EXECUTE: (ay The torque isr - FRwO. W - J rftcostf JO - FR . 

(by In Lq.(6.l4). JI is the horizontal distance the poant moves, and so W - F^Jt - FR, the same as part (ay. 

(c> From AT, - W - lA/ft*'/4ter. - jAFfMR. 

(dy The torque, and hence the angular acceleration, is greatest when 0 - 0. at which point a = (r//) — 2 FjMR . and 
so the maximum tangential acceleration k 2F/M. 

(ey Using the value for &found in part (:). a u - (o'R -4 Fj\i. 

Evaluate: - cy R is maximum initially, when the moment aim for F is a maximum, and it is zero after the 

disk has rotated one-quarter of a revolution. is zero initially and is a maximum at the end of the motion, after 
the disk has rotated one-quarter of a revolution. 

Idia I1 FV: Apply /* - ma to the crate and to the cylinder. The motions are connected by 

a(cratc) - Rn (cylinder). 

SET UP: The force diagram fee the crate is given in Figure 10.62a 

Execute: -ma f 

T - mg - 

T ^ m(g -f a) ^ 50 kg<9.80 nv'f * 0.R0 m * 1 ) - 530 N 

myf 

Figure 10.62a 


F 
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SET UP: Tbc force diagram fee the cylinder is given in Figure 10.62b. 



E.XECt/IT: £r, = /tr 

W-ffia Ia t> where /-0.12m and ff-0.25 m 
a - Ra 360 a -at R 
F1-TR + laiR 


F . yf*V » + <i 'M: "1 Hi a 1200 N 

W/ W \ 0.12 m ; (0.25m)(0.12m» 

EVALUATE: Hie tension in the rope is greater than the weight of the crate since tlx crate accelerates upward. If F 
were applxd to the nm of the cylinder </- 0.25 in). it would have the value F - 567 N. This is greater than T 
because it must accelerate the cylinder a* well a* the crate. And F is larger than this because it is applied closer to 
the axis than R so has a smiller moment arm and must be larger to give the sanx torque. 

10.63. IDEMIFY: Apply - mo # and Yr - I ji to tlx roll. 

SET UP: At the point of contact, the wall exerts a friction force/directed downw ard and a normal force it 
directed to the right. This is a situation where the net force on the roll is zero, but the net torque is not zero. 
Execute: la) Balancing vertical forces. F^costf- / + M'tf. and balancing horizontal forces 

sin 0 - it. With f - // t /j, these equations become F tmX cos 0 - + F + n\ F tJi sin 0 - n. Eliminating n and 

solving for F m4 gives 


F -—111—. 116.! kg119SOm s : | t i40.0 N) ^ N 
44 costf-^sin 0 cos 30°-<0.2$lsin30 : 

<l>) With respect to the center of the roll, the rod and the normil force exert zero torque. Tbc migmtode of the net 
torque is (F - f)ft. and/ - may be found by insertion of the value found UxF md into either of the above 
relations: re.. f - ^F^smO - 332 N. Then. 


z (40.0 N-31.54 N T KlK.0x 10 1 m> 4 _ t 

/ --1 1 rads*. 

/ 


( 0.260 kg m l 


Evaluate: If the applied force F is irxrcascd. increases and this causes it and/to increase. The angle 
$$ changes as the amount of paper unrolls and this atTorts a for a given F. 

10.64. IDEM1FV: Apply £r - /« to the flywheel and V^F - mo to the Mock. The target variables are the tension m 
the string and the acceleration of the blexk. 

(a) SET t>: Apply - la t to the rotation of the flywheel about the axis. The free body diagram for the 
flywheel is given in Figure 10.64a. 

" G 

UTE: The forces n and .1/# act 
axis so have zero torqix. 

"AV J Ir "™ 

' TR -- la 

▼ We 

Figure 10.64a 


S" G 

/W £ 
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10.65. 


10 . 66 . 


SET Lip: Apply - m<i to the translational motion of the block. The frcc*body diagram for the block it given 
in Figure 10.64b. 



IM 


.i 


Extern*: JV = 
u - mg cos 36.9° - 0 
n - mg'cos 3 6.9° 

A “ W* s //»«g c ot36. 


I/-. 

mg tin36.9°- 7* -^4 k mgcos36.9*- ma 
mgfsin 36.9° - ^ cos 36.9*) - 7* = m 

Bui we also know that q, frt - Ra mM% to Using this in the = Ia m equition gives TR - laiR and 

T -(///?* \a. Use this to replace 7* in the Y]f* 4 - mu. equation 
mgfsin 36.9° - // fc cos 36.9*) - (/ R 3 )a - au 
wglsin.lb.y - ;i, cos36.9°) 
mTTT/F 

t _ (5.0Qlg|9.Wlni l '. 1 HHn36.y-(O2S|L-o»36.9n , ,, ^ 

5.00 kg + 0.500 kg - m‘ 1(0.200 m)’ 

osookgjir , ,, , |40N 
( 0.200 mr 

EVALUATE: If the xtnng is cut the block will slide down the incline with 

a - g tin 36.9 s - ^gco*36.9°- 3.92 ns's*. The actual acceleration is lets than this because mg sin 36.9° must also 

accelerate the flywheel, mg sin 36.9° - f \ —19.6 N. T is less than this; there must be more fi>rce on the block 

directed dawn the incline than up th:n incline since the block arcdcratcs down the incline. 

Identity: Apply V /’* - mo to the block and Y r - Ia t to the combined disks 

Set Up: For a disk. l XkK - iMR *. so / for the disk combination is / - 2.25 x 10 1 kg • m\ 

Execute: For a tension T in th: string, mg - 7 - »ut and TR - la - I Eliminating T and solv ing for a gives 

R 

a - g--—— - -— 7 -—where m is the mass of th: hanging block and R is the radnis of the disk to which the 

stnng is attached. 

(a) With m - 1.50 kg and/? - 2.50* 10 *m. a ^ 2.88 ms*. 

(b) With m = 1.50 kg and R ^ 5.00x10'V a ^ 6.13 m’s\ 

The acceleration is larger in case (b(; with th: string attached to th: larger disk, th: tension in the string is capable 
of applying a larger torque. 

EVALUATE: co - v/R , w here V is the speed of the block and o>ts the angular speed of the disks. When R is 
larger, in part tb). a smaller fraction of the kinetic energy resides with the disks. Th: block gains mere speed as it 
falls a certain distance and therefore has a larger acceleration. 

IDENTITY: Apply both V F - ina and Y r - la m to the motion of the roller. Rolling without slipping means 
a - Ra. Target variables are ii and f. 
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10.67. 


10 . 68 . 


SET UP: Tbc tree body diagram for the roller is given in Figure 10.66. 



Execute: Apply to the 

translational motion of the center of nust 

F-/ = \kK. 


Apply ^ z - !a to the rotatxm about the center of mass: 

Z r - = '* 

thin-walled hollow cylinder: / => .UR 1 
Then £ r - Ia s implies fR - MR 1 a. 

But a um = Ra. so / = A/*.... 

Using this in the ^ F, - itm, equation gives F - A/ir,. - A/o... 
a„*F/2M % and then / = .l/o v . - A/{F72A/) = 7/2. 

EVALUATE: If the surface were fnctionless tbc object would slide without rolling and tbc acceleration would be 
i- FJAf. The acceleraticei is less whm the ctojcct rolls. 

Idi.n llh : Apply V F ™ nut to each object and apply r - l<i m to the pulley. 

SET UP: Call lb: 75.0 N weight A and tbc 125 N weight D. Let 7, aixl T v be the tensions in the cord to the letl 
and to the right of the pulley. For the pulley. / - ±MR\ where .1/# - 50.0 N and R - 0.300 m . The 125 N weight 
accelerates dow nward with acceleration a. the 75.0 X weight accelerates upward with arccicration a and the pulley 
rotates clockwise with angular acceleration a . where a - Ra . 

EXECUTE: - ma applxd to the 75.0 N weight gives T A - *, -m t a . £7 - Mia applied to the 125.0 N 

w eight gives »»• - 7** - m A a . £r. - /a applied to the pulley gives (7* - 7< )R - ( r MR )<i. and T k -T t - 1.1/ 
Combining these three equations gives w M - w A - {m A + m 9 + \1 »' 2'ki and 


125 N- 75.0 N 
75.0 N +125 N *250 N f' ~ 


D.22 2v. 7. - »v.<1 r j.'g) - i.222h. -91.65 N . 


T, - wv(l - a/g) - 0.778 w 0 - 97.25 X . ma applied to the pulley gives that the force F applied by the hook 

to the pulley is F « T A ♦ T k -f - 239 N . The force the ceiling applies to tbc hook is 239 X. 

Evaluate: The force the hook exerts on tb: pulley is less than the total weight of the system, since the txi 
effect of the motion of the system is a downward acceleration of mass. 

iDIAiitv: This problem can be done either with conservation of energy or with ^ -- ma. We will do it both 

ways. 

(a) SET Ur: (I) Cowsenxithm af'energy: A, -if/, -i W* - K +■ Us. 


Take position 1 to be tbc location of the disk 
at the base of the ramp and 2 to be where the 
disk momentarily stops before rolling back 
down, as shown in Figure 10.68a. 



Take the origin of coordinates at the center of the disk at position 1 and take +y to be upward. Tbm v ( - 0 and 
>\ = Jsin30°. where <i is the distance that the disk rolls up the ramp. "Rolls without slipping" and neglect rolling 
friction sa\s W t - (X wily gravity does work on the disk, so H* ^ - 0 
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10.69. 


Execute: U^Mgy^O 

K (Eq.10.11). Hut ta-v^'R and /... - f MR\ so 7 /-^ Th 

A.' -Lur; r±Mv{ -tWv'- 
6', = A/gr, -■ A/gr/iin30 : 

AT* - 0 (disk is at rest at point 2 ). 

Thus fl/v; =.«£<* an 30° 

d -^± _^ 5 °- ): -0.9S7 m 

4 g sm 30' 4|9.80 ms* )sin 30° 

S»:r L P: (2) force and accricrati(\n The tree-body diagram is given in Figure 



Figure lO.fi.Sb 

Hut a - Ra in this equation gives f - LMa 


EXECUTE: Apply ^F t -ma t to the 
translational motion of the center of mass: 
AlgtinO -/ - Ma m 

Apply - la to the rotatxm about the 
center of mass: 

,R = (lUH)a 

f - i.l/fla 


Use this in the Y*.F - ma t equation to climimte/ 


l/gsintf-k 




M divides out and -gsin 0 a Km -IgsxnO- £(9.80 m’s*)sin 30° = 3.267 

SET Up: Apply the constant acceleration equations to the motxm of the center of mass. Note that in our 
coordinates the positive v direction is dawn the incline. 
v 4j =-150 m s (directed up the incline); d 4 = +3.267 
v - 0 imomentarily comes to rest>; x - j o - ? 

Execute; J-* 8 —? -0.957 

2n. 2(3.267 mV) 

(b) EVALUATE: The results from tlx two methods agree; the disk rolls 0.957 m up the ramp before it stops 
Tlx mass .1/ cnteis both in the linear inertia and in the gravity force so divides out. The miss .1/ and radius It enter 
in both the rotational itxrlia and the gravitational torque so div ide out. 

iDl.vim: Apply - ma,. to the motion of the center of mass and apply y.r. = to the rotation about 

the center of mass. 

SET UP: / - 2( l.l//? 1 ) = MR 1 . The nxinxnt arm for 7* is b 

EXECUTE: He tension is related to the acceleration of tlx yo*yo by (2nt)g - T = (2/w)*r, and to the angular 
acceleration by 7b - !a - /ii. Dividing the second euuatxm by h and adding to the first to eliminate T vickls 




2m 2 

g 


(2M + Jfh) 2 + <R;by 

equations 


cr = g 


y>. ft- 


The tension is found by substitution into cither of the two 


Evaluate: 


= 11- 
0when b-+0.A*h->R,a 


2 

2*<W 

-*2gf 3. 


2-*^ 




2t<X./>) j (2(f>/Jt) -t It 
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10.70. Identify: Apply conservation of energy to the motion of the shell* lo find its linear speed v at points A and B. 

Apply " ma to the circular motion of the shell in the circular |\irt of the track to find the normal force exerted 
by the track at each point. Since r« R the shell can be treated as a point mass moving in a circle of radius R when 
applying A* • nttf But as the shell rolls along the tra:k. it has both translation!! and rotational kirxtic energy. 
SET UP: AT, -f L\ - A', + b \. Let 1 be at the starting point and take y - 0to be at the bottom of th: track, so 
y x - h % . K - jaiv 1 + . / - Im’ a,u ^ ^ ~ v,<r » so AT - . During the circular motion, a (-J -1 ‘ R 

EXECUTE: (u) ^F - ma at paint A gives n + mg - «i —. The minimum speed for the shell not to fall otTth: 

track is when n -♦ 0 and »* = vR . Let point 2 be A. so v\ - 2R and v? - mR . Then K. -f L\ - Ks + IS- gives 


|h) Let point 2 be so \\ - R . Then AT, -f L\ - AT, * L\ gives ugf\ - mgR -t i«»i . With h - —R this gives 


10 . 71 . 


V 1 = IfgR . Then £ F * - at gives * - in-■ i±mg . 

(c) Now K - ^mv* instead of Imv" . The shell would he moving faster at.1 than with friction and would still make 
the complete loop. 

(d) In part (c): mgk, - mg(2/?)*4 w,v * K •'* - r K& ■ y/ 1 " wi at point A gives mg r n - ni —- and 

n - w| — - g \ - ±mg . In part <aL ;j - 0, since at this point gravity alone supplies the net downward force thit rs 
required fee th: circular motion. 

Evaluate: The normal force at ,1 is greater whm friction is absent because the speed of the shell at .4 is greater 
when friction is absent than when tlvrc is rolling without slipping. 

IDENTIFY: Consider the direction of the net force and th: sense of the net torque in each case. 

SET UP: The free body diagram in each case is shown in Figure 10.71. 

•• 

EXECUTE: In th: first ease, /•’ and the friction force act in opposite directions, and the friction force causes a 
larger torque to tend to rotate the yo-yo to the right. The net force to the right is the ditTercnce F - /, so the rct 
force is to the right w hile the net torque causes a clockwise rotation. For the second case, both the torque and the 
friction force tend to turn the yo-yo clockwise, and the )o*yo moves to the right. In th: third case, frxlion tends to 
move the yo-yo to the nght. and since the applied force is vertical, the yo-yo moves to the right. 

EVALUATE: In the first case the torque due to friction mutf be larger than th: torque du: to /*. so the net torque is 
c kick wise In the third case the tixm»: due to /•* must he larucr than the teem*: due to so th: ixt tixm*: will be clockwise 





I izurc 10.71 


10.72. IDES nn: Apply ) - mS mt to the motion of the center of mass and to th: rotation about the 

center of mass. 

SKI UP: For a hoop. / = MR 1 . For a solid disk. / = 4 MR 5 . 

Execute: (u) Because there is no vertical motion, the tension is just the weight of the hoop: 
r ^ Mg -(0.180 kg)(9.8 N/kg) - 1.76 N . 

(lit Uk r - la lo find a. The lorqoc is RT. so a = RTU - RT/MR : - TMR - Mg/.UR. hi 
a ^ g/R - (9.8 n»V|/( 0 . 0 S m| - 122.5 rads’. 

(c> a-Ra = 9.8 m/* f 

(d) T would be unchanged because the mass A f is the same, a and a would he twice as great because / is now 4 MR’- 
EVALUATE: a ^ for a point on the rim of the hoop or desk equals a for the free end of the string. Since / is 
smaller for the disk, the sam: value of T produces a greater angular accclcruticn. 
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10.73. 


10.74. 


10.75. 


IDENTITY: Apply - Ia t to the cylinder or hoop. Find a for the free end of the cable and apply constant 
acceleration equations. 

SET UP: a Ut for a point on the rim equals a for the free end of the cable, and a Ut - Ret . 

Execute: (a) Vr - la and a - Ra givr *FR - LxiR*a - —A//? | liir. J. a - — - . J " > N . - 50 mi *. 

** J 2 2 V * ) '< 4.1X1 kg 

Dittaixe the cable moves: x-x 0 - \\ J -f la/ gives 50 m - i-| 50 m.'* 3 Jr and 1 = 1.41 s . 

V 4 = v; l4 + aj - 0 -t (50 nv'f)(K .41 s) - 70.5 m/s . 

(b) For a hoop. J - SIR ’. which is twice as large as before, so a and a^ would be half as large. Thenrfwc th: tinv 
would be longer by a factor of V2 . For iYk speed, vj — + 2a t x. in which x is the some, so v, woukl be half as 

large since a t rs stmllcr. 

EVALUATE: The acceleration a that is produced depends on the mass of the object but rs independent of its 
radius. But a impends on how the miss is distnbuted and is different fee a hoop versus a cylinder. 

IDDOIIY: Use projectile motion to find the speed v th: mublc needs at the edge of the pit to make it to the level 
ground on the other sid:. Apply ccmsen ation of crcrgy to the motxm down the hill in order to relate the initial 
height to the speed vat the edge of the pit. - 0 so conservation of energy gives A. +L\ - +U ( . 

SET UP: In the projectile motion the marble must travel 36 m horizontally while falling vertically 20 m. Let + y 
be downward For the motion down the hill, let y f =0 so L\ =0 and y\ -/i . K t - 0. Rolling without slipping 
means v - Rea . A' = l^ m & 2 + >i <: - j^mR 2 )eJ + Imv 2 - 2 r m*. 

EXECUTE: (u) Projectile motion: v„, - 0. a % - 9.K0 m's 3 . y - >;, - 20 m y-v v - v u t + la/ gives 


f- h i -2.02 s. Then x-a.-v,/ gives v»v Vt ^ I—1 _ _l!UL _ 17.H m s. 

\ t 2.02 s 

Motion down the hill: V - A, . mi?/i - i-rnv* . /i-— ——_Lll!-22.6 in . 

“ 10* 10(9.80 m's ) 

(b) Ilea 2 -jM\' . independent of R. J is proportional to R * hut m‘ is proportional to I/A* fee a given 
translational speed r. 

|c) The object still needs i - 17.8 m s at the bottom of the hill in order to clear the pit. Hut now K - irrv' and 


h -16.6 m . 

2.? 

EVALUATE: The answer to part (a t also docs not depmd on the mass of the marble. But. it does depend on bow 
the mass ts distributed within the c^Jcct. The answer would be different if the object were a hollow spherical shell 
In part (c) less height is needed to give the object th: same translational speed because xn (c) non: of the energy 
goes into rotational motion. 

IDENTITY: Apply conservation of energy to the motion of the boulder. 

SET UP: K - yjwv 3 +y/ai J and v - Rm when there is rolling without sloping. / - $mR : . 

EXECUTE: Break into 2 parts, the rough and smooth sections. 

Rough: mgk — Imv 2 -tllto’ . mgh. -mv* + -J —mR !| — I . v 3 -. 


2 2\5 )\R 

Smooth: Rotatioml kinetic energy decs not chanee. «i*/j. 


lm\> +K m = . ghs + i| y gf\ \ - \ » * 


v h = t-2*A ; - JL.f9.S0 m's* )(25 m)+2(9.80nrt*)(2S ra)-29.0ms 


.(I 


EVALUATE: If all the hill was rough enough to cause rolling w ithout slipping, v M — J—*(50 m) - 26.5 m s. A 

smaller fraction of the initial gravitational potential energy goes into translational kitvlic energy of the center of 
mass than if part of the hill is smooth. If the entire hill is smooth and the houklcr slides without slipping. 
v fc - J2#(50 m) - 31.3 m’s . In this case all the initial gravitational potential ccxrgy goes into the kinetic ciXTgy of 
the translational motion 




10.76. 


10.77. 


10.78. 


_ Dynamic* of Rotational Motion 10-27 

IDENTIFY: Apply conservation of energy Id th: motion of the ball at it rolls up the hill After th: ball leaves the 
edge of the cliff it moves m projectile motion and constant acceleration equation* can be used. 

(a) SET UP: Use conservation of erxrgy to find the speed v. of the hall just before it leases the top of the cliff. 
Let po«nt I be at the bottom of the hill and point 2 be at the top of the hill. Take y - 0 at the txittom of the hall, so 
>', -0 and y } - 28.0 m. 

Execute: = L\ ^ K i +U } 

s *tgys + + r *“f 

Rolling without slipping mean* ®-v/r and l?ito * )(v/r) J -jmv' 

-mi ,* - /Tf*y\ ♦ -ii ; * 
v% - yjv* - — - 15.26 in s 

SET L>: Consider the projectile nxitxm of the ball, from just after it leases the top of the cliff until just before it 
lands. Take -tv to be downward Use the vertical motion to find the time in the air: 


v 4 - 0. a = 9.80 ms\ y - y % - 28.0 m. / - ? 

Execute: v-y 0 - W +i a >* 3 B* vc * * 3 -.39 s 
Dunng this txm: the ball travels horizontally 
x - - v 0 .i = (15.26 m*K2.39 *) ^ 36.5 m. 

Just before it lands, v - v Jt -fr at - 23.4 m’s and \\ - »* lt - 153 m's 

v - ft -t v; - 28.0 m s 

<Ht EVALUATE: At the bottom of the hill. to - vfr - (25.0 m si • r. flic rotation rate doesn't change while the ball 
is in the air. after it leaves the top of the cliff* so just before it land* w- (15.3 m’s)/r. The total kinetic energy is 
the same at the bottom of the hill and just before it lands, hut just before it lands less of this energy is rotatxmal 
kinetic energy, so the translational kiixlic energy is greater. 

IDLMIH: Apply conservation of energy to the motion of the wheel. K - -wv‘ -t ±Jto’ . 

SET Up: No slipping means that to - v/R. U niform density means m. - A2.tR and m % - aR . where mi. is the 
mass of the rim and m. is the ma« of each spoke. Tee th: whxl. / - . For each spoke. / - • 

EXECUTE: (■) mgh - inn-' ♦ !/«’ . I - /... - m.R 1 .61 m.M‘ 


Also, ivr « m, -f «i 4 = 2xRA -f 6 RA - 2RA(x ■+ 3|. Substituting into the conservation of energy equation give* 
2/U(.r + 3 1 gh ■ i( 2 RA |(«r * 3)( R/af * 1 It RAR‘ -» jin*'. 


|a-»3)«* | l (ff3)(9.S<l m.V'HSX.CImi 

KU.-2I "V (0.210 m)'(a»2) 


- 124 rad/s and v- Rto- 26.0 m/s 


<h) Doubling the density would have ix» effect because it docs not apjvar in the answer, to is inversely proportional 
to R ss) doubling the diaircter would double the radius which would teduce to by hilt’, hut v - Rt f w ould be 


unchanged. 

EVALUATE: Changing th: imsses of the rim and spnkcs by different amount* would alter the speed v at the 
bottom of the hill. 

I DEVnFY: Apply v - Rto. 

SET Up: For the antxjue bike, v is the same tor points on the rim of each wheel and equil* the linear speed of the 
bike. I rev - 2 t rad . 

EXECUTE: (u) The front wheel is turning at to -1 .IXt tcv/s - 2.r rad/*, v = rto - <0.330 m(2r rad/*) - 2.07 s . 

<li> to • v/r = (2.07 m/s>(0.655 m)-3.!6 nd/s-0.503 rev/s 
<c) to = vfr - (2.07 m/*>/(0.220 m) - 941 rad/s =130 rev/s 


EVALUATE: Since the front wheel ha* a larger radius for the antique bike, that wheel doesn't have to rotate at as 
many rev/s to achieve the same liixar speed of the bike. 




10-28 C hjpicr 10 


10 . 79 . 


10.80. 


10 . 81 . 


IDENTIFY: Apply conservation of energy lo th: motion of the ball. Oicc the Kill leaves the track th: hall moves 
in projectile motion. 

SET CP: The hall has / -a-m/?'; the silver dollar has / - +mR '. For the projectile nation take +v downward, 
so a - 0 and a = +g . 

EXECUTE: (a) The kinetic energy of the ball when it leaves the track (whm it is still rolling without slipping) is 
(7/IObwr* and this must he the work done by gravity, W - mgh . so v - jiOgA/7. The hall is in the air for a tinx 
r - yj 2 yfg. so x = 17 = ^20*y/7. 

(b| The answer dtvs roit depend on y m . so the result should be the same on the moon. 

(c) The preseixe of rolling friction would decrease the distance. 

(e) For the dollar coon, modctal as a uniform disc. K - <3/4)mv'. and so x - fokyfS. 

EVALUATE: The sphere travels a little farther hon/ontally. because its moment of inertia is a smaller fraction of 
MR 1 than for the disk. The result is mdcpen&nt of the mass and radius of the object hut it does depend on how 
that mass is distributed within th: object. 

IDENTITY and Sc r L*P: Apply conservation of energy to the motion of the Kill. The hall cods up with both 
translational and rotational kinetic energy, l.'sc Fig.i 10.13i in the textbook to relate the speed of different points on 
the ball to v u% . 

Execute: (u> U m -4^* -4(4(0 N m)f0.15 m) 1 =4.50 J and = 0.SO0k' 4l = 3.60 J 
K - rolling without slipping says <u = i ' rf# R 


rhu ‘ * ->'1 --(4 


rr-; 



11*3.60 J) 

7m V 7(0.0590 kgt 
(bl Consider Figure 10.80a. 


- 9.34 nvs 



I rom Fig.< 10.13) in the textbook, 
it the top of the hull 
v=2v =18.7 m s 

•it 


figure 10 . 80 a 


lc| 



from Fig (10.13) in the textbook, 

v - 0 at th: bottom of the ball. 


Fisnrc 10.80b 

Id | The problem says that L\ = 0.900k', = 3.24 J. Thus U 2 = myj\ - 3.24 J and 

324 J 3.24 J 




0 0590 kgM9 SO ms J ) 

EVALUATE: Not all th: potential energy stored in the spring goes into kinetic energy at the base of the ramp or 
into gravitational potential energy at the top of the ramp because of loss of mechanical energy due to negative 
work done by fnctioa. If the ball slides without rolling, then K - rtv*,. and v B - 11.0 m’s v Bt is less than this 
when the bull rolls and some of its total kinetic energy is rotational. 

Identify: t 4 - dxtdi . v, -dyidt. -d\\>dt . a % =d\\ idt . 

SET L’P: d cos^aT di - -wantAX). d »n( a*)' df - otcosfatf). 

Execute: (u) The sketch is shown in Figure 10.81. 

(b) R is the radius of the wheel (v varies from 0 to 2R I and T is th: period of the wheel’s rotation. 


|c| Dilferentiatine. v - 


IzR 
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10.82. 


10.83. 


10.84. 


(d| V 4 — v. - 0 when | —— | - 2.r or any multiple of 2jt , %o the times arc integer multiple* of the pchod 7*. The 


acceleration components at these time* an: a t - 0 . a . 


4 js 2 R 


(e> a - yja', + a] = | Zl. | /?^eos J | j -♦ un * j j - . independent of time. This is the magnitude of the 

radial acceleration for a point moving on a circle of radius R with constant angular velocity 2x/T . Tor motion that 
consists of thr* circular motion superimposed on motion with constant velocity (a -0 J. the acceleration due to the 
circular motion will be the total acceleration. 

EVALUATE: a is independent of time, hut » does depend on time 


. J1xt\ 4 xR s 



IDENTIP: Apply the work-energy theorem to the motion of the basketball K - 7 wv ; -t ±Jm : and v - Rto . 
SET Up: For a thin-walled, hollow sphere / - ^mR : . 

Execute: For rolling without slipping, the kinetic energy k (1/2|| m + SjR : )v J - (5/6)«v^; initially, this is 
32.0 J and at the return to the bottom it r* 8.0 J. Friction has done -24.0 J of work, -12.0 J each going up and 
down. The potential energy at the highest point was 20.0 J. so the height above the ground w as 
-- 3.40 in. 


20.0 J 


10 . 600 kg)(9.80 m/s*) 

EVALUATE: All of the kiwlic energy of the baskethall. translational and rotational, has been removed at the point 
where the basketball is at its maximum height up th: ramp. 

iDl.vim : Use conservation of energy to relate the speed of the block to the distance it has &sccn&d. Then use 
a constant acceleration equation to relate three quantities to th: acceleration. 
s»:r UP: For the cylinder. / - f A/< 2J?} 1 . and for the pulley. / - jAfR *. 

Execute: Doing this problem using kinematics involves four unknowns (six. counting the two angular 
Accelerations}, while using energy consi&rations simplifies the calcuUtions greatly. If the block and the cylinder 
both have speed », the pulley has angular velocity v:R and th: cylinder has angular velocity* vl2R % the total kinetic 
energy is 




'♦"'H 




This kinetic energy must be the work done by gravity: if the hanging mis* descends a distance y, K - Afgy , or 
V 1 = <2 p)g}'- For constant acccleraticoi. v* - 2a}\ and eompinson of the two expressions gives a - jf/3. 
Evaluate: If the pulley were massless and the cylinder six! without rolling. .l/g - 2 Ma and it - g/2 . The 
rotation of the objects reduces the acceleration of tbc block. 

IDI.VIUY: Apply y*r — la to the drawbridge and calculate . For part (c) use conservation of energy. 

SET UP: The free-body diagram for the drawbridge is given in Fig. 10.84. For an axis at the lower end. / - Lift/ 1 . 
EXECUTE: (u) Yr - la gives mg<4.00 mKcos60.0 & )- im/ : « and ff - *' 1 * MIU ‘ 11 - 0.919 rads 

( 8.00 ml 

(b) a . depends on the angle the bridge makes with the horizontal, a is not constant during the motion and 
fa - a\, -f a t cannot be used. 

(c| Use conservation of energy. Take y - 0 at the lower end of the drawbridge, so y, - (4.(10 mH sin 60.0°) and 
y ( = 0 . K ( -f L\ - K, + L\ *1 gives V t - A',. mg}\ - l^lta 1 . mgy t - )(tt : and 

^ n.VX4.00 m,tUi 60 . 0 ‘| 

/ 8.00 m 
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10.85. 


10 . 86 . 


10.87. 


EVALUATE: If we incorrectly assume that a is constant and has th: value calculated in pirt (a), then 

fa] - ♦ 2a J0-0 V ) gives fa - 139 rad 's . The angular acceleration irxrcasct as tbc bridge rotates and the actual 

angular velocity is larger than this. 



Axis * ^ 

Figure 10.84 


IDENTIFY: Apply conservation of energy to the motion of the first boll before the collision and to the motion of 
the second ball after the collision. Apply conservation of angular momentum to the collision between the first boll 
and the bar. 

SET UP: The speed of th: hall just before it hits the hir is v - yJ2gy -15.34 m s. Use conservation of angular 
monxntum to find the angular velocity ta of the bar just after the collision. Take the axis at the center of the bar. 
Execute: £, = = (5.00 kgX 15.34 ms)(2.00m) - 153.4 kg nf 

Immediately after the collision the bar and both halls arc rotating together. 

/„ - i Ml- T 2mr' - -4S.OI kg)<4.00 m) ; ♦ 2(5.00 kgK’.OO m)' - 50.67 kg m' 

£,■4=153.4 kgm* 

« = I,// M - 3.027 mill 

Just after tbc collision the second ball has Imcar speed i - m - (2.CO mM3.027 rad s) - 6.055 m s and is moving 
upward, Lim** - mgr gives y - 1.S7 m for the height the second hall goes. 

EVALUATE: Mechanical energy is lost in th: inelastic collision and some of the final energy is in the rotstiem of the bar 
with th: first Kill stuck to it. As a result, the xcccetd Kill dacs not rca:h th: height from whxh tie first Kill was dropjvd. 
iDLVim: The rings and the rod exert forces on each other, but there is no ixl force or torque ixi the system, and 
so the angular momentum will be constant. 

SET UP: For the rod. / - iA/i*. For c>:h ring. / - mr *. where r is their distance fri>m the axis. 

EXECUTE: (a> As th: rings slide toward the ends, the moment of inertia chances, and the final annular velocity is 


given by 


/ ±M!!+2mr?' 5. 


xlO * kg m’ fi> , . 

■ —sons -7.5 rev/mm. 

2.00 x 10 kg - m* 4 


(b) The forces and torques that the rings and the rod exert on each other will vanish but the common angular 
velocity will be the same. 7.5 rev. 1 min. 

Evaluate: Note that conversion from rev min to rad's was not necessary. The angular velority of the rod 
decreases as the nngs move away from tbc rotation axis. 

iDEN nn: Apply conservation of angular momentum to the collision. Linear momentum is not conserves! 
because of the force applied to the rod at the axis. But since this external force acts at the axis, it produces no 
torque and angular momentum rs cceiscrvcd. 

SET Up: Tbc system before and after the collision is sketched in Figure 10.87. 

Execute: (u> w 


* “• 



Mure 

Figu 


rici 


EXET ITE: L x - m t yr - ±m^\iL/ 2) 


. M.-'T 
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10.83. 


Thu* 1, - gives invert. - )« 

«-»»■/£ 

<l» K - lmv ! - ia^y 

Then .3.19. 

*, 

EVALUATE: The collision is inelastic and K, < K r 
IDENTIFY: Apply Cq.( 10.29). 

SEE UP: The dixir his J - ^ml 3 . The torque applied by the force is rF tt , where r - if 2. 
EXECUTE: 1 z tt - rl : r and SL - r/’^Af - /;/. The angular velocity a? is then 


10 . 


to- — - ■ V. I " ^ . At -1 ' • ^ . where / is the width of the door. Substitutxm of the given numeral 

values gives iu-0.SI4nd/s 

EVALUATE: The final angular velocity of the door is proportional to both the magnitude of the average force and 
also to the time it acts. 

(a) IDENTIFY: Apply conservation of angular momrntum to th: collision between the bullet and the board: 

SET UP: The system before and after the collision i* sketched in Figure 10.89a. 

(£ 

'•0.12$ tl 



O 


Figure 10.89* 


Execute: £, - L 2 

L x - m\rrin+ - «mtf = (1.90 x 10 ; kgK360 ms|<0.125 ml = O.OS55 kg m J s 


/, = *(0.750 kgX0.250 m> ; +■ (1.90 x 10 ‘ kg*0.125 in) 1 - 0.01565 kg m ; 

Then B iv.iU 

1, 0.1565 kg m 

|b) IDEMIFY: Apply conservation of energy to the motion of the board after the collision. 

SET Up: The position of the board at points 1 and 2 m its motion is shown in Figure 10.89b. Take the origin of 
coordinate* at the center of the bixud and +1 to be upw ard, so v , - 0 and v * = A. the hciuht being asked for. 





Figare 10.89b 


Execute: Only gravity doe* »«fc. «i H’ Atm - 0. 
K, «*/«* 

*1“0 

u : - ■D.I - 
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Thus =»iRh 

k-JUL- 10.01565 kg m'»5.46 nid» : _ 0<>3 , 7 m , 3 . |7 <m 

2«ig 2(0.750 kgtl.Wx 10 kgX9.80ms*) 

(O iDEMin and SKI UP: Th: petition of the hoard at point* I and 2 in it* motion is shown xn Furure 10.89c 


ixi*H » . 0250 n. 

1 I vid 


Ap»ply conservation of energy as in put (by, 
except now we want j - h - 0.250 in. 
Solve A>r the m after the collision that is 
required for this to happen. 


Figure 10.89c 

Execute: ^I& 3 - rngti 

(2 mgh |2I0.7S0 kgr 1,90.10 1 kgM9.S0 m'l 1 H*'25Q ml 

0.01565 kg m‘ 

m- 15.34 nidi 

Now go back to the equation that revolt* from applying conservation of angular momentum to the collision and 
solve for the initial speed of the bullet. L k - L : implies 

I* _ (0.01565 kg-w~115J4 ralfr) mQu/i 

m ,J <1.90.10 ' kgHO.125 ml 

Evaluate: We have divided the motion into two separate events: the collision and the motion after the 
collision. Angular momentum is conserved in the collision because the collision happens quickly. The board 
doesn't mave much until alter the collision is over, so there is no gravity* torque about the axis. The collision is 
inelastic and mechanical energy is lost in the collision Angular momentum of the system is not conserved during 
this motKin. due to the external gravity torque. Our answer to puts <b| and (c) say that a bullet speed of 360 m s 
causes the heard to swing up only a little and a speed of 1010 m s causes it to swing all th: way over. 

IDENTIFY: Angular momentum is conserved, so //\\ - . 

SET Up: For constant mass the moment of inertia is proportional to the square of the radius. 

Execute: .or -(R.t Art)‘(**, r Aa>)- £;<q, -t 2♦ /(JAaj, where the terms in 

AR\m and (A a}Y hive been omitted. Canceling the term gives 




- - I.i cm. 


EVALUATE: A/? ''K.and Aare each very small so the neglect of terms containing A/?A<uor (A<v)* is an 
accurate simplifying appro.ximatxm. 

IDF-MIFY: Apply conservation of angular momentum to the collision between the bird and the bur and apply 
conservation of energy to the motion of the bar after the collision. 

SET L : P: For conservation of angular momentum take the axis at the hinge. For this axis the initial angular 
monxntumof the bird is J0.51X) m)r. where - 0.501) kg and v - 2.25 m'l . For this axis the moment of 
inertia is / - im^L 1 -^(1.50 kgK0.750 m )* - 0.2SI kg m* . For conserv ation of energy, the gravitational 
potential energy of the bar is U - . w here v Ut is the height of the center of the bar. Take y^, - 0. so 

X.-. - -0.375 m . 

EXECUTE: (u) - L. give* m,.,(0.500 m)v - )m. 

„ ^..,(0.500 nm. ill) 5lXiki.-x0.50l) mll2 25 l nM 
»i. I' (1.50 kgMO.750 m)‘ 
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10.92. 


10.93. 


10.94. 


(b) C/ a + A' - U 3 -t K : applied to the motion of the bar after the collision gives 2 J<q 3 - m^gi- 0.375 m)-f £/*£ 

0.375 m) . o>. ^^(2.00 rad*)* + . q ^ * _ll.5Q kgK9 HO in s* X0.37S m) - 6.SK rad s 

Evaluate: Mechanical energy is not conserved in the collision. The kirartxc energy of the bar just after the 
collision k lets thin the kinetic energy of the bird juft before the collisicei. 

IDENTIFY: Angular momentum is conserved. since the tension in tlx string is in the radial dirccticvi aixl therefore 
produces no torque. Apply V F - mrf to the block, with a - a tsi - v 3 fr. 

SET L'P: The block's anguLir momentum with respect to the hole is L - mvr. 


Execute: Hie tcnsxm is related to the block’s mass and speed, and the radius of the circle, by T - m—. 

r 




V r- 


-. The radius at which the strins breaks is 

mr mr 


L' imvr Y ((0.250 kg|(4.<»0 m/xMO.HOO m)V 


1mm which r - 0.440 m. 


10.250 kg)|30.0N| 

Evaluate: Just txforc the ftring breaks the speed of the rock is (4.00 m s t 


- 7 27 m s. VVc can 


,0.440 

verify that v - 7.27 m s and r - 0.440 m do give T - 30.0 N . 

Idem iex and SET L’P: Apply conservation of angular nximentum to the system consisting of the disk and train. 
SET UP: L - counterclockwise positive. The motion is sketched in Figure 10.93. 



(d.vkl 


& - 0 (before you switch on the train’s engine; 
ixith the train and the platform are at rest) 


EXECUTE: The train it i(0.!>5 m) - 0.475 m from ihe axis of rotation. so for il 
f - mR‘ - (I .20 kgK0.475 m)’ = 0.270S kg m 1 
»_ - v, ■R l - (0 600 nvlRl.475 s -1.26J rad’s 

This is the angular velocity of the train relative to the disk. Relative U> tlx earth » ( - ta^ +«j. 

Thus = 

L.-L, sa>* = 

where I, 

^ *».) 

« , - ' - - I0.270S kg m ! »|l.26? rad si ^ ^ 

t w, A ♦ A if7.00 kgXO.SOO my + 0.270K kg • m* 

EVALUATE: The minus sign tells us that the disk is mtating clockwise relative to the earth. The disk aixl train 
rotate in opposite directions, since the total angular momentum of the system must renuin zero. Note that we 
applied in an inertial franx attached to the earth. 

IDENTIFY: / fee the wheel is the sum of tlx values of / for each of its parts, the rim and each sfxikc. Tlx total 
length of wire is constant. The motion is related to the friction torque by ^ z - Ja . 

SET UP: 4J? + 2 t R - X, |f where R is the radius of the wheel and therefore the length of each of the four spokes 
Tlx mass of a piece is proportional to the length of that piece. 

Execute: (u) R - —2__ . «i.„ ~ 211^3/, - j -2-— l/ 0 . 

(3-065*10 'MM l -K,.* 4/ >— . - (7dK0x 10 l )U^. 
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10.95. 


10.96. 


10.97. 


10.98. 


(b) to t - t at gives r/ - . Then ^Tr, - /« gives r, -(7.00x 10 1 y- 

EVALUATE: If the wire were bent mlo a circle, without spokes, the moment of inertia would be 

.1 fjt 1 - ■ —•* -<9.46x 1(1 )M,£ . The xuul value of / for the wheel is less than this because the mass in the 

spokes is closer to the axis thin the ran 

I DEN IlfY and St. r UP: Use th: methods stipulated in the problem. 

Execute: (u) The initial angular momentum with respect to the pivot is «ivr. and the final total moment of 
inertia is ! + mr '. so th: final angular velocity is to - mx/i\mr“ ♦ /). 

(b) The kinetic energy after the collision is c cm verted to gravitational potential energy, so 


and into th: result of part (b). 


(c) Substitution of / - Mr 1 into the result of part (a t gives tv - 
to - yj 2 xJil l/r>. which arc conscitcnt with the forms fi>r r. 

EVALUATE: / - Mr 1 applies approximately when the pendulum consists of a heavy catcher mounted on a light 
arm. In the actual apparatus some of the mass is distributed closer to the axis and / < Mr *. 

IDLMUA : Apply conservation of momentum to the system of the runner and turntable 
SET Up: Let the positive sense of rotation be the direction the turntable is rotating initially. 

EXECUTE: The initial angular monxntum is -n\R\\ . with the minus sign indicating that runner’s motion is 
opposite th: motion of the part of the turntable under his feet. The final angular momentum is <v,(/ -f mR' k so 


- mRv t 

T7mF~ 


„ _ (SO kg-m 1 HQ-200 rjd/»)-<5S.0k e M3.00wK2.g m/%) _ _ o m 


(SO kg ■ m'l * (55.0 kgX3.00 ml 1 
EVALUATE: The minus sign indicates that the turntable has reversed its direction of mixtion. This happened 
because th: min had the larger magnitude of angular moircntum initially. 

IDSCTIFY: Treat the moon as a point mass, so L - Jtv- mr\». where r is the distance of the moon from the 
center of the earth. Conservation of anguLir monxntum says dL: dt - 0. 

SET Up: dridt - 3.0 envy - 3.0x 10 3 my . The period of the moon’s orbital motion is 27.3 d - 2.36 x 10* s . 
r = 3.84x10* m. 

d y dr dto m dev 2 to dr 

Execute: dUdi---4mr tv)-mcv{lr)—+mr s — =0.so —- -- 

dt dt dt dt r dt 

mu 2*«d u . 2 ^, 10 * n|l . £ ! l,-2P““ 0 ^" t )(3.o„o | m'y)■ -4.2 xIO' 1 * n^.peryx-r 

r 2.36x |O' s dt 3.84x10 m 

dev . 

— is negative, so the angular velocity’ is decreasing. 
dt 

EVALUATE: L - mr*o . If L is constant, then a* decreases whm r increases. The fractional changes in r and 
ft/arc very, very small. 

IDENTIFY: Follow the method outlined in the hint. 

S»:r Up: J »iiA»*. M . AC = J(x - ). 

EXECUTE: The velocity of the center ofnoss will change by A\ k . - Jim and the angular velocity will change by 

A to The change is velocity of the end of the bat will then h: At . - Av - Aiux - — ———— 

/ ml 

Setting Avv, - 0 allows cancellation afJ and gives I = (x— x_.It nr, which when solved for a* is 


•V- — .... - l- 1 1 ' 1,1 1 >(0.600 m>-0.710 m 

«_.m (0.000 mMO.SOO kg) 

EVALUATE: The center of percussion is farther from th: handle than the center of mass. 
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10.99. I DEN 11FY and SET L’P: Follow the analysis that led to IU|.< 10.33). 

Execute: In Figure 10.33a in the textbook, if the vector r and hence the vector /. arc not horizontal but nuke 
an angle fl with the horizontal, the torque will still be horizontal |the torque must he perpendicular to the vertical 
weight). The magnitude of the torqix will be or cos/? . and this torque will change the direction of the hon/ontal 
component of the angular momentum, which hw magnitude L e os/?. Thus, the situation of Figure 10.35 in the 
texthcank is reproduced, hut with /. w »v instead of L . Then, the expression found in I:q. (10.33) becomes 

1 _ "?.c 

dt di |l..,| L cos fi l to 

EVALUATE: The torque and the horizontal component of /. both depend on 

10.100. IDEA iify : Apply conservation of energy to tlx motion of the ball. 


by the sanx fa: tor. cos fl . 


use tlx relation denved in part (a). 1-4 


SET UP: In relating and y/tf*. instead of \\ m - 

Execute: (u) Consider the sketch in Figure 10.100. 

The distance from the center of the ball to the midpoint of the line joining the points where the boll is in contact 
with the rails - d'fA . When d - 0. this reduces to - toR y the same as rolling 

cm a flat surface. When d - 2fl. the rolling radius approaches zero, and * —> 0 for any to. 


(h) K - -un 1 f - la>‘ - - 
’22 






w»;' t 


5 + 


io r ■ii-rf74it l j 


Setting this equal to mgfi and solving foe v tr .gives the desired result. 

(c) The denominator m the square root in the expression for r m is larger than for the ease d - 0. so r ^ is smaller. 
For a given speed, to is larger than in the d - 0 case, so a larger frxtian of the kinetic crxrgy is rotational, and the 
translational kinetic energy, and hence . is snullcr. 

(d) Setting the expression in part (b) equal to 0.95 of that of the d - 0 case and solving for the ratio d/R gives 
d/R - 1.05. Setting tlx ratio equal toO.995 gives dtR -0.37. 


EVALUATE: If we set d - 0 m the expression in part <b). - 

ramp. When d -t 2R. the expression gives v - 0 . » it should. 


lOgfr 


. the same as for a sphere roll me down 



Figure 10.100 

10 .101 . Ideviiey: Apply nia and Y r -/..fl to tlx nxition of the cylimto. Use constant acceleration equation* 

to relate iz, to tlx distance the object travels. Use tlx week-energy theorem to find tlx week danc by friction. 

SET Up: The cylinder has / <# = IMR : . 

Execute: (u) The frcc-body diagram is sketched in Figure 10.101. The friction force is 

/ - i - uA/r. so a - a v. The magnitude of the annular acceleration is 1 ■ ■■ - - ™ 1, . 

/ [\f2)Wc « 

<b) Setting v-ai - wR t*}R and solvinu for < gives f ——— -—- —1.. 

a + Ra (kg+2u.g 3 ug 
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(c)Thc final kinetic ctxrgy is (3V4)A/v* i -(3/4)3/(of)’* so the change in kinetic energy it 


1 MRto 2 

Evaluate: The fraction of the initial kirxtic energy that is removed by friction week is ■ - — This 

fraction is independent of the initial angular speed <w . 



10.102. iDEVnrV: Die vertical forces must sum to zero. Apply liq.l 10.33). 

Si:r UP: Denote the upward forces that the hands exert as F. and z - ( [F t - F k )r . wIktc r - 0200 m . 

/to 

Execute: The conditions that and F t must satisfy are F t -t F k - wand F x - F k = ft— . where the second 

r 

equation nr- ft/-, divided by v. These two equations can he solved for tlx fccces by first adding and tlxn subtracting 
yielding F. - i| w+ ft— j and F t - ij w- ft— J. Using the values w - »\% = 18.00 kg*9.80 m/%* > - 78.4 N and 

Im _ 18.00 kg HO.325 m) 1 (5.00 rcv/%x 2.T rad/rrv) 
r ~ <0.200 m) " K S ,v « 

F, = 39.2 N + ft(66.4 N s). F A ^ 39.2 N - ft<66.4 N s). 

(a) ft^O.E. ^/; = 39.2N . 

(b) ft - 0.05 rev/% ^ 0.314 rad/s F. = 60.0 N. F, = 18.4 N. 

<c> ft - 0.3 rev/s - 1.89 ru^/s, F x -165 N, F, - -S6.2 N, with tlx minus sign indicating a downward force. 
(c»F|=0 give* ft« 39 2 N 


D.575 rad/s, which i% 0.0916 rev/s. 


66.4 N*% 

Evaluate: The larger the precession rate ft. the greater the tonjuc on the wheel and the greater the difference 
between the fcccc* exerted by the two hands. 

10.103. IDENTIFY: The answer to part (a) ean he taken from the solutxin to Problem 10.92. The vvork-erxrgy theorem 
says W - A K . 

si:r UP: Problem 10.92 uses conservation of angular momentum to show that ry { - j;v\. 

Execute: (u» T - m \' r ’ jr . 

(b) T ami dr arc always anliparallcl. T dr - -Tdr . 
dr «.• 


(c> v% - v^/j/rj). so AK - -i* > - ^-[<j; //j) 2 -1 j . which is the s^me as the work found in part (b>. 

Evaluate: The work dooe by T rs positive, since T is toward the bole in the surface and the bkxk move* 
toward the bole. Positive work means the kinetic energy of the object iixreascs. 
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i) 29S m. The fulcrum 


IDENTIFY: Use liq.l 11.3) to calculate x m . The center of gravity of the Kir is at its center anil it can be treated a* 
i point mass at that point. 

si:r UP: Use coordinates with the origin at the left end of the Kir and the -tx axes along the Kir m - 2 .40 kg. 

fifi *1.10 kg, «ii - 2.20 kg. 

KM,. i., - ■2.40 l c sM 0.250m>-0„2.20k S K0.500m).^ Mcnim 

ui 4 ♦ /w : . + w, 2.40 kg -t 1.10 kg + 2.20 kg 

should be placed 29.S cm to the right of the left hind end. 

Evaluate: The mass at the right-hind end is greater than the miss at the left-hand end. So the center of gravity 
is to the right of the center of the bar. 

IDENTIFY: Use Eq.l 11.3) to calculate of the composite object. 

SET Up: Use coordinates where the origin is at the original center of gravity of the object and -x is to the right. 
With the 1.50 g miss added, x = -2.20 cm. m, - 5.00 g and nu - 1.50 g . x, = 0. 

Eucm; x„ . ,, J SM8 * 1 '• 508 [(-2.20cm)■ -9.53 on. 

m i + m : ‘ V ) : 150 8 ) 

The addilximl mass should be attached 9.53 cm to the left of the original center of gravity. 

EVALUATE: The i*nv center of gravity is somewhere between tbe addrd mass and the original center of gravity. 
Identity: The center of gravity of the combined object must be at the fulcrum Use !:q.f 11.3) to calculate x,„ 
SET Up: The center of gravity of the sand is at the middle of the box. Use coordinates with the origin at the 
fulcrum and -fx to the right. Ld «, - 25.0 kit. so x, - 0.5CO m . Let u* - nt^.. so x x - -0.625 m . x - 0. 


EXECUTE: 


r = -5* 


-2.20 cm) - -9.53 cm . 


Execute: 




-1 = 0 and m. =-«,!!=-<25.0 kg 1 


0.500 m 
-0.625 t; 


- 20.0 kg 


EVALUATE: The mass of sand required is less than the maw of the plank smec the center of the box is farther 
from the fulcrum than the center of gravity of the plank is. 

IDENTITY: Apply the first and second conditions for equilibrium to the trap door. 

SET UP: Tor ^ r =0 take the axis at the hinge. Then the torque due to the applied force must balance the 
torque due to the weight of the door. 

EXECUTE: (u) The force is applied at the center of gravity, so tbe applied force must have the same magnitude as 
the weight of the door, or 300 N. In this case the hinge exerts no force. 

(b) With respect to the hinges, the moment arm of tbe applied force is twice the distance to the center of mass, so 
the force lias lialf the magnitude of tbe weight, or 150 N . The hinges supply an upward force of 
300 N -150 N = 150 N. 

EV ALUATE: Less force must be applied when it is applied farther from tbe hinges. 

Identity: Apply £r = 0 to the ladder 

SET UP: Take th: axis to be at pixnt A. The free-body diagram for tbe ladder is given m figure 11 S. The torque 
due to /* must balance th: torque due to the weight of the ladder. 

Execute: F<SO m)sin40 : -(2X00 NHI0.0 ml. sof - 5.45 kN . 
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EVALUATE: The force required it greater than the weight of the ladiirr. because the moment arm for F is lest 
than the moment ami tor w\ 



11 . 6 . 


11.7. 


IIA 


Figure 11.5 


lDE.vim: Apply the first and second conditions of equilibrium to the board. 

SET L’P: The free body diagram for the board is given in Figure 11.6. Since the board is uniform its center i 
gravity is 1.50 m from each end. Apply - 0. with -t y upward. Apply - 0 with the axis at the end 

where the first person applies a force and with counterclockwise torques positive. 

Execute: elves and #;*»’-/; = I60N-60N = ioon. £r-o gi*« 

(160 N 


r.*- h<I. 50 mi - 


A - 


— |(1.50 


. ICON 


(1.50 ml - 2.4U m . The other person lifts with a force of 


100 N at a point 2.40 m from th: end where the other person litis. 

EVALUATE: By considering the axis at the center of gravity we can see that a larger force rs applied by the 
person who pushes closer to the center of gravity. 



Figure 11.6 

IDEVIIFY: Apply -Oand £r *0 to the board. 

SET L t P: Let +y be upward. Let x be the distance of the center of gravity of the motor from the end of the board 
where the 400 N force is applied. 

Execute: la) If the heard rs taken to he massless, the weight of the motor is the sum of the applied fceccs. 

10CO N. The motor is a distance Ul ^ N * - 1 -0 m from the end w here the 400 N force is applied, and so 

is O.SOO m from the end where the 600 N force is applied 

<l» The weight of the motor is 400 N -t 600 N - 200 N - H00 N. Applying =0 with the axis at the end of the 
bixird where the 400 N arts gives (600 NX2.CB m> = (200 XXI.00 m| + (800 N)r and x = 1 25 m . The center of 
gravity of the motor is 0.75 m from th: end of the board where the 6IXD N force is applied. 

EVALUATE: The motor is ckiscst to the end of the board where the larger force is applied. 
iDtANH: Apply the first and second conditions of equilibrium to the shelf. 

SET L’P: The free-body diagram for the shelf is given in Figure 11 K. Take the Axis at the left-hand end of the 
shelf and let counterclockwise torqu: be positive. The center of gravity of the uniform shelf is at its center. 
Execute: (u) £r -Ogives - w(0.200m)-w(0.300m)♦ r<0.400m)-0. 

T 125.0 XX 0.200 mM-<50.0 X)|0.300 ml ^ nv . 

0.400 m 

JV - Ogives T x -f T - h; - w = 0 and T = 25.0 N . The tension m the left-hand wire is 25.0 N and th: tension in 
the right-hind wire is 50.0 N. 
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- 5X0 N 

Figure 11.8 


11.9. IDIXIIR: Apply the conditions for equilibrium to the bar. Set each tension equal to it* maximum value. 

si:r L T P: Let cable A be at the left hand end Take th: axis to he at the left-hand end of the bar and v he the 
distanre of the weight >»• from this end. The frcc-body diagram for the bar is given in Figure 11.9. 

EXECUTE: (a ) £ F t - 0 gives T a 4 T y - n— >h* = 0 and 
= 500.0 N 4 400.0 N - 350.0 N - 550 N . 

<b) - 0 gives 7* 4 (1 SO m)- mi- <0.750 ml -0. 

,d2f!±iS" ‘ 'iXl.O N »l SI) m, - (.^50 Nil 0.750 n> 06|4 m . Ihc wllght be p llCld 

550 N 6 

0.614 m from the left-hand end of the bar. 

EVALUATE: If the weight i* moved to the left. T t exceeds 500.0 N and if it is moved to the right T u exceeds 
400.0 N. 



•W 

Figure 11.9 


11 .10. IDIXnt\: Apply the first and second conditions for equilibrium to the ladder. 

SET UP: Let n . be the upward normal force exerted by the ground and let n x he the horizontal normal force 
exerted by the wall. The maximum passible static friction force that can be exerted by the ground is fi % n 3 . 
EXECUTE: (u) Since the wall is frictionlcss^ the only vertical forces arc the weights of the man and th: ladder, 
and the normal force n 3 . For the vertical forces to balance, n 3 = m-, 4 n;. =160 N * 740 X = 900 N. and the 
maximum frxtional foree is /J t n 3 - <0.40)(900N) - 360X . 

<l»l Note that the ladder mikes cont&rt with the wall at a height of 4.0 m above th: ground. Balancing torques 
about the point of contact with the ground. (4.0 m)rr, =<1.5 mil 160 N) + <I.O mX3/5)(740 N| = 6S4 N m. so 
rr t - 171.0 X . This horizontal force about must he balanced by the friction force, which must then be 170 N to two 
figures. 

(c) Setting the friction force, and hence n x . equal to the maximum of .160 N and solving fee the distance x along the 
ladder. (4.0 mX360 N) = (1.50 mXl60 X)4 *<3/5)<740 N>. so .r = 2.7 m. 
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II.II. 


11.12. 


EVALUATE: The normal force excited by the ground doesn't change ax the man clwfet up the ladder. But the 
normil force excited by the wall and the friction force exerted by the ground bath increase as lie move* up the ladder. 
IDENTIFY: The system of the person and diving hoard is at rest so the two conditions of equilibrium apply. 

(a) SET Uf: The free-body diagram for the diving board is given in Figure 11.11. Take the origin of coordinates 
at the left-hand end of the board (paint A). 


ITOujf 

*f= 

i , i 

v. 


(5 


/’ is the force applied at 
the support point and f is 
the force at the end that is 
lie Id down. 


3J»a 

Figure II.11 

Execute: Yr, = 0 gives -t/;(I.O m)-(5<)ONX3.0Om>-<2S0 NH1.50m1-0 
F 150!) Nti3 Mi) ml h 2M \ * 150 mi ^ N 
1 1.0) m 

w £/*. = 

A;-R-280N-5C)0N-0 

-280 N-SOO N = 1920 N-280 N-500 N - 1140 N 

Evaluate: We can chxk our answers by calculating the net torque about some paint and checking that ~ d - 0 
for that poem also. Net torque about the nght-hand of the hoard: 

(1140 NM3.00 m)* 1280 NK1.50 m>-<1920 N)(2.00 m) - 3420 N 420 N *m -3840 N • m - 0. which checks. 
IDENTIFY: Apply the first and second conditions of equilibrium to the beam. 

SET Up: The boy exerts a downward force on th: beam that is equal to his weight. 

EXECUTE: (a) The graphs are given in Figure 1112. 

(b) x - 6.25 m when F A - 0. which is 1.25 m beyond point B. 

(c> Take torques about the right end When the beam is just balanced. F . - 0. so /* - 900 N. The distance that 


poant B must he from th: right end is then 


(300 NT4.50 ml 


-1.50 m. 


iWNT 

EVALUATE: When the beam is on the verge of tipping it starts to lift otYtbc support A and the normal force 
F a exerted by the support uocs to zero. 


^ i N i 



i tin i 


Figure 11.12 
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11.13. 





L mA? 

Figure 11.13c 


IDENTIFY: Apply the lint and second condition* of equilibrium to the stmt. 

(a) SET Up: The free*body diagram for the stmt is given in Figure 11.13a. Take the origin of coordinates at the 
hinge (point AI and +y upward. l«cl F k and F be tlx horizontal and v ertical components of the force F exerted 
cm the stmt by the pivot. The tension in the vertical cable is tlx weight w of the suspended object. The weight w of 
the stmt can be taken to act at the center of the stmt. Let L be the length of the stmt. 


F s -H— H = 

«;*2 h 


l cm y> 

Figure 11.13a 

Sum torqixs about point A. The pivot face has zero moment ami for this axis an;! so doesn't enter into the torque 
equation. 

r« = o 

7Z.xin30.0 9 - w ((/:.’2)cos30.0°)- waco*30.0*>- 0 

T xin 30.0° - (3 m*/ 2)cas 30.0* = 0 

_ 3hcos30.0° ^ _ 

T - - 2 . 60 m - 

2sin30.tr 

Then T F t - ma t implies T - F % - 0 and F u -2.60w. 

W’e now have the corapoocnts of F so can find its magnitude and direction (Figure 11.13b| 

F^r,;+F; 

F-^( 160 »| : >( 2 . 00 «r 

F«3.2Bm' 

_ F k 2 . 00 m- 

t anfl-- 


r. 2.60 m- 


- 3 ?. 6 ° 


figure 11.13b 


(h> Set Up: 


The tensiem Thas been replaced by its .r andcomponents. The torque due to T equals the sum of the torques of its 
cort-poncnts. and the latter arc easxT to calculate. 
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11.14. 


EXECUTE: £r, - Or <rcos30.0 r tf/.xin45.0 o )-<rMn30.0 : K/.cai45.0 9 )- 
*<(/./2 )cos 45.0 : ) - m<£ cot 45.0 : ) - 0 

The length L divide* out of the equation. The cquaticei can alto be simplified by noting that tin 45.0'’ - co*45.0 : . 
Then r(cos30.0 o -*m3a0") = 3H/2. 

3m* 


4.Khr 


2(co*30.tr-sm 30.(ri 

Zr. -«*. 

F fc -rcos30.0°*0 

F k - T cos30.O* = (4. 1 Ott’Xcos 30.0°) s 3.55w 

Z F * mma > 

F % - w-tr-rnn30.0‘-0 
F s2w'+(4J0w)m30.0°-4.05i« 



from figure 11.13d. 

r-ftT+r? 

F - ^<3.55w)' *<4.05 m*)' =• 5.39n 


F 4.05>v 
antf-:- 

F u 3.55m- 


Figure II. 13d 


Evaluate: In each ca*c the force exerted by the pivot does not act along the strut, C’onsxlcr the rxt torque about 
the upper end of the strut. If tlx pivot force acled along the strut, it would have zero torque about this point. The 
two ficccs acting at this point alto have zero torque and there would be one nenzero torque, due to the weight of 
the stmt. The net torque about this point would then not be zero, v iolating tfo: second condition of equilibrium. 
IDENTIFY: Apply the first and second conditions of equilibrium to the beam 

Set Up: Tbc tree-body diagram for the beam is given in figure 1114 //. and H k are the vertical and 
horizontal components of Ihc force exerted on the beam at the wall (by the lunge). Since th: beam is uniform, its 
center of gravity is 2.00 m from each end n>c angle 0 ha* cus0 - 0.800 and smtf - 0.600 . The tension T has 
been replaced by ifct i and v components. 

Execute: (u) // . // k and T-T cos 0 all produce zero torque. £r - 0 gives 

(150 NM2.00 m)4- (300 NH4.0O ml 


-m< 2.00 m) —Rv.t4.00 m|t /sin (04.00 ml - I) and 7 


b25 N 


(4.00 mH0.600) 

|b> £F, - 0 gives H k - Tcostf- 0 and //„ = (625 NKO.KOOl^ 500 N ^0 gives 

77. -w-w^^rsin<7 = 0 and //. = w ♦ m*^ - T%mO - 150 N * 300 N -(625 NX0.600) - 75 N . 

EVALUATE: for an axis at the right-hand end of the beam, only m* and // % produce torque. The torqu: du: to w is 
counterclockwise so the torque due to H s must be clockwise. To produce a counterclockwise torque. 7/. must he 
upward, in agrcenxnt with our result from TV". - 0 . 


S' 

Axi> 


< 


<zr 




? - 


: ootw 


figure 11.14 
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11.15. 


11.16. 


IDENTIFY: Apply the tint and second conditions of equilibrium to the door. 

SET L’P: The free body diagram for the doe* is given in Figure 11.15. Let // and It . be the forces exerted by 
the upper and lower hinges. Take the origin of coordinates at the bottom hinge (point A) and +y upward 



Execute: 

We are given that 

//, =// J% = 2-MON. 

0 

= II 

The hon/ontal components of the 
hinge forces an: equal in rmgnitude 
and opposite in direction. 


Sum torques about point A. // u , // : ... and //^ all have zero moment arm and hence zero torque about an axis at 
this point. TTius £r,-0 gives // u t 1.00 ml- wt0.50 m) -0 

tf i% -*| * ”* 1-4<2S0 N) - 140 N. 

V 1 .(X) m ) 


The horizontal component of each hinge force is 140 N. 

EVALUATE: The horizontal components of the force exerted by each hinge are the only hon/ontal forces so must 
be equal in magnitude and opposite in direction With an axis at A. the torque due to the horizontal force exerted by 
the upper hinge must be counterclockwise to oppose the clockwise torque exerted by the weight of the doc*. So, 
the hon/ontal force exerted by the upprr hinge must be to the left. You can also verify that the net torque is also 
zero if the axis is at the upper hinge. 

IDENTIFY: Apply the conditions of equilibrium to the wheelbarrow plus its contents. The upward force applied 
by the person is 650 N. 

SET UP: The free body diagram for the wheelbarrow is given in Figure 11.16. F - 650 N . - 80.0 N and w is 

the weight of the loud placed xn the wheelbarrow. 

Execute: la) - 0 w ith the axis at the center of gravity gives /?f0.50 m) - F (0.90 m) - Oand 

n-r ■ ' " — 1-II7QN ■ Yr -Ogives f m- i., - 1 .-0and 

1050 ml “ 


«- F’>\ - »•„. -650 N r 1170 N-80.0 N - 1740 N . 

< 1> > The extra force is applied by the ground pushing up on the wheel. 

Evaluate: You can verify that - 0 for any axis, for example for an axis where the wheel contacts the 
ground. 



Figure 11.16 
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11.17. 


11.18. 


11.19. 


J-— 0 . 95 ™ -|“ 


IDEMIFY: Apply the tint and second condition* of equilibrium to Clea. 

SET UP: Consider the forces on Clea. The tree-body diagram is given in Figure 11.17 
* A Exec HE: 

it -89 N. « r = 157 N 
it ( * n t * u* so »»• - 246 N 

Figure 11.17 

y r, - 0 . axis at rear feet 

Let a* be the distance from the rear feet to the center of gravity. 
n t (0.95 m)-.Tu -0 

x - 0.606 m from rear fed so 0.34 m from front fed. 

EVAlilATE: The normal force at ber front feet is greater than at her rear feet, so her center of gravity is closer to 
her front feet. 

IDENTIFY: Apply the conditions for equilibrium to the crane. 

SET UP: The freebody diagram for the crane is sketched in Figure 11.18. f\ and f are the components of the 
force exerted by the axle. T pulls to the left so F % is to the right. T also pulls downward jnd the two weights are 
downward, so F is upward. 

Execute: (u> £r -0 give* r<[13 m|«n25 0 - » ([7.0 m]ci»5S a )-»L([l6.0 m|co*55 a -0. 

(11.000 NX[16.0 m|co*55 a )-'(15.000 N'K|7.0 m|c<n55 ; ) . 


|!3.0 m)sin25° 

(h) £/• -Opvw F, - rcoi30 : = 0 and f,, = 2.54-10* N. 
VF, = Ogive* F, -r*iti30 : -»• -h; = 0 and F. -4.06-10' N 


Evaluate: un0 -— 


--!-!-— ar*l 0 - 5K“ . The force exerted by the axle Lx not directed alone the crane 

F 2.54-10'N 



IV - IUH0N 


Idem IF A: Apply the first and second conditions of equilibrium to the rod 
SET UP: The force diauram fee the rod is given in Figure 11.19. 



Figure 11.19 
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Execute: axis at r *$h* end counterclockwise torque rs positive 

(240 NK1.50 m> -t (90 NK0.S0 m>-(7Jsin30.0°X3.00 m> - 0 

r- ’^'N "1- | 5N i" - 270 N 
' 1.50m 

2 >, =**, 

r 2 c<K^-i;co«3O a a0 and T a cos0 = 234N 

Z F , sma ' 

T, sin 30° 4 T tin 0 - 240 N - 90 N * 0 
T 3 mO a330 N -<270 N)sin30* ^ 195 N 

Then T un0 ]212L gives tantf - O.S333 and 0 - 40 : 

7* 2 cai0 234 N 

And 7*^11-1-303 N. 
an 40* 

EVALUATE: The monkey is closer to the right rope than to the left one. so the tension is larger in the right rope. 
The horizontal corrponents of the tensions must be equal in magnitude and opposite in direction. Since 7*% > 7], the 
rope on the right must be at a greater angle above the horizontal to have the same horizontal component as th: 
tension in the other rope. 

11 .20. lDf.vntY: Apply the first and second conditions for equilibrium to the beam 
SET UP: The free*body diagram for the beam is given in figure 11.20. 

EXECUTE: The cable is given as perpendicular to the beam, so th: tension is found by taking torques about the 
pivot point: 7(3.00 m) = (1.00 kNM2.00 m)cos25.0°*<5.00 kNH4.50 m)cos25.0*. and T - 7.40 kN . The vertical 
corrponent of the force exerted on the bvam by the pivot is the net weight minus the upward component of T 
6 00 kN - T cos 25.0 5 - 0.17 kN. The horizontal force is 7sin 25.0° ^3.13 kN. 

EVALUATE: The vertical component of the tension is nearly the same magnitude as the total weight of the object 
and the vertical component of the fewee exerted by the pivot is much less than its horizontal component. 



500 IN 

figure 1120 

11.21. (a) IDENTIFY and SET Up: Use Eq.( 10.31 to calculate the torque (magnitude and direction) for each force and add 

the torques as vectors. Sec figure 11.2la 

Execute: 

r ( = FJ X s +(8 00 N)(3.00 m) 
h : r, * +24.0 N • m 

r a = -FA = -(8.00 N){/ + 3.00 m) 
r : = -24.0 Nm- (8.00 Ntf 

f igure 11 . 21 a 

£r, » r, 4 r* ■ *24.0 N • m - 24.0 N • m - (8.00 NV ^ -(8.00 Ntf 
Want / that makes - -6.40 N m (net torque must be clockwise) 

-(8.00 N|7 - -6.40 N m 
/ ^(6.40 N mV8.00 N = 0.800 m 
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11 . 22 . 


11.23. 


11.24. 


11.25. 


11.26. 


(b) |r ; |>|r | since F 1 has a larger moment ami; the net torque rs clockwise 

(c) See Figure 11.21b. 




r,==-<8.00 Ntf 
r, - 0 since F> is at the axis 


Figure 11.2 lb 

£ r - -6.40 N • m gives -(8.00 N)/ - -6.40 N m 
t - 0.800 m. sane k in pan (a). 

EVALUATE: The force couple gives the ?iimc magnitude of torque fee th: pivot at any point. 

VL 


DCW1FY: I 


IAJ 


SETUP: A - 50.0 cm* - 50.0 x 10 4 m ; . 

Execute: < 0200 m * 25 ° W) 

(50.0x10 m*K3.0x 10 " m) 


maximum tension; Y = 


0.200 mK500 K) 


l50.0x 10 1 m 1(3.0x10 * ml 


-6.67x10' Pa 


EVAliiATE: The muscle tissue is much more difficult to stretch when it is under maximum tension. 

Identify and Set Ur: Apply Eq.( 11.10) and solve for A and then use A - ,t r 3 to gel the radius and J - 2 r to 
calculate the diameter. 

Execute: )' - ■- so A - t A is the cross-section area of the wire) 

A M Y M 


For steel. Y = 2.0 x 10“ Pa (Table lilt 


Thus A - 


[2.(XI m 1(400 N) 


-1.6x10 * m\ 


(2.0x10" Pa 1(0.25x10 ' m) 

A - xr\ % or- yfJTa - ^16* 10'* nV.’x - 7.1 x 10 4 m 
d = 2r «1.4x10 * m = 1.4 mm 

Evaluate: Steel wire of this diameter doesn’t stretch much: A///* - 0.12%. 

Identify: Apply Iiq.( 11.10). 

SETUP: From Table 11.1. for steel. K = 2.0xl0" Pa and for copper, >-1.1x10" Pa 
A ^ xid 1 /4) -l.77 x|0 4 m*. F m = 4000 N for each rod. 

(1000NI -_ = |.1»I0* 4 . Similarly, the 


Execute: (u) The strain is «£-. For steel —- 

K YA L (2.0x|0 PaXI.77x10 m* t 


strain for copper is 2.1 x 10 4 . 

(b) Steel: <1.1x10 4 #0.750 ml- 8.3 x!0~ 4 m .Copper (2.1 x 10 4 K0.75O m) - 1.6x 10 4 m. 
EVALUATE: Copper has a smaller )’ and therefore a greater elongaticvi. 

Identify: )* — 

AM 

S»:i Up: A = 0.50 cm 1 - 0.50x 10 4 m ; ’ 

Execute: _ .4<»QmH5(H»0N) _ 2Qx|0 » Pa 

(0.50x10 * m M0.20x 10 ml 

Evaluate: Our result is the same as that given for steel in Table 111 

VL 


DF.NI1FY: 1 




SET Up: A - xr m - .r(3.5x 10 ml = 3.85 x 10 m*. Th: force applied to the end of the rope is the weight of the 

climber: T - (650 kgW9.S0 mk J ) = 637 N . 

_ .. (45.0 m)(637 N> , _ 

Execute: ) --6.77xio Pa 

(3.85x10 m* Kl lO m) 

EVALUATE: Our result is a lot smaller than the valixs given in Table 11.1. An object made of rope material is 
much easier to stretch than if the object were made of metal. 
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11.27. 


11.28. 


11.29. 


IDI-NI1TY: Use the fir>t condition of equilibrium to calculate tlx tensions T t and 7*% in the wires {Figure 11.27a). 
Then use Eq.ll 1.10) to calculate tlx strain and elongation of each wire. 


030 ml i l 
l 


«*>•"., |*2 


«. • 6X1 Eg 


J = IQOfe 

I i^ure 11.27a 

SET L’P: The freebodv diagram for in . is given in Fiuurc 11.27b. 


t 


Execute: 

Z F , maa , 

7 - 98.0 N 


Figure 11.27b 

SET UP: The freebody-diagram fee ts given m Figure 11.27c 

y 

Iak n »: 



I'.—* 

T l -T ! -mg=0 

r - 98.0 N 15S.S N-157 N 


stress 

(a) / - - so strain 
strain 


Figure 11.27c 

stress F x 


57 N 


3.1x10° 

20-111 ' 


upper wire: strain -- ■ 

AY (2.5x10 m'H20xl0 Pa) 

7 98 N 

lower wire: strain - —— ■ 

AY (2.5x10 nT)(2.0x10 Pa) 

|b> strain -A/S/ 4 so A/*//strain) 

upper wire: AJ= (0.50 m)(3*lxl0 *1 = 1.6x10 * m- 1.6 mm 
lower wire: A/ - (0.50 m)(2.0x 10 1.0x10 1 1.0 mm 

Evaluate: The tenskon is greater in the upper wire because it must support both ctojccts. The wires have the 
same length and dianxier. so the one with the greater tension has the greater strain and elongation. 

Idem in: Apply Eqs.(l 1.8), (11.9) and (11.10). 

SET UP: The cross*sectionaI area of the post is A - xr' - *(0.125 m) 1 - 0.0491 m*. Tlx force applied to the end 
of the port is F - (8000 kg)9.80 m/s 1 ) - 7.S4 x 10 4 N . The Young’s modulus of slcel is 2.0x10" Pa. 

Execute: (■> stress V< N l .60 x 10' Pa 

A 0.0491 nr 


(b| strain - 




1.60x10" Pa 


-8.0 x 10 ‘. The minus sign indicates that the leneth decreases. 


Y 2.0x10" Pa 
(c> A/ = /, l (tfrain) = (2.50mX-8.0xl0*) = -2.0xl0’ < m 
Evaluate: The fraclioail chinge in length of the post is very small 
Identify: F - pA , so F tmt =(&p)A . 

Ski I'P: 1 Jim-1.013-10'Pa. 

EXECUTE: (28 aim -1.0 jnnKl.013-10' Pa StmllSO.O m-')-9.1 - iff N. 
Evaluate: This is a very Urge net force. 
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11 . 36 . 


11 . 31 . 


11 . 32 . 


11 . 33 . 


11 . 34 . 


11 . 35 . 


11 . 36 . 


Identify: Apply I5q.< 11.13). 

VJp 

Si:r UP: AT - -—■— . Ap is positive wkn the pressure increases. 

EXECUTE: (u) The volume would increase slightly. 

< 1> > The volume change would he twice » great. 

(c) The volume change is inversely proportxinal to the bulk modulus for a given pressure change, so the volume 
change of the lead ingot would be four times that of the gold. 

Evaluate: Tor lead. £-4.1x10* Pa, so A/? B is very small aixl the fractional change in volume is very 
small. 

Identify: p-F>A 
SETUP: lem- -I.IO - * m' 

Execuie: 

<b> (3.33“ 10" Pjh2m 20D- 10 ‘ m -)-l33kN. 

Evaluate: The pressure in part (a) is over 30 times hrger than normal atmospheric pressure. 

Identify: Apply Eq.< 11.13). Density - m V . 

s»:r L’P: At the surface the pressure is 1 Ox 10* Pa . so Ap - 1 I6x 10* Pa V, - 1.00 m*. At the surface 
1.(» m* of water has mass 1.03x10* kg . 


Execute: (., B-<*£&. gi«* ».40H7 W ' 

AT B 


2.2x10' Pa 


< h) At this depth 1.03 x 10* kg of seawater has volume V % + AP = 0.9473 m . The density is 

1.03 «10' kg - [ op, iq> itg.n, 1 . 

0.W3 in* 

EVALUATE: The dmsity is increased because tlx volume is ccenpressed due to the znercased pressure. 

I dent 1FY and Sin Ur: U se Eqs.( 11.13) and 4 11 14 > ti> calculate li and k. 

.. « Ap (3.6x10* Pa|(600cm*) 4 f 

Execute: £--—2 -- +4.KxlO Pa 

AP.'P 4 (-0.45 cm ) 

k = 1. ^ = l/4.8x 10 v Pa - 2.1 x 10“’ Pa ' 

EVALUATE: * is the same as for glycerine (Table 11.2). 

Identify: Apply I*i< 11.17). 

SETUP: F t -9.0x10' N . .4 - (0.100 mX0.500x 10 J m). h - 0.100 m . From Table 111, 5^7.5x10** Pa for 
steel. 


Execute: CU> Shear strain--—-2.4 x 10 \ 

AS [(0.100 m>0.500x 10 *m)][7.5xlO Pa) 

<h) Using Eq.( 11.16), x-(Shear strain) /i ^(0.024H0.100 in ) ^ 2 .4 x 10 m . 

EVALUATE: This very large force produces a small drsplaccnxnl; r.'/) - 2.4%. 

Idf.viify : Tlx forces on the cube must balance. The deformation x is related to the fccce by S - 

A x 


F - F since F is applied parallel to the upper face. 


SETUP: A - (0.0600 m)*’ are! fi - 0.0600 m Table 11.1 gives 5^4.4x10” Pa for copper and 0.6x10* Pa for 
lead. 


EXECUTE: (a) Since the hon/ontal forces balance, tlx glue exerts a force F in tlx opposite direction 
mF-— -■ ;,>h, " n! '*‘ l ' - 6.6.10' N 


< c » *- 


fl 0.0600 m 

Fh (6.6.10'N«0.0600m> 

~ (0.06M m)‘(0.6x ID" Pa) ~ 


EVALUATE: Ixad lias a smaller S than copper, so the lead cube has a greater deformation than the copper cube. 
IDENTIFY and SET Up: Use Eq.( 11.17). Same mateml implies sanx S 

stress stress F t i A ... 

EXECUTE: .V-so strain-and same forces implies same /•,. 

strain S S 
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11.37. 


11.38. 


11.39. 


For Ihc smaller object. (strain!, - F, ! A,S 
For Ihc larger object, (strain); - F % ( AS 

<*tramh J±\( 4*)-± 

(strain), F t ) A, 


^ain>, 
(strain), 9 


Larger solid has triple each edge length, so A 1 -9 A x . and 

Evaluate: The larger object has a smaller deformition. 
iDLMin and Set Ur: Use Eq.( 11.S). 

Execute: Tensile stress- — -——-- 3.41x10 Pa 

A xr- ,t(0.92x 10 m)‘ 

Evaluate: A modest force pnxluces a very large stress because lb: cross-sectional area is smill. 

IDENTIFY: TT>e proportional limit and breaking stress are vali>es of the stress. FJA . Use Eq.ll 1.10) to 
calcukite M . 

SET Up: For steel. Y » 20x 10° Pa . F * w. 

Execute: (u> * =(1.6x10 *)(20x 10* Pa|(5xl0 * m J ) = 1.60x10' N. 

(b) A/-|L. (^. = <1.6x10 ‘K4.0 m)-6.4 mm 

(c> (6.5x10 *X20*10" Pa)(5xl0 * m J ) = 6.5x10* N. 

Evaluate: At the proportion^ limit, the fractional change in tb: length of the wire is 0.16%. 

IDENTIFY: The clast*: limit is a value of the stress. F\ / A . Apply ^ f - m a to the elevator in order to find the 
tension in the cable. 

SET Up: — - i<2.40x 10* Pal - O.SOx 10* Pa . The free-body diagram for the elevator is gi ven in Figure 11.39. 
A 

F t is Ihc tension in the cahV:. 

Execute: f - •flO.SOxlO’Pal-(2.00x10 ' iti'HOSO-IO 1 Pa)-2.40xl0‘N . YF.-ma. applied to the 

elevator give* F - mg - mi and a - — - g - - -9S0 m s" - 10.2 m s' 

m 1200 kg 

L\ ALL ate: The tcn»on in the cahk is atom twice the wciuht of the elev ator 



Figure 11J9 


11.40. IDENTIFY: Hie breaking stress of the wire is the value of F A at w hich the w ire breaks 

SET UP: From Table 11.3, the breaking stress of brass is 4 .7 x 10* Pa . The area A of the wire is related to its 
diameter by A = xd *.'4 . 

Execute: —~' 50 N — = 7.45x10 : m\ «■ d - Jilix -0.97 mm. 

4.7 x 10* Pa 

EVALUATE: The maximum force a wire can withstand without breaking is proportional to lb: square of its 
diameter. 
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11 . 41 . 


11 . 42 . 


11 . 43 . 


IDENTIFY: Apply the condition* of equilibrium »o tlic climber. For the minimum coefficient of friction the static 
friction force has the value f % - fj % n . 

Si:r UP: Tbc free body diagram for the climber r* given m Figure 11.41. f t and n arc the vertical ami horizontal 
components of the force exerted by the clifl'face on the climber. The moment arm for the fcoce T is <1.4 ml cos 10° . 
Execute: (u) - Ogives r<1.4 m)coslO“-K<l.l m)cos35.0° = 0. 

T q.ln.)c-ay ff , n kg)t9m miV ., _ ^ N 

<1.4 m ) cos 10 

<b> - 0 gives « - Tun 25.0°» 222 N . - 0gives + T cos25° - w - 0ami 


£ =(82.0 kgtf9.80 m s : »-(525 N)ci»25* = 328 X . 
= 1.48 

4 n 222 N 


EVALUATE: To achieve this large value of >i K the climber must wear special rough-soled shoes. 



IDEN HFV: Apply =0 to the bridge. 

SET UP: Let the axis of rotation be at the left end of the bridge and lei counterclockwise torques be positive. 
EXECUTE: If Lancelot were at the end of the bridge. the tension in th: cable would be (from taking torques about 
the hinge of the bridge) obtained from ril20 N)M600kg|(9.KO m/t J )(l20 m).(200 kgX9.K0 m/*')(6.0m>. 
so T - 6860 N . This exceeds th: maximum tension that the cable can have, so Lancelot is going into th: drink. To 
find the distance x Lancelot can ride, replace the 12.0 m multiplying Larxclot's weight by v and th: tension 
T by - S.SOx 10*N and solve for x ; 

(5.80x 10* NK!2.0m)-<2(XlkgK9.80 m.V')<6.0 m) 
x - ■ 9^4 m. 

(600 kg)(9.80 m/s J ) 

Evaluate: Before Lancelot goes onto the bridge, the tension in th: si^iporting cable is 

T - -— ' l! > ~ ' >r * * '' ' ‘ - 9800 N . well below the breaking strength of the cable. As be moves along the 

12.0 m 

bridge, the increase in tension is proportional to a*, the distance he has moved along the bridge. 

Identify : For the airplane to remain in fcvcl Bight, hath -0 and Zr - 0. 

SET UP: The free body diagram for the airplarc is given in Figure 11.43. I*et +y be upward- 
Execute: -Fy - W +• F sg| - 0 . Taking the counterclockwtsc direction as positive* and taking torques ahnut the 
poant where th: tail force acts* -<3.66 mX67(X) N1 + (3.36 = 0. This gives F„ m = 7300 N<up) and 

A‘ ui = 7300 N - 6700 X - 600 Xftkmn). 
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11.44. 


11.45. 


Evaluate: Wc assumed that th: wing force wax upward and the tail force wax downward. When we solved fee 
these forces wc obtained positive values for them, which confirms that they do have these directions. Note that the 
rear stabilizer provides a Jow/i\uir(J fccce. It does not hold up the tail of the aircraft, but serves to counter the 
torque produced by the wine. Thus balance, along with weight, is a crucial factor in airplane loading. 





Figure 1 M3 

iDf.MItY: Apply the lirxt and second conditions of equilibrium to the truck. 

SET UP: The weight on the front wheels ix n ( . the nortml force exerted by tbc ground on the front wheels. The 
weight on tbc rear wheels is n . the normal force exerted by the ground on the rear wheels. W hen th: front wheels 
come ofTthe ground. n t -* 0 . The frec*body diagram for the truck without the box is given in Figure 11.44a and 
with the box in Figure 11 44b. Tlic center of gravity of the truck, without the box. is a distance x from the rear 
which. 

Execute: Y /\ - 0 in Fig. 11.44a gives w - it, + it, - 8 S20 N +10.780 N - 19.600 N 

-0 in Fig. 11.44a. with th: axis at tbc rear wlwlx and counterclockwise torques positive, gives 

ff, (3.00 o)-«i-D and x= "■ <> -° 0ra> - ( la7iWX 1,3.00 m. - US m 


w \ 19,600 N 

(a) Yr-0 in Fig.l 1.44b. with tbc axis at tbc rear whrels and counterclockwise torques positive, gives 
w^(l .00 m) + n< (3.00 m) - u<l.65 m) - 0 . 

-(3600 NM1.00 m) + (19.600 Nkl.65 ml 


r*i - 


-9, 


3.00 m 

Y p , c 0 gi'** + "r = + w and it, - 3600 N r 19.600 N -9580 N 13.620 N . There is9.5K0 N on the 

front wheels and 13.620 N on Ibc rear whrels. 

(b) -* 0. Y* “ 0 gives H^(l .00 m)- vt<1.65 ml - 0 and - 1.65w = 3.23 x I0 1 N . 

EVALUATE: Placing the box on the taileate in pari (b) reduces tlie normal force exerted al Ibc front wheels. 


|< .IXOm | 


"f 

I COnrt 3.Wm \ 

Th^. Tm 


Figure 11.44a. b 

IDENTIFY: In each case. U> achieve balance the center of gravity of the s)*tem must be at the ftilcrum. Use 
I:q.( 1 1.3 1 to locate x um . with in replaced by m; . 

Si:r UP: Let Ibc origin h: at the left-hand end of the rod and lake Ihc +x axis lo lie along tb: rod Let 

w, = 255 N (the rod I so x, - 1 .00 m. let h\ - 225 N so x 1 - 2.00 m and let w, - W . In part (a) x, - 0.500 in and 

in part <b) x> -0.750 m . 


K\»:< nr.: , . -1.25 m. _ _ K ' »■'<.. ~ ».*■ Md 


W \ + H j t W, 

(4S0 N)(1.25 ml-(255 NX 1.00 m)-<225 XH2.0Q ml f f#> v . 
0 500 m-1.25 m 

(bl Now n\ = W - 140 N and v, ^ 0.750 m . 




(255 NXLOO m)*<225 Nil 2.00 ml t-(140 NX0.750 m) t , t 

x... ■-1.31 in . If must be moved 

255 N -f 225 N + 140 X 
1.31 m - 1.25 m - 6 cm to the right. 

Evaluate: Moving If'to Ihc right means for Ihc system moves lo Ibc right. 




11*16 Chapter II 


11.46. 


11.47. 


11.48. 


11.49. 


IDENTIFY: TT»e center of gravity of the object must have the sanv v coordinate as the hook. Use Eq.( 11.3) for 
.y m . . The mats of a segment is proportional to its length. IXrtine a to be the mass per unit length, so hi - a! . 
where /, is the length of a p»ccc thit has mats m . 

si:r UP: Use coordinates with the origin at the right hind edge of the object and +x to the left. a... - L . Th: 
mas* of each piece can be taken at its center of gravity, which it at its geometrical center. Let 1 be the horizontal 
piece of leneth I. 2 be the vertical niece of length /. and 3 be the honzontal niece with length v. 


EXECUTE: 




HI X * H1 V X S *■ HI..Y 


gives 1 - 


aLiL 2) + axix/: 
<zL raL + ax 


a divides »>ut and the equation reduce* 


X s - 2xL - 3 L‘ - 0. x — 4.(2/. ± 4/.). x mutt be positive, to .y - 3/.. 

Evaluate: a - /. is equivalent to saying that the nel torque is zero for an axis at the hook. 

IDENTIFY: Apply the conditions of equilibrium to the horizontal beam. Since th: two wires are symmctncallv 
placed on cither side of the middle of the sign, their tensions are equal and are each equal to T - mg* 2 - 137 N . 
SET UP: Tbc free body diagram for the beam it given in figure 11.47. f and /•* are the honzontal and vertical 
forcct exerted by the hinge on the sign. Since the cable it 2.00 m long and the beam it 1.50 m king. 

cos 0 - - -— and 0-414°. The tentxm 7* in the cable has been replaced by itt horizontal and vertical 

2.00 m • 

components. 

EXECUTE: (u) -Ogives 7*. (sin 41.4° )(1.SO ml-n* 


10 750 m i - r (1.50 m )-T (0.60 m)-0 


T (IS O kg) 9. SO m/s* )(0.750 m>»<137 NKI 50 m 4-0 60 m) ^ s 
(1.50 m)tm4l 4 t 

|b| = Ogives F % +?.sin4|.4°-M„-27; ^0 and 

f\ ^ 2 r + - T sin41.4° ^ 2(137 X)-t (18.0 kg((94?0 ms*)-(423 NK»n4l.4°) - 171 N . The hinge must be 

able to supply a vertical force of 171 N. 

EVALUATE: The force from tbc two wires could be replaced by the weight of the sign acting at a point 0.60 m to 
the left of the right-hand edge of tbc sum 



n.750 


Figure IM7 

Identify : Apply -0 to the hammer. 
s»:r UP: Take th: axis of rotation to he at point A 

EXECUTE: The force F is directed along the length of the nail, and so his a moment arm of (0.RO0 m)sin6(T 
The moment arm of F : it 0.300 m. to 

(0.0X00 m l tin 60° 

F - F. - - (500 NM0.23I1 - 116 N. 

1 10300 ml 


Ev All ATI : The force F\ thit must be applied to the hammer handle is much lest than the force that the hammer 
applies to the nail, because of the large difference in the lengths of th: moment arms. 

IDENTIFY: Apply the first and second conditions of equilibrium to the bar. 

SET Up: Tbc free body diagram for the bar is given in figure 11.49. n is the nornul force exerted on tbc bar by 
the surface. There is no friction force at this surface. //, and // f arc the components of the force exerted on tbc 





11.50. 


11.51. 
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bar by the hinge. The components of the force of the bar on the hinge will be equal in magnitude and opfxisite in 
direction. 



Execute: 

i 

/•-//, =120 X 
n-H % =0 

// - n, but we don't know 
either of the%e fortes. 


^r, - 0 gives F(4.00 m)-«|3.00 m)-0 

n ^(4.00 nV3.00mtT = 4(120 N>^ 160 N and then //. -I60N 

Force of bar on hinge: 

horizontal component 120 N. to right 

vertical ccvnpooent 160 N, upward 

Evaluate: // fc ///, -120 .’ 160 - 300/4.00, so the focec the hinge exerts on the bar is directed along tb: bar. n 

and F have zero torque about point .4, so the line of action of the hinge force // must pass through this poant 
also if the net teeque is to be zero. 

IDIM1FY: Apply £ r - 0 to the piece of art. 

SET L’P: The free body diagram for the piece of art is given in Figure 11.50. 

Execute: £r -Ogives r,(l.25m)-M<<l.02m>-0. J", -|358 Nl| ■ — - 292 N . -Ogives 


EVALUATE: If we consider the sum of torques about the center of gravity of the piece of art. T t has a larger 
monxnl arm than T A . and this is why T A < T g . 

v 


G 



Figure 11.50 

IDEMIF^: Apply the conditions of equilibrium to the beam. 

SET UP: Tbc free body diagram for the beam is given in Figure 11.51. Let T 4 and T l% be the tension in tb: two 
cables. Each tension has been replaced by its horizontal and vertical components. 

EXECUTE: (u) The center of gravity of the beam is a distaixe L/2 from each end and y r -0 with the axis at 
the center of gravity of the beam gives -7^s*nfK/./2)-f 3^xin0(X./2>- 0 . 3^ sin# - T h %\n0 . £F -Ogives 
7^ cos# - r,cos# . Div iding the Fint equation by the second gives tan# - tan^ and Tbm the equatKins abo 

say 7, =7,. 

<h| Tlie center of gravity of the beam is a distance 3t/4 from the left*hand end so a distance Li 4 from the right* 
hand end. Yr -0 with tb: axis at tbc ccntcT of gravity of the beam gives -T 4 si n#<3£./2)+ T h %m0{L /2) - 0 and 
37^ sin # - 7^sin0. S'.- Ogives 7^ cos# - TjCO%0 . Dividing the First equation by tb: second gives 
3 tan ^ - lanfJ. 
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11.53. 


Evaluate: 3 lan ^ - tan 0 require* 0 > p. The cable closest to the center of gravity mint be closer to tlv vertical 

( CQli\ 

direction. J[» - T 4 1 -- J and 0 > p nx\ms th: tensxm rs greater in the wire that is closest to the center of gravity. 



Figure 11-51 

I DEMI t\: Apply the lust and second conditions for equilibrium to the bridge. 

SET L’P: Fire! torques about the hinge, l.'se /. as the length of the bodge and u\ and M* h for the weights of the 
truck and the raised section of the bridge. Take +y to be upward and r.v to be to the right. 

Execute: <u> TL xinTO* - w, (ii )cos30° + w u |4/. )cos30 : , xo 

(±m, M9.80 m V)cos30° . 

T - -—- 2.57x10 N. 

xin7IT 

(I>1 Horizontal: T co(70 : -30°)- 1.97x10* N (to the right). Vertical:»», w u - 7*sin40 p - 2.46* 10* N (upward) 

2.46 xltf N 


EVALUATE: If p is the angle ot the hinge fOree above the horizontal, tan^ - —^--—- 


ind 6 ^51.3'. The 


hinge force ix not directed along the bndge. 

iDt.Mlh: Apply the conditions of equilibrium to the cylinder. 

SET L’P: Tbc tree-body diagram for the cylinder is given in Figure 11.53. The ccntcT of gravity of the cylinder is 
it its geometrical center. The cylmdrr has radius R. 

EXECUTE: (a) 7 pnxluces a clockwise torque about the center of gravity so there must be a friction force, that 
produces a counterclockwise torque about this a.\ix. 

(h) Applying Y r - 0 to an a.\ix at the center of gravity gives -TR-t fR - 0 and T - /'. Yr. — 0 applied to an 
axis at the point of contact between the cylinder and the ramp gives -T(2R | r MgRsinO - 0. T - (J/g/2)sia0. 

EVALLATE: Wc can show that ]Y F t - 0 and F t — 0. for x andy axes parallel and peipendieular to the ramp, 
or for .v and x axes that are horizontal and vertxral. 



Ws 


Figure 11.53 
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11.55. 


11.56. 


iDt.Min: Apply the first and second conditions of equilibrium to the ladder. 

SET UP: Take torques about tbc pivot. I«ct ♦y be up^rd- 

EXECUTE: (u) Tlie force f\ that tb: gnwnd exerts on the lad&r is given to be vertical, so ^ : - 0 
gives F k (6.0 m|sm 0 - (250 NH4.0 ra)sin0 + (750 N)(L50 m)sintf. so F v -354 N. 

(b) There are no other horizontal force* on tbc ladder, so the bonzontal pivot force ts zero. The vertical force that 
the pivot exerts on the ladder must he (750 N > + <250 N)- (354 N > - 646 N. up. so th: ladder exerts a downward 
force of 616 N on the pivot. 

(c) The results in ports (a I and (b) are independent of 0. 

EVALUATE: All th: forces on the ladder arc vertical, so all the moment arms arc vertical and are proportional to 
sin/?. Therefore, sin 0 divides out of the torque equations and the results arc indrpendent of 0 . 

Ideyiity: Apply the first and second condition* for equilibrium to the stmt. 

SET Up: Denote the length of the strut by L . 

Execute: (u) V - mv *■ vt and // - T. To find tbc tension, take torques about the pivot point. 




-I 


ind T^\ h- 


"S 


|b> Solving the above for w . and using the maximum tension for T % 
w ’ - T tan 0 - — ^ (700 Ni tan55.0° -<5.0 kg 1(9.80 m/s*| =951 N 


|c> Solving the expression obtained in part (a) for tan 0 and letting to -» 0. tan/? - - 0.700. so 0 - 4.00°. 

Evaluate: As the strut hvconKs closer to the horizontal, the moment arm for the horizontal tension force 
ippreuches zero and tbc tension approarhes infinity. 

IDENTITY: Apply the first and second conditions of equilibrium to each rod. 

SET UP: Apply V/* - 0 with +y upward and apply Y r-0 with the pivot at the point of suspension fee ca:h 
rod 

Execute: (u) The free-body diagram for each rod is given in Figure 11.56. 

(b) - 0 for tbc lower red: (6.0 NX4.0 cm) - ^(8.0 cm) and w A - 3.0 N . 

£ F f = 0 for the lower rod: 5* -6.0 N -t w 4 - 9.0 N 

£r - 0 for th: middle nxl w g (X0 cm) - <5.0 ctnyS, and w, - j — |t9.0 Nl - 15.0 N . 

£ F t ^ 0 for the nuddlc rod: S s =9.0N + 5’ l ■ 24.0 N 

- 0 for tb: upper nxl: S s ( 2.0 cm) - w (6.0 cm| and w f -1 2^2 |(24.0 N) - 8.0 N . 

JV, - 0 for the upper rod: 5, = S. +- n\ - 32.0 N . 

In summary. w 4 =3.0N, M'»a|5.0N, *v»8.0N. S,=32.0N. 5* - 24.0 N . S;=9.0N. 

(c) The center of gravity of tbc entire mobile must lie along a v ertical line that passes through the pnint where S is 
located. 

Evaluate: For the mobile as a whole tbc vertical forces must balance, so S’. - w. -t w. -t u; t6.0N. 


UDcvtil 8.(1 cm 


3.0 cm 


' •' 


I I I 


60N 




MuKlk I'd 



Upper rod 

Figure 1136 
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11.57. Identify: Apply £r -0 to the beam. 

SET Up: Tbc tree-body diagram for the beam it given in Figure 11.57. 

Execute: Ir ^0. axis at hinge, give* 7*(6.0 mK«n40°)-w|3.75 mKcas30°) = 0 ami 7^7600N. 
EVALUATE: Tbc tenaon in the cable is lest than the weight of the beam. T tin40° is tbc component of T that it 
perpendicular to the beam. 



11.5*. 


11.59. 


Figure 11.57 

Ideniify: Apply the lirtt and tccond conditions of equilibrium to the drawbridge. 

SET L’P: Tbc free body diagram for the drawbridge it given in Figure 11.58. //. and // k arc the components of 
the force tbc lunge exerts on the teidge. 

Execute: (u) - 0 w ith the axis at the hinge gives -w(7.0 m|(cos37°l t f(3.5 m)(an37*) - 0 and 

r- 

an 37 tan 37" 

\b) =0 gives // k = ra|.19xl)* S . JV, =0 gives //, = w ^4.50x|0 4 N. 

I! - JiJJTTiJ - 1.27x 10* N . tan 0 - —- and 0 - 20.7". The hinge force has magnitude 127x10* N and is 
directed at 20.7* above lb: horixoot&L 

EVALUATE: The hinge force it not directed along the bridge. If it were, it would have zero torque for an axis at 
the center of gravity of tbc bodge and for that axis the tension in tbc cabV: would produre a tingle, untulanccd 
torque. 





IDENTIFY : Apply the tirtt and tccond condition! of equilibrium to the beam. 
SET L T P: The free body diagram for the beam it given in Figure 11.59. 



Figure 1139 
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Execute: <u> Y r - 0. axis at lower end of beam 
Let the length of the beam be L. 


Tdmlti )L - -mi;; - |cos40 l ^ 

r -^ co ' 4, ' C -27 ( I on 
sin 20 c 

(to) Take -tv upward. 

5^ - 0 gives n - w + 7\sin60 : -Oson- 73.6 N 
^F t - 0 gives / 4 ^ roos60° - 1372 N 
- 1372 N 


19 


73.6 N 

EVALUATE: The flow must be very rough for the beam not n> slip. Th: friction force exerted by tl>r floor is to 
the left because 7* has a component that pulls the beam to the right. 

IDENTIFY: Apply £r - 0 to the team. 

SET UP: The center of mass of the beam is 1.0 m from the suspension point. 

EXECUTE: (u) Taking torques about the suspension point. 

*<4.00 m)sin30° -t( 140.0 N)(l.00 m) sin 30* - (100 N*2.00 m)sin30°. The common factor of sin30° divides out. 
from which w = 15.0 N. 

I to) In this case, a common factor of sin 45* would be factored out. and the result would be th: same. 

Evaluate: All tlx forces are vertical, so the moments are all horizontal and all contain the factor sin 0 % where 
0 is the angle the beam makes with the horizontal. 

IDENTIFY: Apply £r -0 to the flagpole. 

SET UP: The free body diagram for the flagpole is given m figure 11.61. Let clockwise torques be positive. 0 is 
the angle the cabV: nukes with the horizontal pole. 

EXECUTE: (u) Taking torques about the hinged end of the pole 

(200 N X2.50 m> * (600 N)(5.00 m)-T (5.00 ml ^ 0. T - 700 N . The xeomponent of the tension is then 


r. - J<1000 N| ! -(700 N)' -714 N una¬ 


ttached rt (5.00 m)2^ - 4.90 m . 


- -— . The heicht above the pole that the wire must be 


5.00m 1' 


(to) The rcompooent of the tension remains 700 N. Now tan# M and O - 41.35 


5.00 m 


r - 


7«t N 


- 1060 N . an increase of 60 N. 


sin# sin 41.35 

Evaluate: As the wire rs fastened closer to the hinged end of the pole, the moment arm for T decreases and T 
must increase to produce th: same torque about thit end. 



I DEN iitn : Apply Y/*-0 to each object, including the point where D, C aixl B are Joined. Apply Y r - 0 to 

the rod 

SET UP: To find T and T k> , use a coordinate system with axes parallel to the cords. 

EXECUTE: .1 and B are straightforward, the tensions being the weights suspended: 

T A ^ (0.0360 kg)(9.80 m’s 1 * ) - 0353 N and T v - (0.0240 kg -t 0.0360 kgX9.H0 m/s 5 * 7 ) = 0.SRS N . Applying 

JV - 0 and - 0 to the poant where th: cords arc joined. 7j. - T A cos36.9° - 0.470 N and 

7 = r cos 53.1= - 0.353 N . To find T' take torques about the point where string F is attached. 
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11 . 63 . 


11 . 64 . 


11 . 65 . 


T,.<l.00 m>- r t> sin36.9°(0.K00 m)-* sin53.HO.20O m) + (0.120 kg)(9.80 m/s*K0 50) ml and T x ^0.833 N. 
T t - ray be found similarly, or from the fact tKit T x + T k must be the total weight of tbc ornament. 
(0.IS0kgM9.H0m/*-')-1.76 N. from which T, -0.931 N. 

EVALUATE: The vertical line through the sphere* is closer to /•* than to £. so we exjwt T y > T k , and thes is 
indeed the ease. 

IDENTIFY: Apply the equilibrium condition* to the plate, r - fi xing. 

SET UP: The tree-body diagram for the plate i* sketched in Figure 11.63. For the force T i tension in the cable), 
r, - fruntf - T\lh‘ ’d' sin»*. 

Execute: (u) -Ogives l jk‘ * d‘ sin^ - H £ - 0. T is lean fi>r p - 90°. and in that ease \anO-!Lm 
_ i n.~ r - w ** 

u 


-Ian — I. Then I - H 


TJP 


(b> Vf aO gives f\ - I win!) 


lJh‘+d 





VF - 0 gives F r TetnO-W - 0 and 


_ 2li + d 

21 h' Tt/ 1 )) 2(lr TP I 


=tr '\WT7K^ " 

EVALUATE: The angle <t that the net force exerted by the hinge mike* with the hon/ontal i* given by 
F, WOk* r d ! ) 2</i ! -» d ') 2ft’ » d : 


tana —- - 

r 2\k m - <i”) 


Whd 


U 


This force doe* not lie alone the diagonal of the plate. 



Figure 11.63 

IDENTIFY: Apply U*|.(l 1.10) and the rclatKin Au*.’ m;, - -<r\i that is given in the problem. 

SETUP: The steel rod in Example II. 5 has AJ:l v -9.0 x 10 ^. For nickel. F - 2.1x10" Pa . The width w, rs 
w ti = yjAAfZ . 

Execute: (a) Au’--<r (A///»n; = -<0.23)(9.0xl0 *)^4f 0.30x10 4 m ! )/.r - 1.3 ;»m. 

(b> F.mAY—mAYl. and F «>■><» <M«I0 W) 0.IQ, .Dm ^ , ,,, N 

/ o u * 0.42 2.0x10 *m 

Evaluate: For nickel and steel, tr < 1 and the frational change in width is les* than the fractional change xn length. 
iDEVnFY: Apply the equilibrium condition* to tbc crate. When tbc crate is on the verge of tipping it tourhes the 
floor only at its lower left Kind corner and the normal force acts at this point. "Hie minimum coefficient of static 
friction is given by tbc cquition f % - fj % n. 

SET UP: The free body diagram for the crate when it is ready to tip i* given in Figure 11.65. 

Execute: (a) ]Tr -Ogives 01.50 m)*inS3.0°-u<l. 10m)- 0. P=»| — - - 1.1Sx 10* N 

(It) JV, -0 gives n-ie-/’cos 53.0®-0. »-/’em 53.0* -1250 N«-(l.l5xl0' N)co*53® = 1.94x10' N 
(c> -Ogives f % -/ , sin53.0 i -(US«IO‘ N)sinS3.0" =918 N . 

Id) >!.= — = - — N — = 0.473 

„ 1.94-10’N 
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Evaluate: The normal f«cc is greater than the weight because P has a downward component 





v 


IDENTIFY: Apply £r - 0 to the meter stick. 

SKT UP: The wall exerts an upward static friction force/and a horizontal norrml f«cc n on the stek. Denote the 
length of the stick by /. / = fin . 

Execute: (u) Taking torques about the right end of the stick, the friction force is half the weight of the 
stick. / - wv’2 . Taking torques about the point where the cord is attached to the wall ithc tension in the cord and 
the friction force exert no torque about this point I. and noting that the mon»mt ami of the nornxil force is /tan#. 
rctantf - wf 2* Then, (/Vir) - tan 0< 0.40. so 0 <arctan 1040) - 22°. 

(b) Taking torques as in part (ak /7 - u l f- »♦ </ - x) and n/ tan 0 - w .1 - w.v. In terms of the coefticamt of frxtion 


f /.'2 *</-*! 

u . u >- - 

• • n //2+x 


3/-2.V 


tan t). Solving for x, x > -—— 

f-t 2 x 2 ft + tantf 


30.2 cm. 


(c> In the above expression, setting x - 10 cm and solving for // gives fi % > —— ~ 0.625. 

Evaluate: Tor O - \S C and without th: block suspended from the slick, a value of //. 2 0.26S is required to 
prevent slipping. Hanging th: bkiek from the stick increases the valia: of fi K that is required. 

I DEN IIFY: Apply the first and second conditions of equilibrium to the cralc. 

SET Up: The free-body diagram for the crate is given in Figure 11.67. 



/. =(0.375 m l cos 45° 

/ 2 »(1.25 m)co*4S° 

Lei /; and F. be the vertical 
forces exerted by you and your 
frend. Take th: ongin at th: 
lower left hand corner of the 
crate (point A). 


Figure 11.67 
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Execute: ]T/\ = ma t gives F t + F* - h*- 
f] ^J=.w-(2C0 kg|(9.K0 m’s J ) -I960 N 

Ir,-0 B<>« /y,-< -<! 

■' 0375 moot 


* 


u 


N 


1.25 m cot 45’ 


- 590 N 


Then F { — h*— /\ — 1960 N - 590 N - 1370 N. 

EVALUATE: He pcrsoci below tycni) applies a force of 1370 N. The person above (your friend) applies a fcecc of 
590 N. It is better to be the person above. As the sketch shows, the moment arm for /** is less than for F*. so must 
have F > F. to compensate. 


IDEYV1FT: 
S»:r Up: 


68 h Ld 


Apply the hrst and second conditions tor cquilitcium to the forearm 
The free body diagram is given in Figure 11.6Sa. and when holding the weight in Figure 
+y be upward. 

E\*:c l TE: (a) Ir i# ^ ^0 gives F' U <3.S0 cm) - (15.0 NK15.0 cm) and F u ^ 59.2 N . 

(b> Sr, -0 gives /^(J.KOcm)^(15.0 N)(l5.0cm)-t (80.0 N)(33.0cm)and F % = 754 S . The biceps force has a 
short lever arm. so it must be large to balaixe the torques. 

(c) S F % -0 gives -F % +F u - 15.0 N-80.0 N - Oand F u - 754N -15.0 N-80.0 X -659 N . 

Evaluate: (d) The biceps muscle acts perpendicular to the forearm, so its lever arm stays the same, but those of 
the other two forces deervaxe as the ann is raised Tlxrcforc the tension in the biceps muscle decreases. 

Fu 


ISC 

MU 


1X0 

cm 




I— 150 —“ 

- 


h (I50NJ 

nOcm 


rp W<I5.0N) r. 

Figure 11.68a. b 

iDCVim: Apply ]Tr -0 to the forearm. 

SET UP: The tree-body diagram for the forearm rs given m Fig. 11.10 in th: textbook. 
EXECUTE: (u) Ir -0. axis at elbow gives >»X-(r nn(t\D-Q. sr 


/i 

■ ■ ■ so n - - j —■— 

Ljti 7 * 


lb) 




i'm 


•t/i 




rD' 


l- 


ir \ 


/. s Mi t i> I ‘ ti+rf) 

Evaluate: (c) The result of part tb) shows that w 


; the derivative is positive 

increases when D increases, since the derivative is positive. 


is larger for a chimp since D is larger. 

iDf.MItY: Apply the first and second conditions for equilibrium to the table. 

SET UP: Label the kgs as shown in Figure 11.70a. Legs .( and Care 3.6 m apart. Let the weight be placed closest 
to legs C and Z>. By symmetry. A - 8 and C - D Redraw the table as viewed from the AC side. The tree-body 
diagram in this view is given in Figure 11.70b. 

EXICUIE: £’■ <“•*»>« n S hl end! - 0 given 2,4(3.6 m>-(90.0 N 1(1 A m>*(l500 N 1(0.50 m) and 
.1-I30N-B YF -0 given A B . C - D - 1590 N . lining .4-0-I3ON and C~Cgivct C*D = 670N. 
By Newton's third law of motion, the forces A, B % C. and D on the table are the sare rmgnxtudc as the forces the 
tabk exerts on the ftuce. 
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11.71. 


11.72. 


Evaluate: As expected, the lcgt ckwat to the 1500 N weight exert a greater farce on th: floor. 


I3CON 



Figure 11.70a. b 


iDEvnn: 
(a) Set L>: 


Apply Vr -0 first to the roof and then to otc wall 
Consider the forces on the roof: see Figure 11.7lx 



V and // are the vertical 
and horizontal forces each 
wall exerts on the roof. 
h* - 20.000 N is the total 


weight of the roof. 
2K - n so V = w/2 


Apply 2*?. =0 to one half of the roof, with the axis along th: line where the two halves join. Let each half have 
length/.. 

Execute: <w/2)(I f 2 «c<»35.0°) -t HL sin35.0°- *Xco*3S° - 0 
L divides out. and use V - t*/2 
H sin 35.0° = i wear 35.0° 


//-- 7140 X 

4 tan 35.0° 

EVALUATE: By Newton’s 3rd law. the roof exerts a horizontal, outward force on the wall. For torque about an 
Axis at the lower end of the wall, at the ground, this fcecc has a larger moiwnt arm and hence larger torqiK th: 
talkrr the walls 

<b) Skt L 7 P: The force diagram for ooe wall is given in Figure 11 71b. 



Figure 11.71b 


Consider the torques 
on this wall. 


// is the horizontal force exerted by the roof, as considered in part (a). H k the horizontal force exerted by the 


buttress. Now the angle is 40% so // 


5959 N 


4lan4(r 

Execute: £r - 0. Axis at tlx ground 
//(40 m>- B{M) ml - 0 and B - 7900 N. 

EVALUATE: The horizonla! force exerted by the mot’is larger as the roof becomes more honzontal. since fee 
torques applied to the roof the moment arm for // decreases. The force H required from the buttress is less the 
higher up on the wall this force is applied 
iDSXnFY: Apply £ r - 0 to the wheel. 

SKI L’P: Take torques about the upper comer of the curb. 

EXECUTE: The force F acts at a perpendicular distance R-t i and the weight acts at a perpendicular distance 
Jlt ! -JlRh-h-. Setting the torques equal for Ihe minimum necessary force. F - mg— - 


R-h 
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< l>> The torque due to gravity is the urac. but Ihc fonre F acts at a perpendicular distanre 2R -h. so flic minimum 
force i* <mg)'j2Rh-hv\2R - h). 

EVAlilATE: (c) Less force is rcqviired wbcti Ihc force is applied at the top of the wheel, since in this ease F lias a 
larger moment arm. 

1 1.73. iDEAiitY: Apply the first and second conditions of equilibrium to the gate. 

SET UP: The tree body diagram for Ihc gate is given in Figure 11.73. 



Use coordinate* with the origin at B. Lei // 4 and It % he the forces excited by the hinge* at A and B. The proble 
state* that // f lias no horizontal component. Replace the tcn»on T by its horizontal and vertical component*. 
Execute: w Yr M -0 gives t-(rsin30.0 & X4.(X)mK(rcos30.(ria00ml-»»C2.(Xlml-0 
7(2*in30.0 : 6co*30.0°) = w 

tv 500 N 




N 


2sin30.(r *co*30.1/ 2*in30.0- + ca*30.<T 
<l>> JY. =ma t says //* -7cos30.0 *-0 
//*. - Tcos 30.tr -(268 N)ca*30.0°-232 N 
(c> JY, = nui, says //^ + H At + 7sin30.0° - w- 0 

w - 7sin30.0° - 500 N - <268 N)sin30.0° - 366 N 

EVALUATE: 7ha* a horizontal corr^ioncnt to the left so must be to the right, as these arc the only two 
horizontal force*. Note that we cannot determine }l M and //^ separately, only their sum. 

1 1.74. I DEN HR: Use Lq.l 11.3) to (orate the .r-coordinate of the center of gravity of the block eombimtions. 

SET UP: The center of mass and the center of gravity arc the same point. For two idcntaral blocks, the center of 
gravity is midway between the center of the two block*. 

Execute: <u> The center of gravity of top block can be as far out as the edge of the lower block The center of 
gravity of tlu* combinatxm is then 37/4 to the left of the right edge of the upper block, so the overhang is 37/4. 
<b) Take the two-block combination from part tat. and place it on top of the third block such thit the overhang of 
37/4 is from the right edge of the third block: that is. the center of gravity of the lirst two blocks is above the right 
edge of the third block. The center of mass of the thrcc-blcek combination, measured from the right end of the 
bottom block, is -7/6 and so the largest possible overhang is (37/4)+(7/6) - 117/12. Similarly, placing this 
three-block combination with its center of gravity over the right edge of the fourth block allows an extra overhang 
of 7 fK fora total of 257/24. 

(c) As the result of part lb) show*, with only four block*, the overhang can he larger than the length of a single 
block. 


I $7 227 257 

fhc sequence of maximum overhang* is . —— . —— The increase of over lung when on: 


EVALUATE: 

more block is added is dxreaxing. 
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11.75. 


11.76. 


iDFAlin: Apply the fir*t and second conditions of equilibrium. first to both marbles considered as a composite 
object and then to the bottom marbV:. 

(a) SET llr: The forces cci each rmrble are shown in figure 11.75. 



Execute: 
F m *2wm\A7U 
sin 0-R}2R so 0 — 30 5 
= 0. axis at P 
F c {2Rcqi(T)-wR^0 

r « mg - 0.424 N 

‘ 2co*J0’ 


F . =/y = 0.424 X 


Figure 11.75 

(blConsi&r th: forces on the bottom marble. The horizontal forces must sum to zero, so 


F. - «si 




- Q.84S N 


sin 30° 

C ould use instead that the vertical forces sum to zero 
F g -mg-nccaO *0 
Fg-"g 


N. which checks. 


cos 30* 

EVALUATE: If we consider each marble separately, the line of action of every force pusses through the center of 
the marble so there rs clearly no torque about that point for each marble. We can use the results we obtained to 
show that Y^F, =0 and Y F\ -0 for the top inarWe 
IDENTIFY: Apply - 0 to the right'hand beam. 

SET Up: Use the hinge as the axis of rotation and take counterclockwise rotation as positive. If F nma rs the tension 
in each wire and w - 200 N is the weight of each beam. 2F 0tm - 2w - 0 and - w . Let L be the length of each 
beam 

Execute: (u) ^ r. - o gives sin— cos — - tt—sin — - 0. where 0 is the angle between the beams 
and F is the force exerted by tb: cross bar. The length drops out. and all other quantities except F arc known, so 


F - 


F,sin( 0 ' 2 »-iw smlfA 2 i 


-<2f.„-»|lan£. Therefore F - (260 N)lan—^—I JO N 


T «*«> 

(hi Tlie crossbar is undrr compression, as can be seen by lirugining the behavior of the two beams if the crossbar 
were removed. It is the crossbar that holds them apart. 

(c> The upward pull of the wire on each beam is balanced by the downward pull of gravity, due lo Ihc symmetry 
of the arrangement. The hinge therefore exerts no vertical force. It must, however, balance the outward push of 
the crossbar. The hinge exerts a force 130 N horizontally to the left fee Ihc right-hand beam and 130 N to the 
right for the left-hand beam. Again, it's instructive to visualize whal the beams would do if the hinge were 
removed. 

EVALUATE: The force exerted on each beam increases as 0 increases and exceeds the weight of the beam for 
9Q\ 
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11.77. IDENTIFY: Apply the first and second conditions of equilibrium to the bale. 

(a) Sri Ilf: Find tbc angle where the bale Uarts to tip. When it starts to tip only the lower let! hand comer of the 
bale makes contact with the conveyor belt. Therefore th: line of action of the normal force n passes through the 
left-hand edge of the tule. Consider V r A - 0 with point A at the lower left-hand corner. T7>en - 0 and r ( - 0. 
so it muu be that r - 0 also. This nxant that the line of actxm of the gravity mutf pass through paint A. Thus 
the tree-body diagram must be as shown in Figure 11.77a 



Figure 11.77a 


Execute: 

„ 0.125 m 

tan - 

0.250 m 

P - 27°. ancle where tips 


SET UP: At the angle where the hale is ready to slip down the incline A has its maximum possible vahic. 

A = /i % n. The firc«body diagram foe the bale, with the origin of coordinates at the eg is given in Figure 11.77b 


Execute: 

n-mgca*p=Q 
nmmgcoip 

A * W*2**P 

I f % has maximum value when 
bale readv to sl^i) 

• 

A - Aw^sin p - 0 
fj mg cos p - mg sin // - 0 
tn p-fJ % 

- 0.60 gives that fl « 31° 

< l>> The magnitude of the friction force didn’t enter into the calculation of the tipping angle; still tips at // - 2T 5 . 
For ji % a 0.40 tips at fl - ar:tan| 0.40> - 22° 

Now the bale will start to slide down the incline before it tips. 

Evaluate: With a smaller fj the slope angle p where the tule slips is smaller 
11.78. IDENTIFY: Apply -0 and - Oto the bale. 

SET Up: Let be horizontal to the right Take the rotation axis to be at the forward edge of the bale, w here it 
contacts th: horizontal surface. When the bale Jus* begins to tip. the only point of contact is this point and the 
normal force produces no torque. 

Execute: (u> t'-f- fi t *^ //,mg -(0.35H30.0 kgM9.K0 m/»'l - 103 N 

(b) With raped !o ibe forward edge of lb: bale, lb: Icier arm of Ihc weigh! 11 0 m - 0.125 m »r«l the Ici’er 
arm h oflhe qiplied force »then h - (0.125 - (0. 1 25 m l j- - " l^ 5 . m - 0.36 m. 

EVALUATE: As increases. F must increase aiul the bale tips at a smaller /i. 



Figure 11.77b 

fl = 27° to tip; P- 3 l c to slip, so tips first 
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11 . 79 . 


11 . 80 . 


iDIAIltY: Apply the first and second condition* of equilibrium to tlie door, 
(a) SET Uf: The free-body diagram for the dixir is given in Figure 11.79. 



Take the origin of coordinates at the center of the door (at the eg). Let n A n M% and be the normal and 
friction force* exerted on the door at each wheel. 

Execute: £/*, =ma f 
n, -f = 0 
n t -f n M = m- - 950 N 



+ = 0 

F = h<+f,< 

At ~ l\ n i- At -A n .> » F • M"t A ~ (0.521(950 N. - 494 N 

I*-® 

n M • fa* and fi* have zero moment arms and hence zero torque about this point 


Thus -tut 1.00 m)- n t (2.00 m) - F(/i) = 0 


H<1.00m)-F(*> <950 NX LX m) -(494 N)(l.60«n) ^ v 
4 ~ 2.X m ” 2.00 m 

And then rr 4 - 950 N -/i, -950 N-80 N - 870 N. 

<b) SET UP: If ft is too large the torque of/* will cause wheel A to leave the track When wheel A Just starts to lift 
off the track n A and f kt both go to zero. 

Execute: The equations xn part (a) still apply 
n A + itj - w» 0 gives n M **•* 950 N 
Then f u ^ ^ 0.52(950 N) - 494 N 

Wu+/i**494N 

♦u<l M ra)-«,(2.00 m)-/*(/)- 0 

E . Ml-OOml <950NHl.00m> 

F 494 N 

Evaluate: The result in part lb) i* larger than Ihe value of A in part (a). Increasing ft increases the clockwise 
torque about D due to F and therefore decreases the clockwise torque that n A must apply. 
iDEAlltY: Apply the first and sccceid conditions for equilibrium to the boom. 

SET UP: Take tlx rotation Axis at the left end of the boom. 

EXECUTE: (u) The magnitude of the torque exerted by the cable must equal the magnitud: of the torque due to the 
w eight of the boom. The torque exerted by the cable about tlx left end is TL sin 0 . For any angle 0. 
sin(180 D —0) - sin#. so the tension 7* will he the sanx for either angle. The horizontal component of the force that 
tlx pivot exerts on the boom will be Tco%0 or 7*cos(180‘- 0) = -T cos 0. 

<l>) From the result of part (ah T is proportional to- and this becomes infinite as 0 -> 0 or 0 -* IKtt 5 . 

sin O 

(c) The tension is a minimum when sin0 is a maximum, or 0 - 9<7\ a vertical cable. 

(d) There are no other horizontal forees, so for the boom to be in equilibrium, the pivot exerts zero horizontal force 
on the boom 
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11 . 81 . 


11.82. 


KVAUIATE: At tHc cubic approaches the hwizontal direclxw. its moment arm for tlx axis at the pivot approaches zero, 
so r must go ti> infinity in order for tlx torqix due to the cubic lo continue to equal the gravity torque. 
iDIAiitY: Apply the first and second conditions of equilibrium to the pole. 

(a) SET Up: The free-body diauram for the pole is given in figure 11.81. 


n and/arc the vertical and 
hwi/ontal components of the force 
tlx ground exerts on the pole. 

Y F * mi/ 



/-o 

Tlx force exerted by the ground 
has no horizontal component. 


Execute: 

tT(7.0 m)cos0 - mg(45 m)cos0 = 0 
T - mg (45 m l 7.0 m)»(45/7.0X570) N) * .1700 S 

2»o 

n -f r - mg - o 

n - mg-T=^ 5700 N - 3700 N - 2000 N 

Tlx force exerted by the ground is vertical (upward i and has magnitude 2000 N. 

Evaluate: We con verify that Y / - 0 for an axis at the eg of the pale. T > n siixc T acts at a point closer to 
the eg and therefore his a smaller moment arm for this axis than n does. 

(b) In the Yr^-0 equation the ang.V: O divided out. All forces on the pale are vertical and thexr moment arms 
are all proportional to cos 0 . 

IDENTITY: Apply the equilibrium conditions to the pole. Tlx horizontal component of the tension in the wire is 

22.0 N\ 

SET Up: The free body diagram for the pole is given in Figure 11.82. Hie tension in the cord equals the weight 
H' F t and are tlx complements of the foeve exerted by tlx hinge. If either of these Twees is actually in the 
opposite direction to what we have assumed. we will get a negative value when we solve for it. 

Execute: (u> r*in 37.0°^ 22.0 N «i r-36.6N. £r -Ogive* <r«n37.0 B XI-75 m)-f»'(l J5 m) = 0. 

w .j22.Q Nl 1.75n,i jgj N. 

1.35 m 

lb) V/' ^Ogivc* f\ - real 37.0“-» -0 and F. -(36.6 X)<x»37.0° + 55.0 N - K4.2 N Y/\ -Ogive* 

If - ?*in37.0 B - f, -0 and F lt - 28.5 N - 22.0 N - 6.5 N . The magnitude of the hinge force i* 

F-\lF,‘+F; -84.5 N. 

EVALUATE: If we consider torqixs about an axis at tlx top of the plate, we sec that must tv to the left in order 
for its torque to oppose the torque produced by the force W. 





Figure 11.82 
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11.83. 


11.84. 


11.85. 


IDI-Vim: Apply Yr - 0 to Ihc slab. 


Si:r L T P: The free body diagram is given in Figure 11.83a. tan ft - -■ so // - 6S.CT. 20.0 ; + ff + a - 90 e so 


vs m 


r/ - 5.0'. The diNtaixc from the axis to the venter of the block i 


3.75 m 


1 75 m 


- 2.07 m. 


2 / \ 2 , 

Execute: (a) n(2.07 m)sin5.0’-7i3.75 m)sin52.0 e - 0. 7 - 0 . 061 k . Each worker must exert a force of 
0 . 012 w, where w is th: weight of the dab. 

(b) A* 0 increases, the moment arm for m &; reuse* and the mi>ment arm for 7 increase*, so tlie worker needs 
exert lets force. 

(c> 7 ~> 0 when m pastes through the support point. This situation it sketched in Figure 11.83b. 

(1.75 mW 2 


anf/- 


tind 0 - 25.0° . If 0 exceed* this value the gravity toruue causes the slab to tip over. 


(3.75 m)/2 

EVALUATE: The moment arm for 7 is much greater than th: moment arm for w. so the force th: workers apply is 

much lets thin the weiuht of the slab. 




EXECUTE: (a) A -1 — A/ - — J.v . This in the form of 7- - Lx . with k - — 


Figure 11.83a. b 

IDENTIFY: For a spring. F-kx. Y-LlL 

AAJ 

Set Up: F, = F = IF and U - x . For copper. > ^11x10“ Pa. 

• f“W“l 

1.1 U J 

I,. 0.750 m 

(c» H'm ti -<1.9-10' N.lnXl.25»IO''* ml - 240 N 

Evaluate: For th: wire the force constant is very large, much larger than for a typical spring. 

IDKXIIFY: Apply Newton’s 2nd law to the mass to find the tension in th: wire. Then apply Eq.(l 1.101 lo the wire 
to find the elongation this tensile force produce*. 

(a) SET UP: Calculate Ihc tcnsxm in th: wire » the maw passes through the lowest point. The free-body diagram 
for the mass is given in Figure 11.SSa. 


F 


Ml 

Figure 11.85a 

Execute: ]T/\ = ma , 

7 - mi? - mfoo : so that 7 - m <g + Rm : ). 


Ibc mass moves in an arc of a circle 
w ith radius R - 0.50 m. It has 
acceleration directed in toward 
the center of the circle, so at this point 
a . k upward. 
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Hut to must be in rad's: 

to = (120 rev minl( 2 .T rad 1 rev# I min 60 s) - 12.57 rad * 

Then r -(12.0 kg>9.80 mV -»(0.S0 m*12.57 radi)’) - 1066 N. 

Now calculate the ekmuatuxi Al of the wire that this tensile force pxodures: 

_11066 NMO 50m> 

A A! YA (7.0x10 PaHO.014* 10 m‘) 

(b) SET L’P: The accelcratxm ix directed in towards the center of the circular path, and at this point in the 
motxin this direction is downward. The frcc-hody diagram ix uiven in Figure 1 l.S5b. 




Execite: 

Z F > 

mg r r - mRtv' 
T — mi Rea' - ? I 


Figure 11.85b 

r = <12 0 lg)«0-50 m» 12.57 radii’ -9.80 m i') -830 N 

FJ, 1830 NH0.50 m) 

Ai-0.42 cm. 

YA <7.0x10“ Palt.0.014vlo m') 

Evaluate: At the lowest poant T and w are in opposite directions and at the highest point they are in th: same 
direction, xo T is greater at the lowest point and th: clongaticei is greatest there. The elongation is at most l%of the 
length 

IDEXIUY: F m -1 -— A/ so the slope of the graph in pari <a) depends on Young’s modulus. 

v4/ 

SET UP: F x is the total load. 20 N plus the added load. 

Execute: (u) The graph is given in Figure 11.86. 

(b) The slope is - —- - 2.0 x 10 4 N/m 

(3.32 -3.02)x 10 J m 

K -! —|<2.0>• 10* N.'mF- --1(2.0x10* Nm|- 1.8x10'' Pa 

Ur J (3(0.35x10 mr/ 

(c> Tlie stress is / A . The total load at the proportional limit is 60 N r 20 N - 80 X. 

stress- -—:--2.1x10* Pa 

.r(0.35xl0 mP 

Evaluate: The value of Y we calculated is close to the value for iron, nickel and steel in Table 11.1 





1.2 4.1 


Figure 11.86 
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11.87. IDENTIC: Use Ihc second condition of equilibrium to rcbte the tenwm in the two wires to the distance w is from 
tlic left end. Use l:q«.( 11.8) and (11.10) to relate the tension in each wire to in stress and strain. 

(a) SET Uf: stress - F f A, so equal stress implies T > A same Uk each wire. 


T f 2 <10 mm" ^ 7 1 4.00 mnV so 7 - 2.IXir 


Tlie question is where alone the rod to hang the weight m order to produce this relation between the tensions in the 
two wires. Let the weight be suspended at point C, a distance x to the right of wire A. The free*body diagram for 
the rod is uiven in Figure 11.87. 



EXECUTE: 


2>r-0 

?T <1.05 m-*)-7x^0 


l ipirc 11.87 

But 7, = 2.007, so 2.007,(1.05 m -a*)- 7 4 x=0 
2.10 m- 2.00x - x and x - 2.10 m 3.00 - 0.70 m (measured from A >. 
(h> SET UP: Y - stress-strain gives that strain - stress.' Y - F\ / AY. 
Execute: Equal strain thus implies 

_ T. ___ T* _ 

(2.00 mm'MI.80«10" Pa) (4.00 nan* 1(1.20*10" Pa) 


; ±1! 0 K20 j 

* t 2.00 A 1.80 ) A 

The »0 equation still gives 7*(1.05 m - x) - T t x - 0. 

But now T M m\.mT A so <1.333^X105 m-x)-7>&0 
1.40 m - 2.33.Y and x - 1.40 m‘2.33 - 0.60 m (measured from Ay 

Evaluate: Wire B has twice the diameter so it takes twice the tensxm to produce the same stress. For equal 
stress the moment ann for 7, (0.35 m) is half that for T t (0.70 m>, nnee the torques must he equal. The smaller Y 
for B partially condensates for the larger area in determining the strain and for equal strain the moment arms are 
closer to being equal. 

IDENTITY: Apply Fq.< 11. lot and calculate Al . 

SET Up: When the ride is at rest the tension F l in the rod is the weight 1900 N of the car and occupants. When 
the ride is operating, the tension F in the rod is obtained by applying ^ F - md to a car and its occupants. The 
free*body diagram is shown in Figure 11.88. The car travels in a circle of rxiius r - /sin# . where / is the length of 
the rod and 0 is the angle the rod mikes w ith the vertical. For steel. )' - 2.0 x 10* 1 Pa . 
to - 8.00 rev min - 0.838 rad»‘s . 

Execute: ,.) * - !&. _05.0 mW'Qt* ?=» _, 78 „ |0 * m . 0 . 18 mm 

YA <2.0x10“ Pa)8.00xl0 4 m ) 

11 >> ^7* -ma t gives /* sin 0 - mrtJ - mi%u\(ko* and 

F - mlcY -1-— 115.0 mTO.838 rad \Y - 2.04 x 10 N . AJ -1 -—-—!- 10.18 mm>-019 mm 


Execute: (i>a/ = AL.- 


-1.78x10 4 m-0.18mm 


■ ‘ M15.0 mXO.838 rad s>*-2.04x10* N . AJ - 1 -— 10.18 mm) - 0.19 mm 

9.80 m s* / 1900 N f 
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I1.K9. 


11.90. 


Evaluate: JTf, -«ur give* F x ca*0 

become* small . Smaller costf 0 i 


the rods move toward the horizonta 


'< *i [ 

F± 



IDENTIFY and SET Up: The tension is the some at all points along the composite rod. Apply Eqs.l I I.H) and 
( 11.101 to relate the elongations, stresses, and strains for each rod in the compound. 

EXECUTE: Each piece of the composite rod is subjected to a tensile force of 4.00x10* N. 

wr.£L..*.£i 

AM YA 

A t % - A/, gives that —- - —- tb for brass and n 6>r nickel l: , - L 

KA. K-4. 

But the F x is the same for both, so 

, ( 21*10" Pa V 1.00 cm 1 V 4 , ,, 

I. - - - 11.40 m) - 1.63 m 

(9.0x10“ Pa J( 2.00 cm 2 ) 

(b) stress - F k f A - TfA 

brass: stress - TfA - (4.00x 10* NK2.XxlO^ m’) = 2.00x10* Pa 
nickel : strew = TtA -<4.00x 10* N)(l.00xl0* m J ) = 4.00x10* Pa 

(c) K - stress 1 strain and strain - stress*)' 

brass : strain-(2.<X) x 10* Pa>'(9.0xlO* Pal ^2.22x10 1 
nickel : strain - (4.00x 10* Pa^lxltf* Pa)-1.90x10 ‘ 

EVALUATE: Larger Y means lew SI and smaller A means greater A/, so the two effects largely cancel and the 
lengths don't differ greatly. Equal A/ arxl ixarly equal / means the strains are nearly th: same. But equal tensions 
and A differing by a factor of 2 means the stresses differ by a factor of 2 . 

F I 

IDI.N I1FY: Apply- ; Y\ — The height from which he jumps determines his speed at the ground. Th: 

acceleration as lie stops depends on the force exerted on hrs kegs by the ground. 

SET L ! P: In consi&ring his motion take +y downwjnl Assume ccnstant accctoalxin as he is stepped by the tloor. 


Execute: (a) F k - YA\ — j = (3.0x|0^ rnXHxlO' PaMO.010)-4.2x10* N 

(b) As he is stepped by the ground, the net force on him is F M - F - mg . where F t is the force exerted on him by 
the ground. From part (a). F, =2(42x10* N*) = S.4xlO* N and F =K.4x 10* N-(70 kg>9.S0 *n/s J )-K33x 10* N 
- mu gives u = 1.19x10’ m/s*. a t = -1.19x 10* m s* since the acceleration is upward, t, - »’ 0 , gives 
v 4 , = -i,f =<-1.19x10* ms* #0.030 s) a 35.7 ms. His speed at the ground therefore is i - 35.7 ms . This speed is 

related to his imtul height h above the floor by - mgh and h -65 m 


2g 2(9410 ms*) 
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Evaluate: Our estimate is based %o!oly on coirqirtwive itrw^; other injures arc likely at a much lower height. 

11.91. IDENTIFY and SET UP: )' - FJ t f A At <I^|. 11.10 holds since the problem states that the stress is proportional to 
the strain. > Thus At - FJ, f AY, Use proportionality to see how changing the wire properties affects A/. 
EXECUTE: (a) Change /„ but r (same Hood lamp), A (same diameter wire). and Y (suite material! all stay the 
sanx. 

A/ F. A/. A/. 

-constant, so- 

I, AY A/„ A/„ 

A/, A/,(/„//,( -2Al t - 2(0.IS mm) = 0.36 mm 

<b> A - x<dl2Y-±xd\ h> Al - ~— 

F„ I,.. Y all »lay the some, mi AJ(d ! ) = FJ, /(4.tK) ; ciintum 

A &,(*!) 

A/, m/J l (d l /d i )‘ -<0.IS mm* 1/2)’-0.045 mm 

(c) F,, 4. A ill «ax the same so A/)' - FJa IA - constant 


Af, -A/,(>;/>j)= (0.1 S mm 1(20- 10" Pa'll-10” Pa)-0.33 
EVALUATE: (greater / means greater A/, greater diameter nxant less At. and smaller )’ means greater At. 

11.92. IDENTIFY: Apply ISq.<l 1.13l and calculate AV . 

SET Up: The pressure increase is wt A . where tv is the weight of the bricks are! A is the area ;rr* of the piston 

Execute: *.2252!ji...«rfh 

.e|0 150 m>* 

V - ~B±L gives AV , -IM1, -«•*«■0'PaH250L, ^ L 

v 4 it 9.09 x 10 Pa 

Evaluate: The fraclHioil change in volume is only 0.022%. so this attempt is not worth the effort. 

11.93. IDEM 1FY and SET Up: Apply Fqs.f 11.8) and (11.15>. The tensile stress depends on the component at F 
perpendicular to the plarx and tlx shear stress depends on the component of F parallel to tlx plane. The forces 
are shown in Figure 11.93a 

i 

i 



(a) Execute: The components of F are shown in Figure 

F - 


Hb 



Tlx area of the diagonal 

face is .1 craft. 


tensile xtrera - 


M/craft) 


1 


stress - 


- /*cosft.'(d/cosft» 


- /*smft'(d/cosft! 


/•era* 


A 

Fsmftcraft 


F sin 2ft 


i using a trie identity). 


(A/ craft) A 2 A 

Evaluate: (c) From the result of part la) the tensile stress is a maximum for cosft -I, so ft - 0°. 
(<l) From the result of part (b) the shear stress is a maximum for sin 2ft - 1. so for 2ft - 90° and thus 


- 45 : 
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11.94. 


11.95. 


11.96. 


IDIVIIIY: Apply the txrst and second conditions of equilibrium »o the rod Tlxm apply Eq.(l 1.101 to reiitc the 
compressive fonre ai the rod to its chance m length. 

Setup: For copper, J^l.lxlO" P.i . 

EXECUTE: (a) Taking torques about the pivot, the tension T in the cable is related to the weight by 

rtsin 0 )/ # - mgL/2+ so T - —— . The horizontal component of the force thit the cable exerts on the rod. and 
2 in 6 

hence the horizontal component of the force tKit the piv ot exerts cxi the rixl, is -^pcot 0 and tlie stress is cot 0 . 

|b) A/- : ———— A/ corresponds to a decrease in length. 

.1) 2 AY 

(c) In terms of the density and length. {mjA)- so the stress is (/if»g/ 2 )cot 0 and tlx: change in length is 
(pt;gj 2 Y)coxfl. 

(dl Using the nunxncal values, the stress is 1.4x10' Pa and the change in length is 2.2 * 10 * m 

(el The stress is pmportiixial to the length and tlx: change in length is propartional to the square of the length, and 

so the quantities change by factor* of 2 and 4 

Evaluate: The compressive force and therefore tlx: decrease in length iixrrcase as 0 decreases and tlx: cable 
becomes more nearly horizontal. 

IDENTIFY: Apply the first and second conditions for equilibrium to the bookcase. 

SET UP: When the bookcase is on the verge of tipping, it contacts the floor only at its lower left-hand edge and 
the normal force acts at this point. When the bookcase is on the verge of sloping, the static friction f«ce has its 
largest possible valix. //.« . 

Execute: (u) Taking torques about the left edge of the left leg. tlx: bookcase would tip when 

F - 1 lN> ' N lU ‘ 1]> 750 X arxl would slip when F - (u .H15<Xl N» - 600 N. so tlx: bcxikcasc slidnr before 
(l.hO m) 

tipping 

(b) If F is vertical, there will be no net hon/ontal force and the bookcase could not slide. Again taking torques 
about the left edge of the left leg. the force necessary to tip the case is — ■ - 13.5 kX*. 

(cl To slide, the friction force is / - ii <»v -t F cosand setting this equal to FtinO and solving for F gives 




-Ito slide). To tip. the condition is that the normal force exerted by the right leg is zero, and 
sin 0 -//. cos 0 

taking torques about the left edge of the left leg. /‘sin 0(1.80 m)r F cos 0 ( 0.10 m> - w<0.90 m), and solving for 

w 


/ gives / - 


(to tipl. Scttine the two expressions equal to each otlx^ gives 


66 *. 


<l/ 9 )cos 0 + 2 si 

0 % «l/91co*0* 2 san 0 )-sin 0 -//.co* 0 and solving toe Ogive* 0 - arctan ^ U ‘ 

Evaluate: The result in tel depends not only on the nunxrneal value of fi* but also on the width and height of 
the bookcase. 

IDEs I 1 FY: Apply £ r - 0 to the post, for various choices of the location of the rotation axis. 

SKT UP: When the post is on the verge of slipping. / 4 has its largest possible value. / - fi> n . 

EXECUTE: (u) Taking torques about the paint wixm: the rope is fastened to the ground, the lever ami of the applied 
force is h 1 2 and tlx: lever arm of both the weight arxl the normal force is h tan 0 . and so /* - (it - w}h tan 0 . 

a 

Taking torques about the upper paint (where the rope is attached to the past), flt - F Using / i fin and solving 


for F, F ^2 


i-k 


LlXl 0 


- 2(400 X’)| 77 ^ 77 * 


0.30 tan 36.9 


- 400 N - 


(b| The above relations between /“.candy* become F Lh - (fl — M'^i tarn 0 , /-^/\ and eliminating/and ji and 


solving for F gives F £ n ( JLL -- % and substitution of numerical values gives 750 X* to two figures. 

fi lan 0 




11 . 97 . 


11 . 98 . 


11 . 99 . 
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(c) If the force is applied 2 distance y above the ground, the above relations become 
Fy -(n- w\h tan 0 % Fih - i’| - M* which become, on eliminating n and i . w i F 


I »->•'*) iy**) 




latitf 


As (he 


term in square brackets approaches zero, the necessary' force becomes unboundedly large. The limiting value of r 
is found by setting the term in square brackets equal to zero. Solving fory gives 

y tan# tan 36.9° _ t 

- --0.71. 

* .. 

/•*must balance the torque due 


0.30 -t tan 36.9 

Foe th: post to slip, foe an axis at the top of the past the torque due 


A*™ 

Evaluate: 

to the friction force. As the point of application of/* approaches the top of the post, its moment arm for tbits axis 
approaches zero. 

Identity: Apply -0 to the girder. 

SET L’P: Assume that the center of gravity of the loaded girder is at Ljl, and that the cable is attached a distance 

v to the right of the pivxit. The sane of the angle between the lever arm and th: cable is then hjjh 1 + ((1/2)-*)* . 
EXECUTE: The tension is obtained from balancing torques about the pivot; 


, *' _Uwi/a 

Jh‘ r (W2)-x)‘\ 


where iris the total load The minimum tension w ill oecur wben the term in 


square brackets is a maximum; ditVercntiating and setting the derivative equal to zero gives a maximum, and hence 
1 minimum tension, at x tm - [h'jL\ + (Lf 2 ). I lowcvcr. if x g ^ > I. which occurs i (h> Ljjl % the cable must be 
attached at L. the farthest point to the nght. 

Evaluate: Note that X mm is greater than L: 2 Kit approaches Lf 2 as h -> 0 . The tension is a minimum when 
the cable is attaclvd somewhere on the right-hand half of the girder. 

I DEN 11 TV: Apply the equilibrium conditions to the ladder combination and also to each laddrr. 

SET Up: The geometry of the 3*4 -5 nght triangle simplifies some of the intermrdiaic algebra. IXcnote the forces 
on the ends of the ladders by F t and /** (left and right!. Tlie contort fences at the ground will be vertical, since th: 
floor is assumed to be frictionlcss. 

EXECUTE: (u) Taking torques about the right end. ^{5.00 m)- (480 NM3.40 m) + (360 N 1(0 90 m) t so 
F t a 391 N . t\ may be found in a similar manner, or from F t - 840 N - F k - 449 N. 

(b) Tlie tension in the rope may he found by finding the torque on each ladder, using the point A as the origin. The 
lew arm of the rope is 1.50 m For the left Udder. 7*0.50 m)= /* t (3.20 in)-(480 NXl.60 m). so 7*322.1 N 
(322 N to three figures). As a check, using the torques on the right ladder. T< 1.50 ml - 7^11.80 m)-(360 NM0.90 ml 
gives the sam: result. 

(c) The horizontal component of the force at A must be equal to the tensiem found in part (b). The vertical force 
must he equal in migiutude to the difference between the weight of c»rh Udder and the force on the bottom of 
each ladder. 480 N - 391 N - 449 N - 360 N - 89 N. The magnitude of the force at A is then 

„'l322.1 Ny »(H9 X)' - .134 N. 

(<ll The easiest way to do this is to see that tlie xlded laid will be distributed at the flocr in such a way that 
F\ a F l + (0.36*800 N» - 679 N. and /^ - /* ♦ ( 0 . 6 I)(K 00 N) - 961 N. Using these forces in the form for the 
tension found in part (b) gives 


r = 


F a '< 3.20 m)-(480 N)(L60 ml Fl (\.SO m)-(360 NM0.90 m) 


- 937 N 


(l -30 ml <1.50 m) 

EVALUATE: The presence of the pamter increases the tension in the rope, even though his weight is vertical and 
the tension force is hcei/ontal. 

IDENTIFY: Apply I-q.(l 1.14) to each material, the oil and the sodium. Fee each materal. bp - F f A . 

SET UP: The total volume change. AF M . is related to the distance the piston moves by W XA - Ax . 

EXECUTE: The change in the volume of tlie oil k k il v < fip and the change in the volume of the sixiium is k K \\bp. 
Setting th: total volume chinge equal to Ax {x is positive) and using bp - FfA % Ax - (/<,!'„ + k g V g }^FfA\ And 

' A‘x 


solving tor k t gives -| -</> — 
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EVALUATE: Neglecting the volume change of the oil corresponds to selling k t> - 0 f and in that cate 4. - y— In 
either case, a* is larger when k % is larger. 

11 . 100 . IDENTIFY: Write £(pY) or A (pV r ) in terms of Ap are! AY and use the fact that pV or pY is constant. 

SET Up: B is given by Hq.fl 1.13). 

Execute: (a) For constant temperature (AT- 0 ). MpY) = (Ap)Y + p(AY) - Oand B - - 1 - p . 

\£Y) 


<l>> In this situation. (Ap)Y r + jp[&V) Y r - 0. (Ap)-t 'fp-~T - 0. and B - - - ^ - - yp. 

EVALUATE: We will see later that y > I. so B is larger in part <b). 

11.101. iDIAim : Apply Iiq.( 11 -10) to calculate Ai. 

SET Up: For steel. Y = 20 * 10“ Pa . 

Execute: (u) From Eq.fl 1.10), A/ - ——— Sl Ll ' * 1 11 ''' 6.62x10 4 nv or 0 66 mm to two figures. 

^ (20x 10 PaH5.COxlO m*) ^ 

<l»l (4.50 kgK^.HO myV)l0.0500x 10 * m) - 0.022 J. 

(c) The magnitude F will vary w ith distance: the average force is >W<0.0250 an//,) = 16? N. and so the work 
dooebythc applied force is (16.7\X0.0500xI0 * ml =8.35x10 ; J. 

<d) The average force the wire exerts is <450 kg)£ ♦ 167 N - 60.H N. The work done is negative, and equal to 
-(60 S N #0.0500 x 10 * % m) - -3.04x10 3 i. 


v.i 

(e> Eq.(l I I 0 > it in Ihc fixm of 11 exile's law. with A -C. - -tv'. to AC. - lAlx; - if). 

i, -6.62x10 1 m and i. -0.500-10 m»i - 11.62x10 1 m . Hit ehinge in claaic potential energy is 


120 x 10 " PaXS.OOxlO ' m > 
2| 1.50 m) 


ill l.62x 10 * m) f -(6.62x10* m)') = 3.04x 10 ! J. Ibe negative oftbe result of 


pan (d). 

EVALUATE: The tcnulc force in the wire is conservative and obeys the relation W - -A U . 




Gravitation 


12.1. Identify and s*:r UP: Ujc the law of gravitation. Eq.( 12.1). to determine f. 


Execute: F^ m U G rr "' er '" <S - sun. M - moan); F u ^ M - G —it _ earthl 

r i>l 

a-L -I a^L II UafiatV 


F im .u { 'sm m ». V ^ / 

r lM ,the radius of tlx moon's orbit around the earth is given in Appendix F as 3.R4 xltf m. The moon is much 
closer to the earth than it is to the sun. so take the distance of the moon from the sun to be r u . the radius of 
the earth’s orbit around the sun. 


F. h ( 1.99x10** kgY 3.84 x 10* m V 


F tmU V5*9» xl ° kg^l.50xltr mj 

EVALUATE: The face exerted by the sun is larger than the fonre excited by the earth. The moon's motion is a 
combination of orbiting the sun and orbiting the earth. 

12.2. IDEs11FY: The gravity force between sphrrically symmetric spheres is F t - ? - . where r is the separation 

between their centers. 

SET Up: G - 6.67 X10 " N m*' fcg : . The moment arm for the torque due to each force is 0.150 m 

Execute: For each,™ of*™,. r ‘ "> ' ■■■■■■> M , , 37 >,0- N ■ Fron. 

Figure 12.4 in tlie textbook we see thit the faces for each pair arc in opposite directions, so F^ t - 0. 

<b>The net torque is r^ = 2FJ « 2(1.27 x 10 1 N)(0.IS0 m>-3.81*10 ' N in 

(c) The torque is very srmll and the apparatus must be very sensitive. The torque could be increased by* in: reusing 
the mass of the spheres or by decreasing their separation. 

EVALUATE: The quart/ fiber must twist through a measurable angle when a small torque is applied to it. 

12.3. IDENTIFY: The force exerted on tb: particle by the earth is w - mg . where m is the mass of the panicle. The 

force exerted by the 100 kg ball is F f - . where r is the distance of the particle from the center of the ball. 

SET UP: G * 6.67 x 10 " N m*.*g : , g = 9.80 m's*. 

Gmm 

Execute: F u - w gives-•— - mg and 

r - = J. <6 - 6 —10" N n'..y2L'°) **> . Ml KM.- « - 0.0261 mm. h b no. feeble » do ,HU; a 

>1 v V 9.K0 ms* 


100 kg ball wixild hate a radius much larger than 0.0261 mm. 

EVALUATE: The gravitatxmal force between ordinary objects is very small. The gravitatxmal force exerted by 
the earth on objects near its surface is large enough to be important because tbc miss of the earth is very large. 

12.4. IDENTIFY: Apply I^q.< 12.2), generalized to any pair of spherically symmetric objects. 

SET UP: The separation of the centers of th: spheres is 2R. 

Execute: The magnitude of the gravitational attraction is GM 1 i{2R) i - GM'UR*. 

EVALUATE: Lq.( 12.2) applies to any pair of spherically symmetric objects; one of the objects doesn't have to be 

the earth. 
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12.5. 


12 . 6 . 


12.7. 


12 . 8 . 


Ml* 


iDIAim : Use liq.l 12.1 > lt> calculate F exerted by the earth and by the sun and add these forces » vectors, 
(a) SIT Up: The forces and distances arc shown in figure 12.5. 

A u 

Let F t and F\ be the 
**5 gravitational forces exerted 

or the spaceship by the 
earth and by the sun. 


p — u 


EXECUTE: 


(a) F" - 16.673x10''* N m J kg i J(0.IMkg) 


with the 


Figure 12.5 

EXECUTE: The distance fn>m the earth lo the sun is r - 1.50x 10“ m. Let th: ship be a distance v from the 
earth; it is then a distance r - x from the sun. 

F t = F % says that Gtnmjx 1 = CmmJ{r - x)’ 
m u fx~ = mx>(r - xf and (r - x) m = x’(/n^>ui i ) 
r — x — and r - .t(l + I 

x - r - -!————- -2.59x|Cf m (from center of earth) 

I♦ ^1.99x10“ kg 5.97x10* kg 

(l>) EVALUATE: At the instant when the spaceship passes through this point its acceleration is zero. Since 
/w* ^ /w k this equal-force point is much closer to the earth than to the sun. 

IDENTIFY: Apply Iiq.< 12. n to calculate the imgmtodc of the grav itational force exerted by each sphere. Mach 
force is attractive. The net force is the vector sum of tbc individual forces 
SET UP: Let *x lx- to th: right. 

_ (5.00kg) ^ ( IOOI 8) 1 w »,q-„ v 

(0.400 m )’ (0.600 m)" | 

minus sign indicating a net force to the left. 

(b> No. tbc force found in jurt (a) is the imv force due to th: other two spheres. 

EVALUATE: The fcecc from tbc 5.00 kg sphere is greater than for the 10.0 kg sphere even though its mass is less, 
because r is simller for this mass. 

IDENTIFY: The force exerted by th: moon is the gravitational force. F t - —^— . The force exerted on the 
person by the earth is w - »\g . 

s»:r UP: The miss of the moon is - 7.35 x 10-'* % kg . G - 6.67 x 10 1 N • m*ikg*. 

Execute: (>) F_ = F. -(667*10 ' N m'.'kg')!— '[ ' ' —' -2.4-10 1 N. 

|h) = w - (70 lcg)(9.80 nv*‘) = 690 N . F M IF^ -3.5*10*. 

EVALUATE: The fcecc exerted by the earth is much greater than the force exerted by the moon. The mass of the 
moon is less than th: miss of the earth and the center of the earth k much closer to the persem than is th: center of 
the moon. 

IDEMIFY: Use liq.l 12.2) to find the fcecc each point mass exerts on the particle. find the net force, and use 
Newton's second law to calculate the acceleraticm. 

SET UP: Each force rs attractive. Th: particle <mass itt) is a distance t\ - 0.200 m from m -S.CKl kg arxl 
therefore a distance r 3 - 0.300 m from m, - 15.0 kg . Let ♦* h: toward the 15.0 kg mass. 

Execute: F - II—I!1-(6.67x 10 " N nT .Yg V *' \ * M = (1.334k 10 4 NYgyui. in the -v direction, 

r. (0.200 m>* 




In i, (15.0 kgXui 


[667x10 1 N • m /kg") 


[0.300 m>* 


(1.112x10 N YuXui. in the +.r -direction. The net force is 


1-334x10 * N'kg-f 1 112x10 * N,'kg)w = <-2.2x 10* Nlg>i. <i 4 ^ — --2.2x10 v mV . The 
acceleration is 2 . 2 x 10 ' nv’s*'. toward the K.OO kg mass. 

EVALUATE: The smaller mass exerts the greater force, because th: particle is closer to the smaller mass. 
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12.9. 


12.10. 


12 .11. 


IDENTIFY: Apply Eq.( 12 . 1 ) to calculate the magnitude ofeach gravitational force. Each force is attractive. 

SET UP: The masses arc - 7.35 x |0 ; ' kg , m % - I 99 x 10“ kg and m k - 5.97 x 10* kg . IXrniXc the earth sun 
separation asr, and the earth-moon separation as r ,. 


Execute: (d (Gm m I 


—:—-t — 

I'i+'i) * 


6.30x10* N, toward the sun. 


(hi The carth-moon distance is sutlicicntly small compared to the earth-sun distance (/^ « rfl that the vector from 
the earth to the moon can be taken to be perpendicular to the vector from the sun to the moon. The gravitational 

forces an: then - 4.34x 10* N and — - 1.99x10 *S . and so the force has magnitude 4.77x 10* N 


and is directed 24.6° from the direction toward the sun. 


(c> (Cni„ I 


2.37* I0 : ' N, toward (he 


HO 


k -»:)■ •> 

Evaluate: The ixt fceee is very* dxtTcient in each of these three positiems. even though the magnitudes of the 
forces from the sun and earth change very little. 

IDENTIFY: Apply Iq.< 12.1) to calculate the magnitude of each gravitational force. Each force is attractive. 

SET UP: H>c forces on one of the masses arc sketched in Figure 12.10. The figure shows that the vector sum of 
the three forces is toward the center of the square. 

= IF cos 45 ’+ F. = ,<**”* «*& + . 


r.MA Lit: 


F 21667*10 ' N m : VKS<lDkgr c.« 45 ; _ <6.67*11) 1 N- m : \g J |(K0ll kg) ; , . .. 

(0.10 mV <0.10 ml' 

center of the square. 

EVALUATE: Wc have assumed each mass can be treated as a uniform sphere. Each mass must have an unusually 
large density in order to hav e mass 800 kg and still fit into a square of side length 10.0 cm. 

A i B 


X 


1 , 


Figure 12.10 

IDENTIFY: Use Eq.|T2.2) to calculate the gravitational force each particle exerts on the third mass. The 
equilibrium is stable when for a displacement from equilibrium the net force is directed toward the equilibrium 
position and rt is unstable when the net force is directed away from 1 \k equilibrium position 
SET UP: For the net force to he zero, the two forces on M must be in opposite directions. This is the case only 
when A/ is on the line connecting the two particles and between them. The free-body diagram for .1/ is given xn 
Figure 12.11. m. - 3 m arxl m> - m . If M is a distance x from m.. it is a distance 1.00 m - x from m .. 


Execute: (n) F - F. + F, - -G 


Imb 


mM 


(1 .XI m - x) 

A/ k between the two particles, .y must be less than ECO m and x 


-- 0. 3<1.00 m- xy - x *. \.00m-x -±x/yf3 . Since 


Mi 


D.634 m . .1/ must be pUrcd at a 


177775 

point that is 0.634 m from the particle of mass 3ni and 0.366 in from the particle of mass m. 

(b)(i) If .1/ is displaced slightly to the right in Figure 12.11. the attractive force from in is larger than the force 
from 3 m and the net force is to th: right If M is displaced slightly to the kft in Figure 12.11. the attractive force 
from 3/7? is larger than the force from ;n and the net force is to the left. In each case the net force is away* from 
equilibrium and the equilibrium is unstable. 

(ii) If M is displaced a very smill distance along the v axis in Figure 12.1 E the net force is directed opposite to the 
direction of the drsplaccnxnt and therefore the equilibrium is stable. 
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Evaluate: The paint where the net force on A/ is zero is closer Id the smaller mist. 

v 


K-1XI) m - *—H 



H 


K-IXOm-H 

Figure 12.11 

12 .12. IDEVIIIV: The force F exerted by m on M and the force F. exerted by 2m on M arc each given by liq.f 12.21 and 
the net force is the vector sum of these two forces. 

SET UP: Each force k attractive. The forces on .1/ in each region are sketched in Figure 12.12a. Let .1/ he at 
coordinate x on the x*axis. 

EXECUTE: (a) For the net force to he zero. F t and F\ must be in opposite directions and this k the case only for 
0 < x < L . F + F : - 0 then requires fj - F } . 2x* - (L - *)* and L - x - zjlx . v must he lew 

than/..so x--l _^0.414/.. 

I+J2 

(b) For x < 0, F, > 0. F\-+ 0» x -> -x and F a -+ -Ho as x -> 0 . For x > L % F a < 0. F t -t 0 as x -> « and 
f -t-x as x-+L . For 0 < x < 0.414X , F a < 0 and F a increases from -x to 0 as x goes from 0 to 0.414/.. For 
0.414X < x < L , F t >0 and F a increases from 0 to m as x goes from 0.414 L to /.. The graph of F t versus x is 
sketched in Figure 12.12b. 

EVALUATE: Any real object is nat exactly a point so it is not possible to have both m and .1/ exactly at x - 0 or 
2 nt and M both exactly at v » L . But the magnitud: of the gravitatxxxil force between two objects approaches 
infinity as the objects get very close together. 



k- 1 . -w 

<*} 







(to 

Figure 12.12 
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12 . 13 . 


12 . 14 . 


12 . 15 . 


12 . 16 . 


IDENTIFY: Use Eq.l 12.1) Id find the fcece exerted by each Urge sphere. Add there farcer as vectors to get the net 
force and then use Newton's 2nd Uw to calculate the acceleration. 

SET Up: Ibc forces arc shown in Figure 12.13. 



Figure 12.13 


sin 0 - 0.80 

00X0 - 0.60 

Take the ccigin of coordinate at 
point P. 


execute: r-o^-of 0 - 6 ^ 0010 ^,■ 735.10' n 
4 r < 0.100 ml 




735x10 " X 


F At - -F t sin 0 « -(1 .735 x 10 “ XX0.S0)--1.39x10 " N 
F At --f J cox0--t<l.735x|O''“NH0.60)-+ 1.04x10 11 N 
s«*i0a+ 1.39x10 ‘N 
a+/ r fr cos0«-fl.O4xI0"' 1 N 
y F - «iii ( giver F gt t 
0-wd so a -0 
£F, - nui, giver F+ 

2(1.04x10 “ N)a(0.010kg>i, 

17. - 2.1 x |0 # m/s*. directed downward midway between A and B 

EVALUATE: Fee ordinary mzc objects the gravitatKinal force is very small. so the initial acceleration is very 
small By symmetry there is no xoocnponenl of net force and the y-componcnt xs in the dirceticei of the two large 
spheres, since they attract the small sphere. 

Identify: Apply E«*< 12.4) to Phito. 

SET UP: Pluto has mass nr = 1.5 x 10“ kg and radius /? - 1 15 x 10* m. 


Execute: Equation (12.4) gives g 


6.763x10 ' N mVki!*)| 1.5x10“kg) 

- — -1-0.757 m i a 

(l.lSx 10 * m) 


Evaluate: g at the surface of Pluto is much less than g at the surface of Earth. Eq.( 12.4) applies to any 
spherically symmetric object. 

IDENTIFY : F u - C -- . so a g - ft—4-, where /* is the distance of the object from the center of the earth. 

SET UP: r - h +. where h is the distance of the object above the surface of the earth and - 6.38 x 10* m is 

the radius of the earth. 

Execute: To decrease the acceleration du: to gravity by one-tenth, the distance fnwn the center of the earth 
must he increased by a factor of ^To. and so the distance above the surface of the earth is 
(Vi0-l)/f, =1.38x10’ tn. 

Evaluate: This bright is about twice the radrus of the earth. 

IDENTIFY: Apply Eq.< 12.4) to the earth and to Venus, w - mg . 

SETUP: y = = 9.80m'*'. m, ^ OKI 5m, and % -0949% . », = mg, -75.0N. 

A 


Execute: (u> g. - 


I.-"! 




it: (0.949* i 


(b) MV. - rag, = 0.905m?, = (0.905H75.0 N) - 67.9 N . 
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12 . 17 . 


12 . 18 . 


12 . 19 . 


12 . 20 . 


12 . 21 . 


EVALUATE: The mass of the rock is independent of its location hut its weight equals the gravitational force on it 
uk! that depends cm its location. 

(a) IDENTIFY and SET Ur: Apply liq.f 12.4) to the earth and to Titanu The acceleration doe to gravity at the 
surface of Titania is given by g t - Gm t /R ;. when: m, is its mass and R t rs its radius. 

For the earth, g - Cm R*. 


EXECUTE: For Titania. m - m, I ;00 and Rr - R t 8. so g* - 


Gm C(<w.iT7C0) ( 64 \G »i 


= 0.0377g,. 


’ VUW 11700/ Ri 

Since g L = 9.K0 mu', fi| - (0.05?7)9.SO mi’) = 0.J7 ml'. 

EVALUATE: g on Titania rs much smaller than on earth. The smaller mss reduces g and is a greater effect than 
the smaller radius, which increases g. 

(b) Idem in and SET UP: Use density - mass/volume. Assume Titania rs a sphere. 

Execute: From Section 12.2 we know that th: average density of the earth is 5500 kgm\ For Titania 

p t - -" vlT0> — fX _ -ill-(5500 kg m*) = 1700 k&W 

" 4>r/f; 1700*' 1700 

EVALUATE: The average density of Titania is about a factor of .1 smaller thin fee earth. We can wntc Fq<12.4| 

for Titania as g t ~y*GR i p l . g t <g u both because />, < p k and /?, < R>. 

iDiMin: Apply I5q.< 12.4) to Rhea 

SET Up: p - mfV . The volume of a sphere is V = . 

EXECUTE: M _ 2.44x10*' kg and />---1.30x10' kgm'. 

G (4r/3)/r 

Evaluate: The average density of Rh:a is about one fourth that of the earth. 

IDENTIFY: Apply Iiq.< 1 2.2) to the astronaut. 

SETUP: m k -5.97xl0 J< kg and R k -6.38x10* m. 


EXECUTE: F - G^^~ . r - 6CO X 10* m + R^ JO F - 610 N . At the surface of the earth, vc - mg - 735 N. The 

gravity force is not zero in orbit. The satellite and the astronaut have the same accelcratxm so th: astronaut's 
apparent weight is zero. 

Evaluate: In liq.f 12.2), r is the distance of the ob>cci from the center of the earth 


IDENTIFY: g. - C*jr. where the subscript n refers to tlie neutron star, w - mg . 
SET Up: /f - 10.0x10'm . m -1.99x10"'kg . Your mix* is - 675 N 


g 9.80 ml' 


6S.9 kg. 


EXECUTE: g. -<6.673x10 " N• m*.'kg ! I. 1.33x10'*' mi* 

* < 10 . 0 . 10 ' m>* 

Your weight on the neutron star would be w; = mg. - <68.9 kgXl.33x 10*' m s J ) - 9 16 x 10“ N . 

EVALUATE: Since R is much less than the radius of the sun. the gravitational force exerted by the neutron star 
cm an ctojcct at its surface is immense. 

Identity and SET Up: Use the nxasured gravitational force to calculate the gravitational constant G> using 
F.q.< 12.1). Then use Eq.f 124) to calculate the mass of the earth 

Execute: f ,o c,*_-^l _.<*<”* 10 " x^oq^ ,ur-N-dy. 

■ r* mm : <0.400 kg>(3.<Xlxl0 ' kgi 

Gm. R:g (6.38x10* m)’(9.80 enB 

g -- give* m. -—-5.98x10 kg. 

R, ‘ G 6.667x10 " N m*Ag- 

EVALUATE: (>ur result agrees with th: value given in Appendix F. 

IDENTITY: Use liq.f 12.4) to calculate g for Furopa. Th: acceleration of a particle moving m a circular path is 
- rru*. 

SET UP: In a. - rev' . must be in rads. Fee liuropa. R - 1.510x10* m. 


12 . 22 . 
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12.23. 


12.24. 


12.25. 


12.26. 


_ Gm (6.67x10"" N-m : .'ltg i K4.8xlO : * kg) _ _ tl 

Execute: # - —,---— -1.30 m V. g -*.* ives 

fl- (I.S69.10*m v * 


?0mV <0.553 rW “ 


“LYiS-W 

I inin A 2jt rad / 


2K ipm 


4.25 m \ i min 

EVALUATE: The radius of Luropa it about one-fourth that of the earth and its maw is about one-hundredth that of 
earth, so#on Lurvpa is much less than# on earth. Tlx lander would have some spatial extent so different points 
on it would be dift'erent distances from the rotation axw arxl would have different values. Foe the owe 
colcuhted a ^ - # at a point that e< precisely 4.25 m from the rotation axis 


IDENTIFY and SET L’P: I:\amplc 12.5 give* the escape .speed as v - *J2G.WR . where 3/ and R ore the mass and 
radius of the astronomical object. 

Execute: v, = ^2(6.673x10 " N m’kg*|(3.6xl0- kgl'700 m - 0.83 mi. 

Evaluate: At thrs speed a person can walk 100 m in 120 s; easily achieved for the average person. We can 
write the escape speed as v - ^LxpGR'. where p is the average density of Dactyl. Its radius is much smaller 
than earth's arxl it* density i* about the sanx. so the escap: speed is much lest on Dactyl than on earth. 

I DIN I1IY: In part (a) use the expression for the escape speed that i* derived in Ilxample 12.5. In pari lb) apply 
conservation of energy. 

SET Up: R - 4.5 X10* m In part <b) let point 1 be at the surface of the comet. 

2GM Rv' <4.5x10* mXl Oms)* 

2G~ 2(6.67x10'" N m*Mg : » 

(h)(i1 AT, K) - 0.100A',. 6', - -—i-i; 6\ - -——. A', -t6 f , - A, +6\ gives 

R r 

if*.- - — - (0.1 CK»H4«*|,- > - — - Solving for r giv„ 

R r 

I I 0.450if I 0.450(10 mi) 1 

7 1 CM ~ 4.5x10'm (6.67-10 " N nr.'kg'W3.37x 10" kg) 
loses all of its initial kinetic energy, but K-. —>0 as r —t x>. The farther the debrrs are frotn the comet'* center the 
smaller i* their kinetic energy. 

EVALUATE: The debris will have lost 90.0% of their initial kmctic energy when they are at a distance from the 
conxt's center of atom ten txnxs the radius of the comet. 


Execute: <u> The escape speed i* v - 


=-.3.37x10" kg. 


and r - 45 km . lii) The debris never 


I din i tl Y: The escape speed, from the results of Example 12.5. is 'JlGMR. 

SETUP: For Man. M - 6.42 * 10" kg ami R - 3.40-1 «' m. For Jupiter. M = 1.90x10 1 ’ kg and 
ff-6.9l«IO : m. 

EXECUTE: (ut r = ^2(6.673-10 1 N m'.kg 1 X6.42-10’' kgV(3.40« 10" m) = S.02xl0'm*. 

(b)v - ^2(6.673x10 " \ m : kg'(l.90<10 ; kgl'(6.91xl0 m> - 6.06-I0 4 ml 

(O Both the kinetic energy and the gravitational potential energy arc proportional to tlx truss of the spacecraft. 
Evaluate: Example 12.5 calculates the escape speed for earth to be 1.12 x 10* m s . This is larger than our 
result for Mars arxl less than our result foe Jupiter. 


iDIN I1IY: The kinetic energy is K - imr* and the potential energy is V - - 

r 

Set L’P: The mis* of the earth is A/, - 5.97 x 10* kg . 

Execute: <u) A' ^4(629 kg K3.33 x 10* mi) 1 = 3.49*10* J 
r .„_ (6,673-10 " N m' kg'»5.9~ - 10' kg<629 kg) ^ , 

r 2.87x10* m 

Evaluate: The total energy K + U i* positive. 


GA(m 
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12.27. 


12.28. 


12.29. 


12 JO. 


IDENTIFY: Apply Newton’s 2nd law to the motion of the satellite and obtain and equation that relate* the orhatal 
speed v to the orbital radius r. 

SET UP: The distance* are shown in Figure 12.27a. 


© 


The radius of the orbit is r - h-t R t . 

r - T.SQxiQ*m 1 6.38x10 6 m = 7.l6xl<I* n. 


Figure 12.27u 

The free-body diagram for th: satellite is given in Figure 12.27b. 

(a) EXICLTE: -ma r 


51 


F ^ 


mm 


i - 


Bl 


Figure 12.27b 


fN ! 


m 


6673x10 ‘ N m .'kg' M5.97xl0 kgi 


7.46x10' tn's 


7.l6xlty m 

-%<1 . 2tt 2,r(7.16x10' ml __ n t _ itt 

(b) T- -=---6030 * - 1.68 h. 

v 7.46x10 ms 

Evaluate: Note that r-h + R k is the radius of the orbit, measured from the center of the earth For this 
satellite r is greater thin for th: satellite in Example 12.6. so its orbital sj>^ is less. 

I DEN I1FY: The time to complete one orbit is the period T. given by EqX 12.12). The speed v of the satellite is 
2 xr 

civcn by v-. 


SET Up: If h is the height of the orbit above the earth’s surface, the radius of the orbot is r - ft - R> . 
=6.38x10’ maid «, = 5.97x10** kg . 

2 xr“ 2.t< 7.05x10’ m«6J8xlO* m)' ’ 


tneure: (ill I - 


sjom, J(6.67*10 1 N m ; .V,gl(5 97-10 ' kg> 


- 5.91 > 10' ' - 99.(1 min 


2*(7.0Sx|0 1 mr 6.38x10’ in) _ 

(ID v-. 7.49x 10 mi - 7.49 km* 

5.94x10 * 

EVALUATE: The satellite in Example 12.6 k at a lower altitude and therefore has a smaller orbit radius than the 
satellite m this problem. Therefore, the satellite in this problem has a larger period and a smaller orbital speed. But 
a large percentage change in h corresponds to a small percentage change in r and the values of T and v for the two 
satellites do not differ very much 

IDENTIFY : Apply V /•* - ma to the motion of the earth around the sun. 

SETUP: Forlhccarth. r = 36S.3day» =3.156x10’ * and r = I.S0xl0" im T-Z-L. 

V 

2 t r 2 ,r(l J 0 x |0 " m) V* 

EXECUTE: I --- ; 2.99 X10 s. F. - uul* goes (r -in. — 

T 3.156x10 s 1 6 /' ‘/ 

vV (2.99x10" *)'<1.50xl0“ ml t .. t 

ik. -2.01x10 kg 

G 6.673x10 11 N • m* .kg 

Evaluate: Appendix F gives m* - 1.99x 10 1 kg. in good agrccrrcnt with our calculation. 

IDEMIIFY: Wc can calculate the orbital period T from the number of revolutions per day. Then the pcriixl and the 
orbot radius are related by l:q.( 12 . 12 ). 

SET Up: W t - 5.97 X 10 : * kg and R i - 6.38 x 10'm . The height h of th: orbit above the surface of the earth is 
related to the orbit radius / by r-h + R I day - 8.64 xIO" s . 
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12.31. 


12.32. 


12.33. 


12.34. 


12.35. 


EXECUTE: The satellite moves 15.65 revolutions in 8.64 x 10* s . so the time for 1.00 revolution is 

r | 6 4 »I0 , 1. 5 5 2>[ » 0 , , r- 2 * 1 *'* 

15.65 

Gm t r : 

4.7*’ 


wl.J , 


I 1 '" 


57x10 " N m'kg')|5.97x 10" kg)[5.52xIO*a] J 

77 


L * 


r -6.75xl0‘ mand 


k^r-Rt - 3.7x10'm -370 km . 

EVALUATE: The period of this satellite is slightly larger than the period for the satellite in Example 12.6 and the 
altitude of this satellite is therefore somew hat greater. 

iDEvnrv: Apply Y l - ma 10 th: nxiixm of the baictnll v - ^ 7 - 
SEI UP: r.. =6xl0‘ m . 


_ _ ■ *1 \ ° m " - l < 6, > 7i - 1 " N m kg' »2 Ox ill 1 kg) 


U ' 


EXECUTE: (at F - rna^ give* .. -- . - -,-—— 

r ft r & ^ /;, V 6 x |0 m 

4.7 m*'s - 11 mph . which is easy to achieve. 

(b) T - —— m> - 8020 s - 134 min The game would Iasi a lone time, 

v 4.7 m's 

Evaluate: The speed v is relative to the center of Deimos. The baseball would already have some speed before 
we throw it. because of the rotational motion of Deimas. 

2zr 

Identify: T -and F t « ma l- . 

SET L’P: The sun has maw m 4 - 1.99x10" kg . The radius of Mercury's orbit is 5.79x 10" in . so the radius of 
Vulcan's orbit is 3.86XIO* 1 m . 

v m , Gm 

Execute: F - ma tmX gives G —-m— and r - 

r‘ r r 


Z.Tr 


»i 


2^(3.86x 10*’ m)‘ 4 


T-2.rr i ---- - 4.13x lu a-47.8 day* 

G/n A JGm i J(6.673x 10 11 N m*.kg*X 1.99x10" kg) 


EVALUATE: 1 he orbital period ot Mercury is 88.0 d. so we could calculate / for V ulcan as 
F = <88.0d)(2/3) i4 =47.9 day* . 

IDENTIFY : Hie orbital speed is given by v = jGmfr . vvbrrc m is the mass of the star. The orbital periixl is given 

SET UP: The sun has maw m, = 1.99x 10" kg . The orbit radius of the earth is 1.50x10* m 
Execute: (b> v= jGw’r. 

>• = ^6.673x10 11 N m*Vkg : #0.85x1.99x10" kgV« 1.50x10" m*0.11)) =827x |0 4 ms. 

(b) Ixrix = 1.25x |C* s - 14.5 day* (about two weeks). 

EVALUATE: The orbital period is less than the 88 day orbital period of Mercury; this planet is orbiting very* close 
to its star. con$>arcd to the orbital rrxlius of Mercury. 

Identify: The period of each satellite is uxvcn by l:q \ 12.12) Set up a ratio involving T and r. 


S»:r I p: T - 


■1.7/' 




7^7 


nves 


1.2 


2.t r 

= constant. so 

;; 


iGm, 


Execute: T-T -(6.39da>*) 


48.000 km 
19.600 km 


I 3 


24.5 da\* . For the otbeT satellite. 




600 km 


IT 


37.7 days - 


Evaluate: T increases when r increases. 

Identify: In part (b) apply the results from part (a). 

SEE L’P: For Pluto, e - 0.24S and a - 5.92 x 10 ,J m . For Neptune, r - 0.010 and a - 4.50x I0 1 * m. The orbital 
period for Pluto is T * 247.9 y. 
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Execute: <u) The result follows directly from Figure 12.19 xn the textbook. 

(to) The closest distance fc»r Pluto is (I-0.248X5.92 x10 ,3 m) - 4.45* |0 *m The greatest distance for Neptune is 
(1 + 0.010)(4.50x |0 : m) ^ ASS xW'm . 

(c> The time is the orbital period of Pluto. T - 24S y . 

Evaluate: Pluto’s closest distance calculated in part <a) is O.lOx I0 IJ m - I Ox10* km . so Pluto is about 
100 millxm km closer to the sun than Neptune, as is stated in the problem. The eccentricity of Neptune's orbit is 
small, so its distance from the sun is approximately constant. 








12.30. IDEMltY: 7 ■ . where m. is the mass ot the star, v-. 

4°*'.* r 

SET UP: 3.09 days - 2.67 x 10's . The orbit radius of Mercury is 5.79 x 10” m The mass of our 


nin u 


1.99x10* kg. 

Execute: <u> 7*-2.67x10*s. r = <5.79 x 10” m>9- 643x10* m . T - 


2.Tr 


• 2 


fives 


4,tV 


IT? — 


4;r*(6.43x 10* m) 1 


- 221 x 10 * ku . ^= 1 . 11 .so - 1.1 lm . 


T O (2.67xl0 s»'i6.67x|0 ” N m .kg*) 

M 2 xr 2^(6.43x|0 v m> . Cl IA * , 

<b> v--1.51x10 m s 

r 2.67 x10 s 

Evaluate: The orbital period of Mercury is 88.0 d. The period for this planet is much less primarily because the 
orbit radius is much less and also because the mass of the star is greater than the mass of our sun. 

12.37. <a) IDENTIFY: If the orbit is circular. Newton’s 2nd law requires a particular relation between its orbit radius and 
orfotal speed. 

SET L’P: The grav itational force exedrted on th: spacecraft by the sun is r - Gm.mjr *. where is the mass 
of the sun and m u is the mass of the Helios D spacecraft. 

For a circular orbit, a - i ,3 /r and y F - If wc neglect all forces on the spacecraft except for the fcccc 

exerted by the sun. /’ -^f 7 - /w„vVr. so Cm^mjr 1 - m u v 3 fr 

Execute: v - ,/Gnyr - ,/<6.673*il> " N m'‘lg : HI .99 • 10" kg)'43»IO* m - S.6x|0* m't - 56 knv* 
EVALUATE: The actual speed is 71 kms. so the orbit cannot be circular. 

(b) I DEV tin and SET UP: The orbit is a circle oc an ellipse if it is closed, a parabola or hyperbola if open. The 
orbit is closed if the total energy (kinetic + potential! is negative, so that the object cannot reach r —> x. 

Execute: For 1 lelios B. 

K - i■»„!'*' - im„(71x10* mil 1 -(2.52» lO'mVu'joi,, 

J/ = -Cnvn„/r = Di„H6.673xlO 1 N-m , *g ; K1.99xlO*’ kg)'(43x 10' m)>--<3.C»* 10' m > V)m H 
E = K rU = (252*10“ mVK -(3.09x10* - -(5.7*10* mVlm,, 

Evaluate: The total energy E is ixgativc. so tlie orbit is closed. We know from part (a| that it is not circular, so 
it must be elliptical. 

12.38. iDEMltY: Section 12.6 states that for a point mass outside a spherical shell the gravitatioral force is the same as 
if all the mass of the shell were conrcntratcd at its center. It also states that for a point inside a spherical shell the 
force ix zero. 

SET L’P: For r - 5.01 m the point mass is outside the shell are! fee /• - 4.99 m and r - 2.12 m the poant mass is 

inside the shell. 


Execute: <■) (i) F .= 


f/ltl./W. 


(6.67*10 ll N m'V) (l<l ° 00ksl<2 0qfcg> 5.31*10'* N. Hi) F *0.(iii) 

(5.01 m)‘ 


E t = 0 . 

(b) For r < 5.00 m the force is zero and for r > 5.00 m the force is proportional to I/r*. The graph of F v versus r 
is sketched in Figure 12.38. 
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EVALUATE: Inside the shell the gravitational potential energy is constant and the force on a point mass inside the 
shell is 



12.39. iDt.Min: Section 12.6 .states that for a point mass outside a uniform sphere the gravitational force is the same as 
if all the mass of the sphere were concentrated at its center. It also gates thit fee a point mass a distance r from the 
center of a uniform sphere, where r is less than the radius of the sphere, the gravitational force on the point mass is 
the same as though we removed all th: mass at points farther than r from the center and concentrated all the 
remaining mass at the center. 

SET L’P: The density of the sphere is p - -—. where M is the mass of the sphere arxl R is its radius. The mass 

—r R 


inside a v olunx of radius r < R is 


M, - /*' - t If*/ ) = .L/j L . r - 5.01 m is outside the sphere and 


r = 2.50 m is inside the sphere. 

Execute: (i)|i| 667.10 " N m ! .kg ; ■■ .-5.31x10* N. 

r (5.01 m)‘ 

s,■. «■. «(!)■ -<.««. -»-. 

/; =(6.67x 10 “ K»m*>fcg 3 / l25kgK2,<X>kg> 2.67x 10 v N. 


GM(rtR\ 


(2.50 m) 

(b) fj-I ——— / for r < R and F u - —— for r > R . The graph of /’ versus r is sketched in 

Figure 12.39. 

Evaluate: At points outside the sphere the force on a point mass is the same as for a shell of the same mass and 
radius. For r < R the force is different in the two cases of uniform sphere versus hollow shell. 



12.40. iDIXiitY: The gravitational potential energy of a point of point masses is U = -C-- . Divide th: rod into 

r 

infinitesimal pieces and integrate to tirxl U. 

SET L ! P: Divide the nxl into differential masses dui at position /. n>rasured from the right end of the rod. 
dm = dl(ML). 

Execute: MU— Cmdm <MI 


ri L i-t x 


Integrating. U - <f | .. 1 - - -f. lnj I r L. . For x » L . the natural logarithm is . and 


U -t -GmMx. 
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% r _ . r , . . _ fiV GmM (-Ltx 3 ) GmM 

(d) The x -component <»f the gravitatxmal fence an the inhere is /•. - ---- --. with 

the minus sign indicating an attractive force. As x » L . the denominator in the above expression approaches x* . 
and —* -GmMtx ?. as expected. 

EVALUATE: When v is much larger than L the rod can be treated as a point mass, and our results for U and F t do 
reduce to the correct expression when x » L . 

12.41. IDEYT1FY: Find the potential due to a small segment of the nng and integrate over the entire ring to find the 
total V. 

(a) SEr Up: 


Divide the nng up into small 
>egnxnts dM . as indicated in 
figure 12.41. 



Figure 12.41 

Execute: The gravitational potential energy of dM and n is dU - -GmdM.r. 

The total gravitational potential energy of the nng and particle is U - jdU - -GmjdM>r. 

But r - \Jx 't a is the sanv for all segments of the ring, so 

Cm e GmM GmM 

U = - -ldA/= -=- -:■■ ■ - 

r 3 r >Jx' +a : 

<b) Evaluate: When x »a . V-r J + a 3 -> Jx 3 - x and V - -GmMfx. This is tb: gravitational potential 
energy of two point mnKtcs separated by a distance x. This is the expected result. 

<c> IDENTIFY and SET UP: Use F t - -dUfdx with U(x) from part (a) to calculate F t . 

.. dV d ( GmM 

Js AI 7J777 

t\ - *GmM—(x‘ a’) VJ - GwA/|-i(2»»«' -» 
dx 2 

F t - -GmMxifx 3 the minus sign means the force is attractive. 

Evaluate: (d) l or X » a % <x J + a *) P * -> < x 3 j * - x * 

Then F t - —GmMxfx* - -GmM'x'. This is the force between two point masses separated by a distance r and is the 
expected result. 

(e) For x - 0. V - —GStmia. Each small scgnxnt of the ring is tb: same distance from the center are! the potential 
is the same as that due to a paint charge of mass . 1 / located at a distance a. 

For x - 0. /* - 0. When the particle is at the center of the ring, symmetrically placed segments of the nng exert 

equal and opposite forces and tbe total force exerted by the nng is zero. 

> 

12.42. Identify: At the equator tbe object has inward acceV^aiion — and the reading w of the balance is related to the 


true weight ir, (the era*, national force exerted bv the earthl bv >»;. — w --. At the North Pole, a . -0 and 


si:r UP: As shown in Section 12.7. i - 465 m s . - 6.3Sx 10" m 

Execute: -875 N and m - — - K9.29 kit. ^ w- - — -875 N -(89.29 kit "‘ -872 N 

g 638x11/ m 

EVALUATE: The rotation of the earth causes the scale reading to be slightly levs than the true weight, since there 
must he a net inward force on tb: object. 

12.43. IDFM1FY and SET UP: Ate tbe north pole. F t - w 0 - mg^ where g, is given by Eq.f 12.4) applied to Neptune. 
At the equator, the apparent weight is given by FqX 12-28). Tb: orbital speed \ is obtained from the rotational 
period using Eq.f 12.12). 
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12.44. 


12.45. 


12.46. 


12.47. 


Execute: <u> g v ^GmtR 1 = <6.673x10 N*m 1 >kg 2 )(l.0xl0 to kg«2.5xl0’ m) ! =10.7 mb 1 . This agrees with 
tlic value of g given in the problem. 

F - w, - mg c = <5.0 kgX 10.7 m's 3 ) - 53 N; this is the true weight of the object. 

(b) From Eiq.f 23.28). w - u* - m v'.'/f 


r Ixr 2 xr 2 .e| 2 .SxlO ml IA ; . 

f-gives v-- 2.>21 x 10 m/s 

v r <16 hX36(X) x'l h| 


\*:R - (2.727x10* s) : /2.5x!0 ? m-0.297 mV 
Then iv = 53 N -<5.0 kgKO.297 m'f) = 52 N. 

EVALUATE: The apparent weight is less than the tme wciuht. This effect is larger on Neptune than on earth. 


IDI-VHJT: The railaus of a black hole and its mass are related by R - 


2(M 


Sir t'P: R % -0.50* 10 " m. (,'-667-10 1 Nm'/kg' and c^OOkIO* mi. 

Execute: ,w _£*._ «*»>* w' aM , |)( , 

2 G 216.67x10 ‘ N m kg*) 

Evaluate: The average density of the black hole would be 


\{ 


3.4x10'' kg. 


2GM 


,f - 6.49x |0 kc m ’ We can combine f> - ——and R % - ■ ■ ■■ - to give 


p “ 4^F “ ^0.50x10- ml*... . .' ■ ‘ s ‘“7 


3c v 


- The average density of a black hole increases wbm its mass decreases. Th: average density 


of this mini black hole is much greater than the average density of the murh more massive black bok: in 
Example 12.11. 

iDK.vim and SET L’P: A black hole with the earth s mass A/ has the Schwarucfaikd radius R % given by 
Fq.( 1230). 

Execute: R\ - 2 GM'c 2 -2(6.673x10 ‘ N m*/kg*X5.97x 10* kgF(2.998x 10* m s)* % = 8.865x 10 4 m 
The ratio of R to the current radius R is RJR - 8.865 x 10 * m 6.38 x 10* m - 1.39 x 10 \ 

Evaluate: A bl>:k bale with the earth’s radius is very small. 

IDENTIFY: Apply Eq.< 12.1) to calculate ibe gravitational force. For a Mack bole, the mass Xi and Schwarzschild 
radius are related by liq.< 12.30). 

SET UP: The speed of light is c - 3.00 x 10* m's . 

_ , OMm (^•'2) me 1 * 

(500kg)(3.00*lO m'i/|l.4xl0 : ml 

|b) -- . 350 N. 

2(5.00*10' m) 

Re 1 (14.00*10 ‘ m) (3.00*10’m'*)' 


Hr 


EVALUATE: Thu mass of the black liolc is about twice the mass ctf the earth 


axi 


IDENTIFY: The orbital speed tor an object a distance r from an objret ot trass .1/ is i =-. The mass Ax of a 

r 

black hole and its Schwar/schild radius are related by L : q.( 12.30). 

SETUP: c = 3.00x10" nVs. 1 ly -9.461 xlO 1 m. 

Execute: <u) 

Kv* (7.5 ly 1(9.461x10^ mlv)| 200x10 l m.s)‘ 

Mm —ml - LI -—^11- 7 -L = 4.3x10" kg■ 2.lx 10 

G (6.673x10 - N m kg ) 6 ‘ 

(b) No. the object has a miss very much greater than 50 solar masses. 

(c) R„ - - L-L _ 632 x 10" m winch does fit. 

c c 

Evaluate: The Schwarzschild radius of a black hole is approximately the sanx as the radius of Mercury’s orbrt 
around the sun. 
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12.48. 


12.49. 


12.50. 


2jtk 

IDENTIFY: The clump* orbit the block hole. THeir speed, orbit radius and orbital period ore related by v --— 

Their ixbit radius ond period are related to th: nut .1/ of the block hole by 7 - — The radius of the black 


rtf 


hole's event boh/on is related to the mass of the black hole by R. — 


KiM 


SIT Up: v* 3.00x 10* ms. T ^ 27 h ^9.72x10* %. c = 3.00x10* ms. 

_ , , vT (3.00* I0 : m r sK9.72x 10 4 s) .. 

Execute: <u> r --4 64x 10 ' m 

It 2.7 

1 • w ***** 4^(4.64x10'm) 1 ... _ nM t 

(b> T - - gives St ---6.26x10 kg . 

ykiSi GT (6.67x10 11 N mVk* K9.72xl0 s)* 


.«> it = ™ = :<667 " 11 N ^u. „6^ < „ru. tj92gii|tf) m 
cf (3.00x10 msr 


Tv Alt .\Tl: The black hole has a mass that is about 3x10* solar muses. 

Idi.n IIT^: Use Eq.l 12.1 > to find each gravitational force. Each fcecc is attractive. In part (b) apply conservation 
of energy. 

Sir UP: Fora pair of masses ui and nt. with separation r, 6* - -(». . 


EXECUTE: (u> from symmetry, the net gravitational force will be in the direction 45^ fn>m the v-a.\is (bisecting, 
the v and y axes), with migiutudc 

F = (6.673x10 •'N.n,»*B*KW»IS0kg, ' ***> 

B * <210.50 ml' 

(b) Tlie initial displocemcnt is so large that the initial potential may he taken to be zero. From the work-energy 

. Canceling the factor of m ond solving for v, and using the 


2-- un 45*1-967x10 N 

i <0.50 mf 


theorem. i^-Cbf 

2 [yJ2 (0.50m) (0.50 m)J 

numerical values gives v- 3.02x10 m's. 

EVALUATE: The result in port lb) is independent of the moss of the pirticle. It would take the particle a long tinv 
to reach point P. 

IDENTIFY: Use Eq.( 12.1) to calculate each gravitational force and add the forces as vectors. 

(a) SET UP: The locations of the masses an: sketched in figure 12.50a. 




w 5.00 m 


”, 4.00* 

Figure 12.50a 


Section 12.6 proves that any two spherically 
symmetric masses interact as though they 
were point masses with all the mass 
concentrated at their centers. 


The force diagram for m, is given in Figure 12.5<)b 

J. 



sintf - 0 . 6(10 


Execute: j“ N ^■o», ! ).c.5Q. ^,, s N 

r;, (4.00 mf 

F 10 ' N m-'ikg- XSO.O IcgHO-SOO kg) , 

1 (5.00 mr 


068 x 10 "X 


=-1.251-10 


N. =0 
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12.51. 


12.52. 


F u = -F } cciiO - -(1.068 x 10 ,u NM0.S00> - -S.S44 x 10'“ X 
F i% = *J\nn0=+(l.O68x|O ” N)<0.600>- t6.40Sx|0 " N 
F t = +F u = -1251x10 " N -8.544x10 11 N = -2.105x10 " N 


F =F t +F it - Or 6.408x 10 11 N - *-6.40Sx 10 " N 



Fand its components arc sketched in Figure 12.50c. 

r.JFTT 7 : 

F - Jc-llOSxlO*' 1 N)* + (-t6.408 x 10'“ X)* 


F = 2.20x10 " N 

F -t6408x10 11 X 

lan0- — - - 

F -2.105x10 \ 


Figure I2.5(k 


Evaluate: Both spheres attract the third sphere and the net force is in the second quadrant. 

(b) SET UP: For the net force to be zero the forces from the two spheres must be equal in magnitude and opposite 
in direction. For the forces on it to be opposite in direction the third sphere must be on the y*axis and between the 
other two spheres. The fccces on the third sphere arc shown in Figure 12.50d. 


V 



Ftgnrr 12.50d 

JSSSy - ^600(3.00 m - > ) 

(^SaO.JftOOiv-(3.(10 and . 1 - 1.39m 

Thus the sphere would hate to be placed at the poant x = 0. y - 1.39 m 

Evaluate: Fee th: forces to have the same magnitude the third sphere must be closer to the sphere that has 
smaller mass. 

iDEVIltY: r - Fr sin#. The net torque is the sum of the torques due to each force. 

SET UP: From Fxample 12.3. using Newton's third law. the fceccs of the small star on each large star are 

/; -6.67x10*' N and F : = 1.33x10* N . Let counterclockw ise torques he positive. 

EXECUTE: <u> The direction from the origin to the point midway between th: two large stars is 

in,an<iLI2|LSL) _ 26.6°. which is rxit the an«lc 114.6*) found in the example. 

0.200 m 

< l>> The common lever arm is 0.100 nv and the force on the upper mass is at an angle of 

45° from the V^craim. The net torque is r = +/ r l (l.00x \(t* m)sin45°-f\(l.00x 10* m)--8.58x10” X m, 

with the minus sign indicating a clcxkwisc torque. 

EVALUATE: (c) There can be rei net torque due to gravitational fields with respect to the center of gravity, and so 
the center of gravity m this case is not at the center of mass. For the center of gravity to he the sanx: point as the 
center of mass, the gravity fccce on each mass must be proportional lo the mass, with the same constant of 
proportionality, and that is not the case here. 

iDEMltY: The gravity force for each pair of objects is given by Lq.f 12 I). The wock done is IF - -AL r . 

SET Up: The simplex! way to apprcuch this problem is to find the force between the spacecraft and the center of 
mast of the earth-moon system, which is 4.67 x 10'm from the center of the earth. The distance from the 
spacecraft to the center of mass of the earth-moon system is 3.82 x It)* m (Figure 12.52k «i t - 5.97 x It) 14 kg . 
m u =7.35x10** kg. 
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Execute: <u> Using Ihc Law of Gravitation, the force on the spacecraft is 3.4 N. an angle of 0.6 T from the 
earth-spacecraft line. 

(b) U - -6 - U 3 - 0 ami r, - 3.84 x 10 " m for the spacecraft ami the earth, ami the spacecraft ami the mood. 
r 

W -C/,-6* * + <*iSL- - : ; ^ 7 - : - N ,,V V ' - HilZl^ 10 •' 1:51 k ?> IK = -1.31x10* I. 

r, 3.84x10* m 





12.53. Idlyiify: Apply conservation of energy ami conscrvatitxi of linear nxtmcntum to the motion of the two spikes. 
SET UP: Denote the 25-kg sphere by a subscript l ami the 100-kg sphere by a subscript 2. 

Execute: (a) Linear momentum is conserved bccau.sc vve are ignoring all other forces, that is* the net external 
force on the system is zero, lienee. m,v - /n>v\ 

<b) From the work*cncrgy theorem in the form K +U - K, -tL\ . with the imtul kinetic energy K - 0 and 


U = -G 


the ccmscrvation of momentum relation m,v. - nr.vv to 


• Cm.srj 1-1 ^ 1( m,\ J -f m»vj ) Using 

eliminate in favor of v, and simplifying yields i*--- — L with a similar expression fee v\ . 

m,+m 3 r ( r t J 

Substitution of nunvrical values gives i ( = l.63x 10 ' m's. » a - 4.08 x 10 A m s. The magnitude of the relative 
velocity is the sum of the speeds. 2.01 x 10 ' m s. 

(c> The distance th: centers of the spheres travel | .r and x ) is proportional to their acceleration, arel 


12.54. 


-— — - . or r - 4.r : . When the spheres finally make contact, their centers will he a distance of 

2 r apart, or v, ♦ x 1 + 2r a40 m or x i ♦ 4r a -f 2r - 40 m Thus. x 2 -8 m-0.4/. and v, -32 m -1.6r. The paint of 
contact of the surfaces is 32 m - 0.6r - 31.9 m from the iiutxal position of the center of the 25.0 kg sphere. 


EVALUATE: The result x x fx 3 - 4 can also be obtained from the conservation of momentum result thit — - --. 


at every point in the motion. 
Identify: Apply Fq.< 12.12k 
SETUP: m k a5.97x10* kg 


Execute: Solving Lq. ( 12.14) for R.R‘ -Gm % ; -1— | 


ff ,(6.673.10- N n.Vkg’XS WxlO" kg) | < 27 5 d *f tdl 


I 

= 5.614x10* m‘ f 


from which r - 3.83x10* m. 

Evaluate: The result we calculated is in very gcxid agreement with the orbit radius given in Appendix F. 
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12.55. 


12.5*. 


12.57. 


12.58. 


IDENTIFY and SET UP: In) To slay above the sanx point on Ihc surface of the earth the orbital period of the 
satellite must equal the orbital pjned of the earth 
7* = 1 d(24 M dX3600 si hi - 8.64x 10* s 

Fti( 12.14| gives the relation between the orbit radius and the period: 


Execute: T - 






r - 


rV 


c "'t 


r’Cm, Y° l <8.64 x 10* »)’(6.67J*I0 " N mWN5.97xlO* kg) 


is'' 


JF 


- 4.23-10’m 


This iv the radius of the orbit: it is related to the height h abov e the earth's surface and the radius R i of the earth 
by rB* + J?t. Thus h-r-R % . =4.23x 10 : m-6.38xl0* m=3.59xlO , m. 

Evaluate: The orbital speed of the geosynchronous satellite is 2xriT - 3080 ms. Tlx altitude is much larger 
ind the speed is much less than for the satellite in Fxarryde 12.6. 

(b) Consider Figure 12.55. 


R 6.38xl0‘m 



— 


0-81.3 


4.23x10 m 


A line from the satellite is tangent to a point on the earth that is at an angle of 81.3* above the equator Tlx sketch 
shows that points at higher latitudes are blocked by the earth from v iewing the satellite 

IDENTIFY: Apply liq.< 12.12| to relate the orbital period T and XI ,, the planet's mass, and then use Eq.( 12.2) 

applied to the planet to calculate the astrvmaut's weight. 

s»:r UP: The radius of the orbit of the lander is 5.75x10'm + 4.80 x 10* m . 

Execute: From Eq.(12.14»» 7 1 and 

.1/ - h——. 4.t : ( 5 75-1(1' mt 480-10* ml 

' GP (6.673xlO N-m /kg X5.8*10 s(* 

or about half the earth's mass. Now wc can find the astronaut's weight on the surface from liq.l I2.2> I The landing 
on the north pole removes any need to account for centripetal acceleration.) 

C,M m. (6.673-10 11 N • m'.kg’)(2.731«10" kg H85.6 kg) 


t» — 


(4.80x10* m 


-677 N 


Evaluate: At the surface of tlx earth the weight of the astronaut w ould he 839 N. 

IDENTIFY: Trom Fxamplc 12.5, tlx escape speed is v - . Use p - MV to write this expression in terms 

of p . 

Set UP: For a sphere V - . 

EXECUTE: In terms of the density p* the ratio MiR is |4*/3 )pR\ and so the escape speed is 
v - 8<r3)( 6.673 -10 " N ■ m Vkg ! ((2500 kg m‘)(150 -10‘ m | =177 m s. 

Evaluate: This k much less than the escape speed for the earth. 11.200 m s. 

I DEN NF^: From Iixamplc 12.5. tlx escape speed is v = ^1 ~'' . Use p - A SV to write this expression in terms 

of p . On earth, the height h you can jump is related to your jump speed by v - ^2gA For part (b). apply Fq.| 12.4) 
to Furopa. 

SET UP: For a sphere V - ±xR‘ 
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12.59. 


12.60. 


Execute: p - Si . ). so the escape speed can be written at v - | “ . liquating tbc two expressions 


for v arxl squaring gives 2^/i- pyGR \ or R' --—. where v - 9.K0 nvs 1 is for the surface of tbc earth, not 

3 4 x pG 

the asteroid. Estimate h - 1 m t variable for different people, of course). R - 3.7 km. Tor Europa, 

GM 4 xpRG 3# 3(133 rafr*) 




r 


, -- = 3.03x10* kg.m 


K* 3 AzRG 4.t(I.57x 10 mM6.673x|0 " N m* kg*| 

EVALUATE: The earth has average density 5500 kg m'. Tlx average density of Europa is about half that of the 
earth but a little larger than tbc av erage density of most avteroods. 

Idemim and SET L’P: Tlx observed perxid allows you to calculate the angular velocity of the satellite relative 
to you. You know* your angular velocity as you rotate with tbc earth, so you can find the angular velocity of tlx 
satellite in a space-fixed reference frame, v - raj gives the orbital sjxed of the satellite are! Newton’s second law- 
re lates this to tbc ixbit radius of the satellite. 

EXECUTE: <u> The satellite is revolving west to cas*. in the sanx direction the earth is rotating. If the angular 
speed of the satellite rs and the angular speed of the earth is c\\ . the angular speed co tA of the satellite relativ e 
to you k <n d 

«.=(! revV’(l2 h) -(-r) revvh 
"fc *<TT>«V* 

- (^1 revVh = 2.18 x 10 * rad s 

Yf -md says G -in¬ 
i' 1 - ill— and with v - rco this gives r = ii-i-: r - 2.03 x 10 m 
r co~ 

This is the radius of the satellite’s orbit. Its bright h above the surface of tbc earth is k = r - R % - l .39 x 10 m 
Evaluate: In part (a) tbc satellite is revolving faster than the earth’s rotation and in part lb) it is revolving 
slower. Slower v and to means larger oebit radius/*. 

(b) Now tbc satellite is revolving opposite to the rotation of the earth. If west to easi is positive, then 

"-M-n) rcvh 

< 1 \ -to^+tOi = (-J-) nv h - -7.27 x 10 ' rad s 
r l = gives r- 4.22x10 m and h -3.59x10 m 

I DEV 111\: Apply the law of gravitation to the astronaut at tbc north pole to caVrulatc tbc mass of planet. Then 
apply y.f - tua to tlx astronaut, with a tmt - ——-. toward the center of tlx plinct. to calculate the period T. 
Apply Eq.il 2.12) to the satellite in ixito to calculate its orbital period. 

SET UP: Get radius of X: *(2.v/?) - 18.850 km and R - 1.20x 10 m . Astronaut mass: 

m ^Sl - w N . -96.2 kit. 

g 9.80 ms* 


EXECUTE! 


- w . where » - 915.0 N . M _ 1915 ^ "»*_ ;3 0 5 .10“kg 

K % Gm (6.67x10 “ N m kg* M96.2 kg) 

Apply Ncwion’s second bw to astronaut on a scale at the equator of X. F 9St - . so 

4z'mR 


F -F 


(b) I*or the satellite 


. 9. 5.0 N -850.0 N = i*' ' 10 "> and T - 2.65 . 10'*; -LL.|, 7. J6 h . 

r r v 3600 %) 

. r, IZZ J. - 4 ^" "■ + *£*± 0 ' I - ft.90» I0‘ ,, 2.47 

V GiJ x y (6.67x10 " N • m‘.kg M2.05 x 10* kg) 


i* Mt; 


EVALUATE: The acceleration of gravity at tlx surface of the planet is g v --—— - 9.51 m s*. similar to the 

value on earth. The radius of the planet is about iwkc that of earth. The planet rotates more rapidly than earth and 
tlx length of a day is about one third what it is on earth. 
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12.61. 


12.62. 


12.63. 


12.64. 


Identify: Use g - .* and follow tbc procedure specified in the problem. 

K 

SETUP: ^ ^6.38xl0‘ m 
EXECUTE: The fraelxxal error is 1 - 


-—- i -JL-tfr r/n</e. i. 

Gmm. (I//L -!/(*, +6)1 Gm. 


Using Eq.(l2.4) forg \be fractional difference is 1 -li^ - -ft . so if the fractional difference is -1% . 

*^<0.01)fl, -6.4* 10* m. 

EvAU' ate: Far h - 1 km. th: fractional error is only 0.016%. Eq.(7J) is very accurate far th: motion of objects 
near the earth's surface. 

IDENTIFY: Use the measurements of the motion of the rock to calculate g vl . the value ofg on Mongo. Tlien use 
this to calculate the mass of Mongo. For the ship. F g - and 7*- 

SET UP: Take v upward When th: stone returns to the ground its velocity is 12.0 m's, downward. g M - G—ii-. 

The radius of Mongo is - -— --- - 3.18 x 10 m . Tbc ship moves in an orb«t of radius 

r = 3.18x 10 1 m + 3.00xl0’ m^hlBxlO 1 m. 

EXECUTE: (■) - +12.0 m s , v r - -12 0 niS , a t - -Tm and / - S.00 s . v, - v # -t at gives 




'',-* 0 , _ - 12.0 m s -120 m s 

t 




and g H -3.tXt m s*. 


^_ l .voa„,- H3l s, 1 " nir_ J5S>|oa 

G 6.673x10 " N m kg* 


(h) F g - ma %u gives G —-iii— and »•“-—. 



lsr l 


2r(6.18x 10 m) ;: 


2 rr i r 

i — - — - 2jzy j—— • ■ . i- ■ i i 

v vCn i M jGm u J(6.673x10 11 N m*kg*X4.55xl0 2 ' kg> 


5.54 x10* s -15.4 h 


7.6 


EVALUATE: - 5.0/fj ana m M - 7.&m t . so g vl - -j— g t - 0.30g, . which agrees with th: value calculated 

in part (a). 

IDENTIFY and SET UP: Use Eq.( 12.2) to calculate the gravity force at each location For the top of Mount Everest 
write r - h-t It and use the fact tbit h « R { to obtain an expression for the difVerenre in th: two fceces. 


EXECUTE: At Sacranxnto. the gravity force on you is FJ - G- -■ 


At the top of Mount Everest, a height 

f \ - a , - c, , —- 

1 («.*)- ff.d-A'fl)- 


m above seal level, the gravity force on you is 




L_L_ll-0.28% 


Evaluate: The change in the gravitational force is very small, so for objects near the surface of the earth it is ; 
good approximation to treat it as a constant. 

Ideviuy : Apply Eq.( 12.9) to the pirticle eaith and part»clc-moon systems. 

SET UP: When the particle is a distance r from the center of the earth it is a distance R ixt -r from the center of 

the moon. 
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12 . 65 . 


12 . 66 . 


12 . 67 . 


EXECUTE: <u) Trie tdal gravitational potential enemy in this inodrl is U - -Ow;- 


'* R UA~ r 

(b) See Excnrece 12.5. TTic point where the net gravitational force vanishes is r - -- ‘ - - 3.46x 10* m. 

1 + 

Using this value for r in the expression in part (a) and the work-energy theorem, including the initial potential 
energy of -Gm(m i SR i +m S*'^* 11.1 km/x. 

(c> Tlie final distance from the earth is not R %t . but the Earth-moon distance minus the radius of the moon, or 
3.823* 10'm. from the work-energy theorem, the rocket impacts the nuxin with a speed of 2.9 km's. 

Evaluate: The spacecraft kis a greater gravitational potential energy at the surface of the moon than a! the 
surface of the earth, so it reaches the surface of the moon with a speed that is less than its launch speed on earth. 
IDENTIFY and SET L’P: Fin* use the radius of the orbit to find the initial orbital speed, from Fq.(l2.10) applied »o 
the moon 

iXICHE: i - yj<Im r and r - +h - I.74.IO* m. 500x10*m = 1.79.10* 

(6.673^Io 11 N m^Vg 1 M7.3S *10” kei 


[ 1 ‘. 


Thus v — 


1.655 k IQ nvs 


1.79*10* m 

After the speed decreases by 20.0 m s it becomes 1.655* I0‘ m’s - 20.0 m's - 1.635x IO'rvs. 

Iden I1FY and SET L'P: Use conservation of energy lo find the speed when the spacecraft reaches the lunar 
surface. 

Ki+Vi + W*. s 

Gravity is the only ftirec that dors work so - 0 and K l = K { +£/, -6\ 

Execute: U x - -Gm^m'r; L\ - -Gm a m: R, 
r -Vr) 

Ami Ibe m»% ui divide* mil lit give r, - ^i,‘ ♦ 2Gm,.(l./?. - IV) 
v, = 1682 x 10 ' nv*(l km 1000 m * 3600*'l h|- 6060 kmTi 

EVALUATE: After the thruster fires the spacecraft is moving too slow ly to be in a stable orbat; the gravitational 
force is larger than w hat is needed to maintain a circular orbit. The spacecraft gains crvrgy as it is accelerated 
toward the surface. 

Iden iipy : g - 0 nvans the apparent weight is zero, so - 9.80 ms*. 

SET Up: The radius of the earth rs - 6.38 * 10" m 


i . T'R 


Execute: T - 2r I— - 507 X 10* s. which is 84 5 mm. or alxiut an hour and a hilf. 

V*- 

EvAU ATE: At the poles, g would still he 9.80 ms : . 

I DEN iify and SET L’P: Apply conservation of energy. Musi use Eq.(12.9) for the gravitational potential energy 
since /i is not small compared to R . 


As indicated in Figure 12.67. 
take point 1 to be wlvre the 
liammer is released and point 2 
to be (ust above the surface of 
the earth, so r t - R x r h and 
r x - R k 



Figure 12.67 

Execute: K x + V x + - K, + L\ m 
Only gravity dees work, so JF 4-t - 0. 

a. - o. A, = >i: 
|/.--C=3L a -£=l. 








Gravitation 12-21 


12 . 68 . 


12.69. 


12.70. 


Thus, -G 


mm k 


.Irnj-ffS 


luff, 2 


.;-26* — 


2Crflf. 




Wl-/t )- 


26’iw. A 




IGm.h 


«L«,+« 


EVALUATE: If A v\ —» ^'26*^ >'/f 4 . which equals the escape speed In this limit this event is the reverse of an 
object being projected upward from the surface with the escape speed. If h <£ R { . then v } - ^IGm^'R^ — ^' 2 g/i. the 
same result if used !:q(7.2) for U. 

IDENTIFY: In orbit the total mechanical energy of the satellite is £ - _^_V_ y _ -C—— . W - £, -£.. 

2^i r 

SET UP: U -> 0 as r->n. 

_Qt 1/ 

Execute: (u) The energy the satellite has as it sits on the surface of th: liarth is £■ - — * ‘ . Th: energy it his 

K 

when it is xn orbit at a radius R » R i is E { - — ^ * * The week reeded to put it in orbit is the difference between 

.he*: »’ = £,-£ 

' 2ff. 

(hi The total energy of the satellite far away from the liarth is /.era. so the additional work needed is 


D- 


-GmU, GmXf 

2ff, ‘ 2ff 


Evaluate: (c) The work needed to pul the satellite into ccbit was the same as the work needed to put the 
satellite from orbit to the edge of the universe. 

Identify: At the escape speed. E - K ♦ V - 0. 

SET UP: At the surface of the earth the satellite is a distance R. - 638x10* m from the center of the earth and 


distaree R - 1.50* 10“ m from the sun. live orbital speed of the earth is 


R 


.where T-3.156x10 s is the 


orbital period The speed of a point on the surface of the earth at an angle £ from the equitor is v - 
when: T - 86,400 s is the rotational period of the earth. 


2 *R cos l 


Execute: <u> The escape speed will be v - ^|26'J^L* I - 4.35xl0 4 m s. Making the simplifying 
assumption that the direction of launch is the direction of the earth’s motion in its orbit, the speed relative to the 
center of the earth is v--— -4.35 x 10* ms --— -!---1.37x10* ms. 


(b| Tlie rotational speed at Cape Canaveral is 


(3.156x10 %) 

2.t< 6.38x10" m> cos 28.5* 


4.09x10* m s, so the speed relative So 


86,4(0 s 

the surface of the earth is 1.33x 10 4 xn/s. 

(c) In Frcreh Ciuiana. th: rotational speed is 4.63 x 10' xn/s. so the >p^ relative to the surface of the earth is 
1.32x|0 4 Rb's. 

EVALUATE: The cebital speed of the earth is a large fraction of the escape speed, but the rotational speed of a 
poant on the surface of the earth is much less. 

IDENTIFY: From the discussion of Seel Kin 12 .6. the force on a point mass at a distance r from the center of a 
spherically symmetric miss distribution is the same as though we remov ed all the miss at paints farthrr thin r 
from the center and concentrated all the remaining mass at the center. 

SET UP: Th: mass . 1 / of a hollow sphere of density p . mner radius R x and outer radius R 1 is M - p±x{Rt - R ‘) . 
From Figure 12.9 in the textbook, the inrer core has outer radius 1.2 x 10* m . inner radrus /xra and density 
!.3xl0 4 kg/m The outer core has inner radius 1.2 x 10* m . outer radius 3.6x10* m and density 1.1x10* kg m . 
The total mass of the earth is m. - 5.97 x 10* kg and its radius is R , - 6.38 x 10* m . 
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12.71. 


12.72. 


12.73. 




ind outer core* contribute to the force 


Execute: <■) F t 1—- mg -<10.0 kgM^SOm/s^^R.O N . 

K 

(b) The mass of the inner core is rn tmm , = p^ ~x(R-. -/?f) - (l.3x 10* kg l m < )4*fl.2x 10* m) 4 -9.4 * I0 : ' kg . The 
of the outer core is m^ m -(1.1x10* kg’m* )4*([3.6x 10' mf -[I.2xl0‘ mp-2.1x10** kg . Only the inner 

. A*-(6.67x10 11 N mVkgV^ ^ 11 ^ kg 1 - 2 . 1 x 10 * kgX»0.0 kg) _, |Q N 
• * (3.6x10* m)* 

(c> Only the inner core contributes to the force and F - (6.67x 10 1 N m*'.'kg : ; ? * * ‘ 11,11 1 44 N . 

(cl> At r- 0. F t -0. 

Evaluate: In this model the earth is sphcrxallv symmetric but not uniform, so the result ofLxamplc 12.10 
doesn't apply. In particular, the force at the surface of the outer core is greater than the force at the surface of the 
earth. 

iDf.vntY: liq.l 12.12 l relates orbital period and orbital radius for a circular orbot. 

Set Up: The mass of the sun is M - 1.99 x 10** kg . 

EXECUTE: <u> The period of the asteroid is T - ^— Inserting 3x10" m fora gives 2.84 y ami 5x10" m 

G\f 

gives a period of 6 .11 y. 

(bl If the period is 5.93 y. then a - 4.90 x 10" m. 

(c> This happens because 0.4 - 2/5, another ratio of integers. So once every 5 orbits of the asteroxl and 2 orbits of 
Jupiter, the asteroid is at its perijovc distance. Solving when T - 4.74 y, a - 4.22 x 10" m. 

EVALUATE: The orbit radius foe Jupiter is 7.78x 10" m are! for Mars it is 2.21 x 10' 4 m . The asteroid belt lies 
between Mars and Jupiter. The mass of Jupiter is about 3000 times that of Mars, so the effect of Jupiter on th: 
asteroids is much larger 

IDENTIFY: Apply the work -energy relation m the form IT - A£ . where E - K + U . The speed v is related to the 
orbot radius by Eq.< 12.10). 

SETUP: m, -5.97x10" kg 

EXECUTE: (u) In moving to a lower orbit by whatever means, gravity does positive work, and so th: speed does irxiease. 
(b> v -1 Gm t )' V 1 * % , so Ar - [Gn \ l ) : j »' : No!c lhal a |*»«livc Ar is gi 

dec rease in radius. Similarly, the kinetic energy is K -(I/2)juv* — (t»*I2)Cr«i 4 ait'*/*. and so 
AAf - (1/2)( Gm^mF ) Ar and MS - Gm^m'r : I Ar. 


given as a 


ft' - AL r -t j\K - -{Gm^mtlr ') Ar 

<c> v-^Gmjr- 7.72x10* ms, '. At*=(Ar a 2)Jfta c /r* =28.9 m\ E = -Gm u mt2r ^-8.95x10“ J(from Eq.(l2.l5)), 


AA ^ j(7n l iw2r*'|( Ar) = 6.70xl(f J. AC/ = -2AK = -!.34x 10 v J, and W - -AA' - -6.70x10* J. 

(d) As the term "burns up~ suggests, the energy is converted to heal or is dissipated in th: collisions of the debris 
with the ground. 

Evaluate: When r decreases. A' increases and U decreases (becomes more nc$>fivc). 

IDEMIFY: Use liq.l 12.2) to calculate F t . Apply Newton's 2nd law to circular motion of each star to find the 
orbital speed and period. Apply the conservation of energy expression. I:q.(7.13). to calculate the energy input 
(work) required to separate th: two stars to infinity. 

(a) SET Up: The cm is midway between the two stars since they have equal masses. Let R be the oibit radius for 
each star, as sketched in Figure 12.73. 



The two stars arc separated by a distarxc 2/?. 

%o r = G\t‘>{2Ry =GM‘HR : 
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(b) EXECUTE; F u - mj., 

GM 1 f4R i so v = JgW4R 

And T - 2jtR/y = 2zR>jARG\i - dWff’VG.I/ 

(c> SET UP: Apply A', -t U x -f - K 3 -f 6\ lo the system of the two stow. Separate to infinity inches K 1 = 
ml t/ a -0. 

EXECUTE: K x + iAfp* = 2(4A/MGA/.4/?) = GA/V4A 

(/ ^ -GA/V2/? 


Thus the energy require! is \Y^ - -{A, +1/,)* -<01*74* -01/72*) - GA/74A. 

Evaluate: The closer the stars are and the greater their mas*. the larger their orbital speed, the shorter their 
orbclal period and the greater the energy required to separate them. 

iDFAIltY: In th: center of mass coordinate system, r ^ - 0. Apply F - nta to each star, where A* is the 
gravitational force of one star on the other and a - a . - —-— 


IzR 


SET L P: v --allows R to be calculated from v and T. 

T 

iDEVUPY: (u) The radii R { and R : are measured with respect to the center of mass, and so A/,/?, - A/ ./?,, and 

(l» > The forces on each star arc cqiul xn magnitude so the product of the mass and the radial accelerations arc 

equal: - — “ , from th: result of part (a), the numerators of these expressions are equal, and so the 

denominators arc equal, and the periods are the same. To find the period xn the symmetric form desired, there arc 
many possible routes. An elegant method, using a bit of hindsight, is to use the above expressions to relate the 

periods to the (brve F --. so that equivalent expressions for the penod arc .1/ T* ♦ -aix 


i/.r 


s 4 t 'RJR + Rj wvr , 4 t_ 2x(R x -f R^ 

--- Adding the expressions gives (A/ * M : )T - or T - -j ————- 


(c> Firs! we must find the radii of each orbit given the speed and period data. In a circular orbit. 

V - 2EK. « * - iZl . Thu, * = . &7g> |ff . m ^ 

r 2.T 2 it 

R, i:: : " ^InSh.dOO,,!) ^ 2 , 6y |Q „ m N(w fmj ^ _ o| . ibf ^ Uw KfR _ SIR .^ 

4 x‘(R +R,)‘ 

the lad that fl.. - 3 R fi {M. ».I/,)- f ^ - . inwfling the values of I. ami the radii This give* 

.. .. 4.T ; (6.78«IO , 'm>2.26x10" m)‘ ,, 

(.1/ t.l/ .i-- 1/ ■»A/. -3.12> 10 kg. Since 

’ 1(137 d|<»6.400ti'dU‘(6.673x 10'" N-mVfcg') 

.1/, = M.RJR, -■ 3.M.. 4.W. - 3.12x 10" kg .or M. - 7.S0x 10“ kg and M, - 2.34xI0‘" kg . 

(til Let a refer lo the star and fi refer to the black hole. Use the relationships derived in parts (a) and lb): 


R . = {MJM )R* -(0.67/3.H)^ -(0.176)/? 


^R.-j ? - . Fa Manoccrotiv. inserting the values 


for M and T and R k gives R % - 1.9 x 10 V m. i # - 4.4 x 10*' km * and for the black hdc R t = A4 x 10* m. v, = 77 km *. 
Evaluate: Smcc T is the sanx. r is smaller when R is smaller. 

IDENTIFY and SET Up: Use conservation of energy. K x + U x -f +b\. The gravity force exerted by the 

sun is the cnly force that docs work on the comet, so - 0 . 

Execute: K x =4«v? f i\ = 10xl0 4 
U x - r t * 2.5 x 10“ m 

K. * 4 mv i 

U. - -Gay m.'j;. r - 5.0x 10” m 


ms 
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- Cmjnfr % - yrm’J - C/n/n r 2 

v 2 « 6 . 8 x 10 4 mx 

EVALUATE: The comet has greater speed when it is closer to the sun. 

12.76. iDf.MItY: Apply conservation of energy. 

SET UP: Let »i M he the maw of Mars and A/* he the maw of the sun. The subscripts a and p denote aphelion and 
perihelion. 

Execute: - aUt "* - ImV - c ‘ w * m ". or - L; - 26.U, i-i j-2.650-I0 4 im 


EVALUATE: We could instead use conservatism of angular mommtunv Note that at the extremes of distance 
(pcrihrleion and aphelion), Marx’ velocity vector must he perpendicular to itx radius vector, and so the magnitude 
of the angular momentum is L - hut . Since L is constant, the product rv must he a constant, and so 

v — v — - (2.198x 10 4 m s) ■ ~ —_— - 2.650 x 10* ms. Marx has larger speed when it is closer to the sun. 

' r f (2.067x 10 m) * 1 

12.77. (a) IDENTIFY and SET Uf: Use Iuj.(12.17). applied to the satellites orbiting the earth rather than the sun. 
EXECUTE: Lind the value of a for th: elliptical orbit: 

2 fl=r+r + k^, where A and h f are the heights at apogee and perigee, respectively. 

+(h + A V2 

a =6.JKxlO“ in * (400-10 1 m-.4000x10' mV2 =8.58.10* m 

_ :;lS - 5S - Iiri - _ -7.91*10* s 

jG\1 t ^(6.673 xIO" 41 N • m*.'kg I )(5.97 x I0* 4 kg) 

<b) Conservation of angular momentum gives )\\\ - r p v 9 

r 6.38x10' m-t 4.00x10' m f €1 

“'6.38x10* mf 4.00*10'm” 

(c) Conservation of energy applied to apogee aixl perigee gives K t +t/ # - *6’^ 

TiwrJ “ Gm g m/r s - - Cm t mfr p 

-»1 - 26 m, (1 lr f - Hr ,) = 26 m, <r - r, )l Vr 
Hut v, -l.S32v> so l347v^26X0; ~r p Vrjr p 
\\ - 5.51 x |0 ; m's, v p =8.43x 10* mx 

(d) Need v so that E - 0. where E-K + U. 

at reritfcc: - Gn f m^ - 0 

v ^ J2Gm % ir t - ^2(6.673x10 " N m .kg*X5.97xl0 ; ' kg|V6.78x|0*m -1.084x I0 4 ms 
This means an increase of 1084x 10 4 m s-8.43x10’ ms-2.41x10* m x. 

at aroirec : v. ^ - ^2(6.673x10 " N m’.'kg*X5.97x 10 J< kg).’ 1.038x 10 m ^8.761 x 10 s ms 

This means an increase of 8.761 x 10’ m x-5.5lx 10* m x -3.25x10* m's. 

Evaluate: Perigee ix more efficient. At thrs point /• rs ximllcr so v ix larger and the satellite has more kinetic 
energy and nxirc total energy. 

12.78. IDENTIFY: g ———. where A/ and R arc the mass and radiux of the planet. 

SET L’P: Let «i ( and R x he the maw and radius of Uranus and let g, h: th: accclcratxm due to gravity at iLs 
poles. Th: orbit radius of Miranda is r - A ♦ R { . where h - 1.04 x 10* m is the altitude of Miranda above the 
surface of Uramik. 

Execute: <u> From the value of g at the poles. 


G (6.673x10 “ N m’.kg ) 
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|b) G™,V -*„(«>)'-0.432imV'. 

(c> Gmjxl - 0.0X0 m's *. 

EVALUATE: (d) No. Ikith the object and Miranda an: in orbit together around l.’ranus, due lo the gravitational 
force of Uranus. The object has additional force toward Miranda. 

I DEN I1PY and SET L'P: Apply conservation of energy (Ixj.7.13) and solve for If^.. Only r - h + is given, so 
use E*( 12 . 10 ) to relate / and v. 

Execute: K x + (/, + * AT, ♦ b\ 

C/, - where nt M is the mass of Mars and >\ - R s% ♦A, where A VI is the radius of Mart and 

h - 2000x 10 1 m 

l/,« -(6.673..0 " N • m'.V ~ 1 

1 D 3.40*10* m-t 2000* 10 m 

U 2 — -Goi M im'fj. where r 2 is the new orbit radius. 

f/, ■-(6A73x l 0~" N-inWg*) -,.737x.tf*J 

3.40x10“ mt-4000x10* m 

Far a circular orbit v - J6'"„'r lEq.i 12.10). »ilh the mats of Man rather lion Ihc mats of the c-uth). 

Uung thin civet K - iitri' - 4"HG"V' r ' 10 K - -if.’ 

K ^ -Ml, = .1.190x10" J aixl JC, - - 4 U. - +8.685.10“ J 

Then K, +U, + »’ Atm - A\ r U, givm 

W M -< A',-A,) + ((/,-!/,) = <8.685x10' J-1.190.10” J».(-2.380x 10” J+ 1.737x10" J) 

=-3.215x10“ J+6.430x10“ I -3.22x10' J 

EVALUATE: When the orbit radius increases the kinetic energy decreases and the gravitational potential energy 
increases. K - -6’/2 so A’ - A' * U = —1//2 and the ti>tal energy also increases (becomes less nrgativel. Positive 
week must be dene to increase the total energy of the satellite. 

IDEVIIFV and Set L'P: Uw Cq.( 12.17) to calculate a. T - 30.000 >(3.156.1 O' t/l y) = 9.468xltf' * 

2m 1 ' 4 aV 


EXKCITE: Eq.(l2.l7): I — - r - 


JSSCTmlM 




r 


D 


EVALUATE: The average oebit radius of Pluto is 5.9 x I0 1 ’ m ( Appendix F): the semi major axis for this comet is 
larger by a tactor of 24. 

4.3 light years - 4.3 light ymrs(9.461x 10*' in 1 light year) - 4.1 * 10 * m 
The distaixc of Alpha CenUuri is larger by a factor of 300. 

The orbit of the comet extends well past Pluto but is well within the distaixc lo Alpha Centauri. 

IDENTIFY: Integrate dm - pdV to find the mass of the planet. Outside the planet, the planet behaves like a point 
ma.es. so at the surface g - GM'R *. 

SET L’P: A thin .spherical shell with thickness dr has volume dV - 4 xr'dr . The earth has radius 
-6.38x 10* m. 

EXECUTE: Get M: M = J dm - J pdV - ( f>Xxr*dr. The density i%p-p 0 -t>r. where 
p % - 15.0x 10* kg m* at the center and at the surface. /> k - 2.0x 10* kg m*. so b - f ■ ' ^ * 

U ~K(p,-hr) 4 xr’dr^tlpj<‘ -*/>*' = !**>,. - j = ip, r j and W - 5.71x10" kg. 

i. i\( 15-0*10* ko'm' 


g -*|6.38xl0*m)(6.67x10 ' N m'.'kg' )| • 2.0x10 kg.m j. 

e =9.36 nvs\ 


3 
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Evaluate: The average density of the planet is p e - —--——!———111. 5.25 * 10* kg m'. Note 

^ J y V 4 *R‘ 4t<6.38x 10 m( * 

that this is not (p„ + p % )fl . 

IDENTIFY and S»:r UP: Use Eq.( 12.1) to calculate the force between the point mass and a small segment of tlx 
semicircle. 

EXECUTE: The radius of the semicircle is R - Ua 

Divide the semicircle up into srrnll segments of leneth R d0 % as shown in f igure 12.82. 




Figure 12.82 

dM ^ (ML)R dO - (Mix) <i0 

dt' is the gravity force on m exerted by dSI 

j * dF t = 0: they-components from the upper half of the semicircle carxcl the v -components from the lower half. 
The x-compooaits are all xn the *.x -direction and all add. 
dt r - G 


dl r -Cr 


mdU 


GmxM 


10 




\X\1 r 

Z~J 




F- 


IxGmM 


EVALUATE: if the semicircle were replaced by a point mass M at x « R , the gravity force would lx 
GmMtR* - a^GmM'l}. This is a!2 times larger than the force exerted by* tlx semiczrclar w ire. For the semicircle 
it is the .v components that add. and the sum is less than if the force magnitudes were added. 

IDF.MIFY: The direct calculation of the force that the sphere exerts on the nng is slightly more involved than the 
calculation of the force that the ring exerts on the sphere. These forces are equal in mignitixle but opposite in 
direction, so it will suffice to do the latter calculation. By symmetry, tlx force on the sphere w’ill be along the axis 
of the ring in Figure 12.35 xn the textbook, toward the ring. 

SET UP: Divxlc the ring into infinitesimal elements with mass d\S. 

( Gm)d\i . . 

■ on the sphere, and the 


EXECUTE: Each mass element d\f of the nng exerts a force ot magnitude 

GmdSt x GmdMx 


v-compoocnt of this force is 


a' ’ •' r 

Therefore, the force on the sphere is Gmklx! (a* ■+ x*) .in the -x direction. The sphere attracts the ring with 


force of the same magnitude. 

EVALUATE: As x » a the denominator approaches x‘ and F 


GAim 


, as expected. 


IDENTIFY: Use Eq.l 12.1 > for the force between a small segment of the rod and tlx particle. Integrate over the 
length of the rod to find the total force. 
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SET L t P: Use a coordinate system with the origin at the left-hand end of the rod and th: y' -axis along the rod, at 
shown in Figure 12.84. Do id: the rod into small segments of length dx\ (Use ./ for the cooniinatc so not to 
confuse with the distance x from the end of the rod to the partxlc.) 

./ 

I 

A 


£ 


L - A* 

L J* + A 


Figure 12-84 

EXECUTE: The mats of each segment it dM - dx\ M L ). Each segment is a distance /. - x *■ x from miss m. so 

Cm dSi GMm 

l a 


the force on the particle due to a segment is <JF -■--- 


f V-^f_ 

9l L ): (L 


GMm 


<L-y' + y)‘ L V L-f+x 

GMm( I 1 G\fm(l + x-x) GMm 


A* - 


L \x L + x) L .r(L*.r) x(L+x) 

EVALUATE: Fcc.y»/. this result become F -GXfm x\ tbc same as for a pair of point masses. 

IDENTIFY: C’ompire /; to Hooke's law. 

SET UP: The earth has mass m % - 5.97 x \0 U kg and radius R^ - 6.38 x 10‘ m . 

EXECUTE: Foe F t - -kx % U -~kx m . The force here is in th: same focm. so by analogy A'’!/*)- -r“ r • This « 




also given by the integral of /•’ from 0 to r with respxt to distance. 


(H> From part lal. the initul gravitational potential energy is-1—. liquating initial potential energy and final 

kinetic energy (initial kinetic energy and final potential energy an: both zero) gives 
V 1 - so V - 7.90 X10* m i. 

Evaluate: When r - 0. C/(r)-0, as specified in the problem. 

iDfAlUY: In I:qs.(12.12) and (12.16) replace Tbx T r A7* and r by rtAr. Use the expression in the hint to 
simplifying the resulting equations 

s»:r UP: The earth has m i - 5.97 x 10 34 kg and R - 6.38 x 10' m . / - h t R % . where h is the altitude above the 
surface of the earth. 

2x r *•* 

Execute: <u) T - ■■ therefore 

JHxT 


r* Ar- 


£X 






Is r* 


r ) y}GM, \ 2' ) jGU t 


Since v-J‘“'L.Ar- 3 * Ap - 


. v-JG.U t r "‘, and therefore 


-A. = v .77l77 (r-Arl ‘ 3 = ^7iw7r " and v.J55£ v-2^.Ar. 


Since 


r 2 xr* 4 
r-Av - 

JGwT 


(b) Starting with T - (Eq.(l2.l2)), 7* - 2* r\ .and v - <EqXl2.10)k find the velocity and 


period of the initial orbit: r 


(6.673x10 "N m kg*X5.97xIO' 4 kg) 


7 672x10* m's. and 


6.776 x 10 *m 

T - 2.T rfv - 5549 % - 92.5 mm. We then can use the two derived equal ions to approximate A7* and A* : 
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3* (100 mV 


7.672* 


0.1228 s and An 


xAr *{100 m) 
"7-1554V si 


- 0.05662 in s . Before the cable breaks, the 


shuttle will hive traveled a distance d. d - ^125 m*)-(l<10 m*') - 75 m . 
r - (75 m)/( 0.05662 mb) - 1324.7 s - 22 mm It will take 22 minutes for the cable to break. 

(c) The ISS is moving faster than the space shuttle, so the total angle rt covers in an orbit must he 2.7 radians more 
than the angle that the spare shuttle covers before they arc oocc again in lior Mathematically, ^ - 2* . 

Using the binomial theorem and negketing terms of order AvAr. — - i2—l -t^L\ * / I — t iil I - 2.T. 


Therefore. / --- -±I— 

L*L,'*L 

r T r 


Since 2rr = vT andA r = = — ——*2— — = 11.. 

3* t/ia r- S7 Ta r\ at 


was to be shown. / - i- - - 2.5 x 10* s - 2900 d - 7.9 v It ts highly dnubtful the shuttle crew would 

AT (O.I22Ss) 

survive tlx congressional hearings if they miss! 

Evaluate: When the orbit radius increases, the cebital period increases and tlx orbital speed decreases. 

12.87. Idem in: Apply Eq.< 12.19) to the transfer orbit. 

Set Up: The orbit radius for Earth is r* - l.50x 10“ m and for Mars it is r u - 2.28x10“ m . From Figure 12.19 
in the textbook, a = 4(r t + r M ) 

EXECUTE: (u) To get from the circular orbit of the earth to the transfer orbit, the spacecraft's energy must 
increase, and the rockets are fired in the direction opposite that of the motion, thit is. in the direction that increases 
the speed. Once at the orbot of Mars, the energy needs to be increased again, and so the rockets need to he fired in 
the direction opposite that of the motion. From Figure 12.38 in the textbook, the semimajor axis of the transfer 
orbot is the arithnxlic average of the orbit radii of the earth and Mars, and so from Iq.< 12.13k the energy of tlx 
spacecraft while in the transfer orbit is intermediate between the encrgxs of the cireular oibits. Returning from 
Mars to the earth, the procedure is reversed, and the rockets arc fired against the direction of moticei. 

< 1> > The time will be half the period as given m Eq. (12.17), with the semimajor axis equal to 


-l(r L -f r M ) - 1.89x10“ in so /- 


which is more thin 8a months 


_ x (1.89x10" m)‘ ,; _ 

6.673x10 1 N• nT'ki!' HI .99 < 10 ‘ ksl 


(c) During this tmx. Mars will piss through an angle of (360° l 


(2.24x10’ s) 


-2.24x10 s - 263 davs . 


-135.9°. and the spacecraft 


passes through an angle of 180° . so the angle between the earth-sun line and the Mars-sun line must lx 44.1°. 
EVALUATE: The period T for the transfer orbit is 526 days, the average of the orbital periods for Earth and Mars. 
IDENTIFY: Apply Y F - ma to eah ear. 

SKI Up: Denote the orbit radius as / and the distaixe from this radius to cither ear as 6. Each ear. of mass m % 
can be modeled as siAijcct to two forces, the gravitational fccce from the black hole and tlx tension force tactually 
tlx force from the body tissues), denoted by F. 

EXECUTE: The force equation for either ear is - F - mat{r ♦ S), where if can he of either sign. 

(r + S) 

Replace the product with the value for 6 - 0 . maj’ - GMmfr 1 . and solve for F: 


r + *-r(l+<#/•»*' 


F-(GMm) 


l r (r + o >’ J r- L J 

Using the binomial theorem Id expand the term in square brackets in powers of Jf/r m 


>•*<»•-/■( I-2<#r>)]-£!£li<M)*. 2.1 kN . 


This tension is much larger than that which could be sustained by humin tissue, and tlx astronaut is in trouhVr 
(h) The center of gravity is not the center of mass. The gravity force on the two ears is nnt tlx same. 
EVALUATE: The tension between her ears is proportional to tlxir separation. 

IDENTIFY: As suggested in the problem, divide the disk into rings of radius / and thickness dr. 

SKI Up: Each ring has an area di - 2 xr dr and mass d\i — 'H—dA - -/■ dr. 

x a ’ a* 
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12.90. 


—I7T7F- 


Execute: He magnitude of the force that this small ring exerts cm the mats »i is then 
(G m dM Ki’(r J ♦ x 4 ) VJ ). The contribution dF to the force is dF - 1 ** 

The total force F is then the integral over the range of r % 

c r, r 2GUmx r r 

F -\dF * - - dr 

} a* J "<t tr*) * 

Th integral (cither by looking xn a table or making the substitution u = F + a *) is 
I 


1 

1 

1 

t x 

.r 

\'V +r‘\ 

X 



x 

• . 


Substitution yields the result F - ~ '\ m ,. — 

a L 

f he second term in brackets can he written as 


The force on ni is directed toward the center of the ring. 



■OH*) 




ifx » d. where the binomial cxpwsaon has been used. Substitution of this into the above form gives F * 


G\1m 

IT' 


u it should. 

EVALUATE: As j —* 0 . the force approaches a constant. 

I DEN nn: Divide the rod into xnfrnitesuml scgnvnts. Calculate the force each segment exerts on m and integrate 
over the rod to find the total force. 

SET UP: From symmetry, the component of the grav itational force pirallcl to the rod is zero. To find the 
perpendicular component, divxle the rod into segments of length dx and mass dm - positioned at a distance 

v from the center of the rod. 

Execute: The magnitude of the gravitational force from each segment is 
Gm d\ 


dF - 




-—— The ccmpooent of dF perpendicular to the nxi « dF i and so the net 

2L x ♦ J x 3 


gravnational force is /•* - I dF ~ 


GmSia 
2 L 


J. 77 W- 


The integral can be found in a table, or found by making the substitution .r - a tanft Then. 
dx = a see 3 0 d 0 . <.t J -f a') - a' mV, and so 


f »«A f u 1 r 

J(«- " > a ice‘0 

ind the definite integral is F - 


- - T jcca 0 d 0 -- T an 0 - 

GmM 
aJa‘ L 1 




Evaluate: When a » L the term in th: square root approxhes a ' and F -> as expected. 

a‘ 
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13.1. IDENTIFY and Set L'P: Tlx target vmahte arc the period T and angular frequency n>. We are gi\>m the frequency 
/. so we can find these using l:qs.( 13. 1 ) and ( 1 3.2) 

EXECUTE: 00 /» 220 llz 

r«l// = 1/220 llz = 4.54x10 * s 
«= 2 <t/ - 2 jt (220 llz) - 1380 rad s 
<10 /a2(220 llz)a 440 Hz 

T -\ff -1/440 Hz-2.27x10 s (smaller b>* a factor of 2) 
to- 2 t/ - 2>r(440 Hz) -2760 rads ifactor of2 larger) 

EVALUATE: The angular freqtxncy is directly proportional to the frequency and the period is inversely proportional 
to the trequeexy. 

13.2. IDENTIFY and SET L'P: Tlx amplitude is the maximum displacement from equilibrium. In one penod the object 
goes from r-^ A to v — -.4 and returns. 

Execute: <m a - o 120 m 

<l>) 0.800 s - 772 so the penod is 1.60 s 

(c) /ai-0.625 llz 

EVALUATE: Whenever the object is released from rest, its initial dcsplacenxnt equals the amplitude of its SI IM. 

13.3. IDEVIIIV: The penod is the time for one vibration and (a —— 

SET L’P: The units of angular frequency are rad s. 

Execute: Tlx period is -1.14x10 * s and the angular frcquetxy is w - ^ - 5.53x10' nd/%. 

Evaluate: There are 8.80 vibrations in 1.0 s. so / - 880 llz . This is equal to I T . 

13.4. IDENTIFY: The penod is the time for one cycle and the amplitude is tlx maximum disphxcmcnt from equilibrium 
Both these values can be read from the graph. 

SET L’P: The maximum a* is 10.0 cm Tlx time for one cycle is 16.0 s. 

Execute: <u> 7* = I6 .0 sso / = 1-0.0625 llz . 

<b) .1 = 10.0 cm. 

(c) r = I6.0s 

<d) «=2r/ = 0J93 rad's 

Evaluate: Alter one cycle the motion repeats. 

13.5. IDENTIFY: This displacement is 4 <>f a period. 

SETUP: T = I// = 0.200 s. 

Execute: / - 0.0500 s 

Evaluate: The time is the same for .r - A to x - 0, for x - 0 to x = -.4 . for x - - /I to x - 0 and for x = 0 to 
x- A . 

13.6. Identify: Apply Eq< 13.12> 

SET L'P: The period will be twice the interval between the times at which the glider is at the equilibrium position. 
Execute: * » »‘m = ( y j ® » j | 10.200 kgl = 0.292 N/m. 

Evaluate: 1 X = 1 leg • ms 1 f so 1 N/m - I kg’s*. 

13-1 
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13.7. 


13.8. 


13.9. 


13.10. 


13.11. 


13.12. 


IDENTIFY and s#:r Ip: Use Eq^ 13.1) to calculate 7 Eq.( 13.2) to calculate to. and Eq.(l3.IO) form. 

Execute: <u> T - \if -1/6.00 11/ « 0.167 % 

<l»l to - 2jt/ - 2t< 6.00 lb) - 37.7 rad s 

(c) to^yfbm implies m - kiaf - (120 N.'m)/<37.7 rail's) 1 =0.0844 kg 
Evaluate: We can verify thit kJto 3 has units of miss. 

Identify : The mass and frequency are related by f —!— 

It 

SET Lp: /\fm - - constant. m ffiT - /. 

Execute: (u> - 0.750 kg. / - 1.33 11/ anil m. - 0.750 kg . 0.220 kg - 0970 kg . 

/>/; EL<1.33 H/)) 07 * 0 ^ ,1.1711/. 

* (0.970 kg 

<b> m. - 0.750 kp-0.220 kg-0.530 kg. /.-(1.33 lb) J g' 50 k S _l. S g |b 

y 0.530 kg 

EVALUATE: W7>cn the RUB irxrrases the frequency increases and when the mss decreases th: frequency irxrcascs. 
Identify: Apply Eq*.(13.ll) and (13.12). 

SETUP: /=1T 

<l>) / = j,= 2^6 Hz.(c) w - 2xf = 16.7 rads. 

Evaluate: Wc can verify that 1 kg’(N/m) - Is*'. 

Identify and SET Up: Use E<p. (13.13), (13.15), and (13.16). 

Execute: / = 440 Hz. .4 = 30 mm. = 0 
<a) x-Aco^ax +$) 



* = (3.0x10 * m|cos<(2.76x 10* rads)f) 

<b> v 4 =-toAiin(f4 

v m - toA = (2.76x10* rad's #3.0x 10 1 m l - 8.3 mi's (maximum magnitude of velocity) 
a t = -to 3 Ac<*iti*+t) 

= to 1 A = (2.76x I0 ; rad's)* (3.0 x |0 * mi = 2.3x 10* ms* (maximum magnitude of acceleration) 

(c) a, = -& 1 A co%at 

dajdt - t-A>*>4sin<uf - [2 t(440 llz)| J (3.0x 10 1 m|ssn(|176x 10* rad'sjr) = <6.3xl0 ? m *')sin(|2.76x 10*rad sp) 
Maximum mag nit mi: of the jerk is to* A = 6.3x 10 m s 

EVALUATE: The period of the motion is small, so the maximum acceleration and Jcric arc large 

IDENTIFY: Use Eq.l 13.191 to calculate A. The initial position and velocity of the block dclermim ^. v(i) is gi\en 

by nq.413.13>. 

SET Up: cos 0 is zero when 0 - tx/2 and sin(ff/2) = 1. 


Execute: (u) From Eq. (13.19k A - pi 


v 

K m 


ID 


(h) Since v(0| = 0.1:q.< 13.14> requires- ± £. Since Ihe block is initially moving 


the left. t. < 0 and Eq.< 13.71 


requires that sin p > 0 . » ^ 


<c) cos In* + (jt’ 2)) = -sin toi % *o x = (-0.9K ml sin« 12.2 rads)/). 

Evaluate: The XU > result in port (c) docs give x - 0 at / = 0 and x < 0 for / slightly greater than zero. 
IDENTIFY and set Up: We are given k. m. x % . and v 4 . Use Eqs( 13.19), (13.18). and (13.13). 
EXECUTE: (u> l:ql 13 19): A - ^ t .;./»• = - mv'Jk 

A - ^(0.200 m)’ 4(2.00 kg If -4.00 mi) ; .'(.WI0 N.'m) - 0.3S3 m 
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13.13. 


13.14. 


13.15. 


13.16. 


13.17. 


(h> Eq {13 IK): l = 

«-^ ^(300 N ,'my2.00 kg - 12.25 rad s 
(-4.00 ms) 


t*an:un - 


- arctan)+1.633) = 38.5* lor 1.02 rad) 


112.25 rad 0.201) ml 
(c> x - Acoa,(f*++) gives x = (0.383 m)co%fll2.2rad/sJ: +1.02 rad) 

Evaluate: At / - 0 the block is displaced 0.200 m from equilibrium but is moving, %o A > 0.200 m. According 
to Eq {13 15 >. a phase angle 0 in the range 0 < + < 90° gives »•,. < 0. 

IDEMUY: For SUM. a, - -o» 3 x - -<2af) 3 x . Apply l-qx.n3.13), (13.15) and 113.161, with ,1 and <* from ICqx.l 13.18) 
ind <13.19). 

Ski Up: x a 1.1 cm, v u , - -15 cm's. fa - 2xf . with / = 2.5 11/ . 

Execute: <u> <j. = -(2»(2.5 llx))’(1.1 x 10 - m) = -2.7l m* 3 . 

(b) From Eq. (13.19) the amplitude is 1.46 cm. and from Eq. (13.18) the phase angle ix 0.715 rad. Th: angular 

frequency is 2 xj = 15.7 rads, so x - <1.46 cm! cos ((15.7 radx)f*0.715 rad). 

v. *(-22.9 cm/x) sm ((15.7 radx)f r 0.715 rad)and a t = (-359 emtf) cos ((15.7 rad's* + 0.715 rad). 

Evaluate: We can verify thit our equations for x. v t and a t give the specified values at / - 0 . 
iDLMm and SET L'P: Calculate x usang liq.i 13.13). Use T to calculate fa and x, to calculate 0. 

EXECUTE: x = 0 at l = 0 implies that d* ±x>2 rad 
Thus v = /flcos(ft* :*V2). 

T - 2 xfo so co-2xfT - 2t.' 1 .20 x - 5.236 rad x 

x -(0.600 m)cos<[5.236 rad*I0.4K0 s]±x/2y-? 0.353 m 

Tlu: dixtaixe of the object from the equilibrium position ix 0.353 m 

Evaluate: The problem doesn't specify whether the object is moving in the +x or -x direction at r - 0. 


Idi.n 1WV: Apply I - 2.t^E . IJxe the infonrntion about the empty chair to calculate k. 
SET Up: When m = 42.5 kg . T = 1.30 s. 


Execute: Empty* chair: T = 2r.iy gi«* * - 


ix’ir 4r'142.5 leg) 
<l-30»r 


m Xm 


With person in chair T = 2a J- gives m-Li-2. - !* ' " ' N 162 kg and 

A* 4x* 4x' 

= 162 kg-42.5 kg = 120 kg. 

EVALUATE: Fee tlx same spring, when the mass increases, the period increases. 

IDEMUY and SET UP: Use Eq.( 13.12) for T and E*< 13.4) to rotate a t and A. 

Execute: T » Ixjmtk . m = 0.400 kg 

Use a - -2.70 ms ; to calculate k: -Ax - mu give* A = - lltL - 11 - 1 1,1 ' = *3.60 N'm 

J 4 x 0.300 m 

7* = 2x>fmik = 2.09 s 

EVALUATE: a, is negative wbenx is positive, majx has units of N/m and *jm'k has units of x. 

iDt.Mih: r = 2xJ— . a s = -—xso u tM4 - —A . F = -At . 

\ A tn nt 

SET Up: a k is proportional tox so a, goes through one c)vle when the diqilacemcnt goes through one cycle. From 
tlx graph, one cycle of a, extends from / = 0.10 s to / = 0.30 s. so the period is T = 0.20 s. k - 2.50 N 'em - 250 N'm. 
From the graph the maximum acceleration ix 12.0 mV. 


Execute: <u> T = 2* J— gives m 


-ftfiLj = <250N'm)^2|£i| -0 253 kg 


^ Baa (0253 kgK! 2.0 n Q , 2| m a ,. 2| ^ 
k 250 N'm 

(c) /* =L 4 = (250 X ‘m ft 0.0121 m> = 3.03 N 
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13.18. 


13.19. 


13.20. 


13.21. 


13.22. 


EVALUATE: We can also calculate the maximum force from lb: maximum acceleration: 
- ma, M s (0.253 kg.«12.0 m s*') - 3.IM \\ which agrees with our previous results 


IDENTIFY: The general expression fee v,(f)is v,(f) - -A&rtsinlAir r . Wc can determine <uand A by comparing 
the cquaticei in the problem to the general feem. 

SET UP: a) = 4.71 rad s . mA -= 3.60 cm s ^ 0.0360 nVx . 

Execute: (a) r = — - - — - 11.33 s 


a 4.71 rail! 


!*•> •"< ~ 


0.0560 m : 0.0300 m s 


= 7.64*10'’ in = 7.61 non 


fa 4.71 radi 

(c> a^. =ta'A = 14.71 rad.s)'(7.64* 10 ' m> = O.I69 mi 1 

«|) fa *- mi- mot 1 - (0.500 kgK4.7l rad'*) 1 =11.1 N'm . 


EVALUATE: The overall positive sign in the expression for v 4 (/)and the factor of -fill berth are related to the 
phase factor d in the general expression. 

IDENTIFY: Compile the specific at/> given in the problem to the general form of llq.t 13.13). 

SETUP: A 3 740 cm, *> = 4.16 rads . arxi -2.42 rad. 

2tT 


Execute: (a) 7*^^L 


s. 


»• r:/. - 


(b) so k = mof - (1.50 kg<4.16 rail s)* - 26.0 N/m 


(c) - of A - (4.16 rad sX 7.40 cm) - 30.8 cm/s 

<d) F t = --tvso F ^ kA ^ (26.0 N/m 1(0.0740 m) -1.92 N . 

(e) .y(i) evaluated at / = 1.00 x gives x - -0.0125 m . v. « -foAsininx + = 30.4 cm's . 
a t - -kxim a -a»\y - + 0.21 6 m s*. 

EVALUATE: The maximum speed occurs when .r - 0 and the maximum force rs when x - ±A . 
Identify: Apply x(r) = .feast * d> 


SET UP: x = A at / -0. so d - 0 A = 6.00cm . to- — -1-— - 20.9 rad's. so 

T 0 300 s 

.v(0 = <6.00 cm)cos(|20.9 radb)r). 

Execute: / - 0 at x = 6.00 cm. x = -1.50 cm when -1.50 cm - 16.00 cm)co»t(20.9 rad s]/>. 

t -1-!-i arccosf : M > — 1 ; - O.OS72 s . It takes 0.0872 s. 

^ 20.9 rad s ) \ 6.00 cm ) 

EVALUATE: It takes t = 774 = 0.075 s lo go from x - 6.00 cm to x - 0 and 0.150 s to go from x - +6.00 cm lo 
.y - -6.00 cm . (Xir result is between these values, as it should be. 


IDENTIFY: i fM4 -evA- 2jzfA . - 4"*i» 

SET Up: The fix’ has the sam: speed as the tip of the tuning fork. 

Execute: (u> v„ - 2nfA - 2a(392 HzWO.600.IO ‘ m)= I.4S nvJ 
<1)1 - t "»L - r<0 0270.10 ’ kgMl.4S mfr) 1 = 2.96x 10 ' J 

EVALUATE: is directly proportional to the frequency and to the amplitude of the motion. 

IDENTIFY and SET UP: Use Eq.f13.21) to relate K and U. C depends on x and K depends on \\. 

Execute: (u) U + £, so U - K says that 2 U - E 

2 (4* Y ')~? !A : and x-±A<j2\ magnitude is Afjl 
But U - K also implies that 2K - E 

2(4niv*) -±kA : and v = tJktmAtJl - ±otAfj 2 ^ magnitude is oAiJl. 

<b) In one c>cle x goes from A to 0 to -A to 0 to td Thus x - + A<j2 twice and x - - A? twice in each cyefc. 
Therefore. U - K four times each cycle. The tinx between V - K occurrences is the time Af % Uk v, - 2 to 
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13.24. 


x 1 = -Ayfl, time Aj a For r, - -A'*j2 to Xs*+Af*j2, time Ar. for x, - +A.\j2 to x> - +A*j2. or itx* tinx* A i d for 
to X. - - ajTi. ax shown in Figure 13.22. 


Ir 



to -to. 


Specify r in < - AcatuX ich<xivc j - () «i i - A at / - 0 ) anil ioIvc for t 
x, - +A>\f5 implies AfJ 5 - Jcos<a* ( ) 
cos/ur, -1/^2 so c* t - arccost \}Jl) - s»'4 rad 
f* - Xl 


x, --A 'yfl implies -Aljl - A co 
o>* ruf s - -l/JJ so wr, - 3/Ti'4 rad 
t l =3T.'4ot 

Af 4 - /, = 3x.'4<v-t. , 4o> - x'2m (Note that this is 774. ooc fourth period.) 

Calculation of A/j: 

x, - -AJ-Jl implies f ( - 3x.'4<v 

x 1 - -A/yfi, i s is the next tinx after /, thit gives cosorfj - -l/i/2 

Thus aXj - ae t + xf2 - 5x/4 and f* - 5.r.’4<v 

Af, - 1 1 - /, = 5*/4o> - 3*/4 a> - .c/2/u. so is the same as Af.. 

Tlierfore the occurreixcs of K - U arc equally spaced in time, with a txnx interval between them of x*2a>. 
EVALUATE: This is one-fourth 7*. as it must be if there are 4 equally spaced occurrences each period. 

<c) Exec ute: t - A12 and V t AT - £ 

K-E-V - ~U' -f*i' -4 KA’~ -iU' -i kA l - UA‘l8 


,, K HA''* 3 . V ItA 1 I 

£ U.C 4 £ itf 4 

Evaluate: At x -0 all the energy is kinetic and at x - ±A all the energy is potential Hut A' - U docs not occur 
at x - l/fl/2, since U is not linear in x. 

IDENTIFY: Velocity and position arc related by £ ->r&A‘ - yiirt’J + yAr* . Acceleration arxl position arc related by 
-fa - TftJ . 

SET UP: The maximum speed is at x - 0 aixl the maximum magnitude of acceleration is at x - ±A . 


Execute: <u> For x - 0. - IkA* and i - A\— _ <0.040 m) ‘ ' m 

nt M 0.500 kg 


1.20 ms 


(h) v 


-± A^-Ja*-x 3 - 1 | 4 ° N in J<0.040 my -(0.015 mt* - 11 1 1 m s . 
\m \ 0.503 kg 


The speed is v- 1.11 m's . 

(c) For x - r.-l. a - — A - ' N 10.040 m) - 36 m s 


ni ^ 0.500 kg 

Wg , a -^ J -< 450Nm| - 0,ll5n, L., 3.5^ 
m 0.500 kg 

(e) £ - IkA 2 - 41450 NmKO.OiO m) : - 0.360 J 


EVALUATE: The speed and acceleration at x - -0.015 m arc less than their maximum values. 

iDEVim and SET L’P: is related toxhv Fq.113.4) and v t is related toxby Lq< 13.21). a is a minimum when 

x - ±A and v is a maximum when v- 0. / is related tox by Eq.(l3.l3). 
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13.26. 


13.27. 


Execute: <u> so o. --{klmyx (Fq.13.4). But the maximum |v| is A. so a tmAK »{kim)A - at 1 A. 

f = 0.850 11/ implies Ai - N /Um - hrf - 2*f0.K50 11/1 = 5.34 radi 
* (5.34 rad's ) 2 (0.180 ml = 5.13 m s 2 . 
ir»i; + Ikx 1 - 

vav w when x -0 so -4L4 2 

- ^Fm/f - - (5.34 rad sXO. 180 m) - 0.961 ms 

<b> a, = -(k>m)x * -Vx - -(534 rads) 2 (0.090 ml = -157 m s 2 
iiwr; + Iks? - ~kA : says that i, - tJkJm^A' -j? - tanjA*-.* 3 

>\ - 1(5.34 rad's>^<0.180 m) 2 -<0.090 m l* -10.832 m s 
The speed is 0.832 m s. 

(c) *»/fcos(<*+<*) 

Lei £ - -x'2 so that x * 0 at l ■ 0. 

Then x a ^coXW-t/ 2) - /fsin<6tf) [Using the trig identity ca(d-r/2) - sin»r ] 

Find the tinx / that gjvcs x - 0.120 in. 

0.120 m- ( 0.180 m)sin(<*> 
sin ex -0.6667 

( - roii(0.6667)to-«?297 rad (5.34 rad s) - 0.137 s 

EVALUATE: It takes oncTourth of a period for the object to go from x - 0 to .r - A - 0.180 m. So the time we have 
calculated should be less than 774. 7* = Iff -1/0.850 11/ »1.18 s, 774 = 0195 *. and the time we calculated is less 
tlun this. Note that the a and v we calculated in part (b) arc smaller in magnitude than the maximum values we 
calculated in part (b). 

<d> The conservation of energy equation relates v and x and F - ma relates a and x. So the speed and acccleratxm 
can he found by energy methods but the time cannot. 

Specifying x uniquely determines *r. but determines only the magnitude of at a given x the object could be 
moving either in the +x or -x direction 

Identify: Use the results of Example 13. IS and also that £ - IkA *. 


SET UP: In the example. A 2 - 4 f-Jll — and now we want A 2 - IA^ . Therefore. — - . or ui - 3.1/. For 

v Ai tw 2 T of + m 

the energy. E } - 4LT:. but since A 2 - ±A X . £% - ^E k . and - r E l is lost to heat. 

Evaluate: The putty and the moving block undergo a totally itxlastic collision and the mechanical cixrgy of the 
system dxxeascs. 

IDENTIFY and SET Up: Use Eq.( 13.21). x-±A& when v 4 -0 and v, -±»v«. t when v-0. 

Execute: <u> E -lmv : +lkx* 

E - 4(0.150 kgX0.300 m s) 2 r 4(300 N7m)(0.012 m> ; ^0.0284 J 
(h) £-Itr so A - yj2Ek - ^2(0.02S4 J> }l» Vm -0.014 m 
(c > £ so v _ - y/2 E m ^ ^2)().02S1 J l'O.ISO kg - 0.615 ro'i 

EVALUATE: The total energy E is constant but is transferred between kinetic and potential energy during the 
motion. 

IDENTIFY: Conservation of energy says ‘ ♦ ikx* -4£4* and NcwtccTs second law says —kx - . 

SET UP: Let x be to tlx right Let the mass of the object be m. 


Execute: k - - 


"i. 


-8.40 m s 
0 . 60 : m , 


ll4.0s 2 )«. 


4 - J? +{m/*)v s = f(0.600 m) 2 + ^ ™ ^ (2.20 ms) -0 


- 0.840 m . The obxd will therefore 


travel 0.840 m -0.600 m - 0.240 m to the right before stopping at its maximum amplitude. 

EVALUATE: The acceleration is nnl constant and we cannot use the constant acceleration kinematic cquitions. 
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13.28. 


13.29. 


13.30. 


13.31. 


Ideviity : When the box has its* maximum speed all of the energy of the system is in the form of kinetic crxrgy. 
When the stone is removed the oscillating miss is decreased and the speed of the remaining mass is unchanged The 


period is given by T - 2.r 


Jf 


SET UP: The maximum speed is v tmt - (oA - J— i . W ith the stone in the box ru - S.64 kg and A - 0.0750 m 

fn 


EXECUTE: <u> T - 2*J— - 2.T t |- " U > '- - 0 740 * 

375 Nt'm 


(b> Just before the stone is removed, the speed is »• - ! ~ "N 0.07 SO ml - 0.494 ms . The snecd of the box 


8 64 kg 

isn't altered by removing the stone but the mass on the spring decreases to 520 kg. The new amplitude is 
f m I 5.20 kg 

A - o— 1 (0.494 m s) - 0.0582 m . The new amplitude can also be calculated as 


(0.0750 ml - 0.0582 m 


>.20 kg 
S.64 kg 


(c) 7 - 2xJ— The force constant remuns the same, m decreases, so T decreases. 

Evaluate: Alter the stone is removed, the energy left in th: system is 

“ 71 520 kg(0.4W m ’s)' - 0.6345 J . This then is the energy sieved in the spring at its nvLximum extension 
or compression and jkA 2 - 0.6345 J . This gives the new amplitude to he 0.0582 m, in agreement with our previous 
calculation. 

IDEMITY: Work in an inertial frame min ing with the vehicle after the engines have shut oft*. The acceleration 
before engine shut-off determines the amount th: saving is initially stretched. The initial speed of the ball relative to 
the vehicle is zero. 

SET UP: Before the engine shut off the hall has acceleration .r - 5.IX) m V . 

Execute: < j> F - -kx - ma gives A - — ' y '- * IH ‘ ll ’ - 0.0778 m . This is the amplitude of the 

** k 225 N/m 1 


subsequent motion. 


lb) f - — i— - 1 . ‘ '' m - 1.28 llx 


2,t^.w 2jz y 3.50 kg 

(c) Energy conservation gives Lk.1‘ and v - |—A - 


(0.0778 m) - 0.624 mS. 

m 3.50 kg 

EVALUATE: During the simple harmcenc motion of the ball its maximum acceleration, when x - ±A . continues to 
have magnitude 5.00 til's 1 . 

Idem itY : Use the amount the spring is strctchxl by the weight of the fish to calculate the force constant k of the 
spring, r - Ixjmk. v_ ^ - a A - 2 x/A. 

SET Up: When the fish Kings at rest the upward spnng force |/* | - kx equals the weight mg of the fish. / -IT. The 
amplitude of the SUM is 0.0500 m. 

Execute: (.) mg.*x so k - ,65 ° k ** 9M mV ^ 5.31*10' N/m. 

v 0.120 m 


(b) T - 2x LL - 2x1 _1 —1 _- 0.695 s . 

A y 5-31x10 Mm 

, , ^ . 2 * A 2.r(0.0500 m> n . 

|c> v - 2xfA -0.452 m s 

T 0.695 s 

EVALUATE: Note that T depends only on tn and k and is independent of the distance the fish is pulV^l down. But 
v_„ does depend on this distance. 

I DEN I1TY: Initially part of the energy is kinetic energy and part is potential energy in the stretched spnng. When 
x - ±A all the energy is potential energy and when th: glider has its maximum speed all the energy is kinelK energy. 
The total energy of the system remains constant during the motion. 

SET UP: Imtullv v. - tO.SI5 m s and x - 10.0300 m 
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13.32. 


13.33. 


13.34. 


13.35. 


Execute: <u) Initially the energy of the system is 

£ _ £nn* + ^fcr 3 -4(0.175 kgWO.815 m's) 3 *4(155 N. mH0.0300 m) 3 -0.128 J . ±kA* - ii and 
2 £ /2<0.I28 J) 

k Y 155 N 'm 


0.0406 m - 4.06 cm. 


2£ 

(b> r mv L. - ^ ami v;^ 4 - J- 

nt 


2(0.128 JI 
0 -175 kg 


21 ms. 




155 N m 


- 29.8 rad s 


0.175 kg 

Evaluate: The amplitude and tltc maximum speed depend on the total energy of the system but the angular 
frequency is indcpcn&nt of the amount of energy in the system and Just depends on the force constant of the spring 
ind the mass of the object. 

IDENTTFY: K -4j«v 3 , U $mt - mg\ and V * . 

SET UP: At the lowest point of the motion, the spring is strctclxd an amount 2 A. 

EXECUTE: (u) At the top of the motion, the spring is unstretchcd and so has no potential energy, the cat is not 

moving and so has no kinetic energy, and the gravitational potential energy relative to the bottom is 

2tagA - 2(4.00 kgM9.80 m.'s ! )(0.0S0 m ( _ J.92 I Ilm is I lx- total energy. atxl rt the sartx- total Ibi each part. 

(b) U,_. - 0.AT - 0. 50 ^ 3.92 I. 

(c> At equilibrium the (firing u stretched half as much * it war for pun (a), and mi U v , t - i(3.92 I) - 0.9S J. 

(/^ - 4(3.92 J) - 1.96 J. and ioA' - 0.9S I. 

Evaluate: During the motion, work done by th: forces transfers energy among the forms kinetic energy, 
gravitational potential energy and clastic potential energy. 

IDENTITY: The loeatKin of the equilibrium position, the positicei where the downward gravity force rs balanced by 
the upward spring force, changes when the mass of the suspended obpocl chingcs. 

SET UP: At the equilibrium position, the firing is stretched a distance <i. The amplitude is the maximum distance of 
the object from th: equilibrium position 

EXECUTE: (a) The force of the glue on the lower ball is the up^rd fonre that arcelcratcs that hill upward. Tlie 
upward acceleration of th: two hills is greatest when they have the greatest downward displacement, so this is when 
the force of the glue must be greatest. 

(bl With both balls, the distance J, that the spring is stretched at equilibrium is given by kd { - (1.50 kg * 2.1X1 kg)g 
ind d { - 20.S cm . At the lowest point the spring is stretched 20.8 cm 115.0 cm - 35.S cm . After the I SO kg ball 
falls ofTthe distaixc J : that the spring is stretched at equilibrium is given by A»/% - (2.00 kg)g and J } - 11.9 cm . 

F I (165 N m 


the new amplitude is 35.8 cm -11.9 cm - 23.9 cm . The new frequency is } - —J—- 


2.T V m 2 t \ 2.00 kir 


.45 llz . 


EVALUATE: The potential energy stored in tlie spnng doesn't change when the lower hall comes loose. 
IDENTITY: The torsion constant x* is defined bv r - -kif f - —J— and T - V f . 0(t) - Beast ta * 4) 


SET L’P: For the disk. / - IX/R . r - -FR . At / - 0, 0 - f) = 3.34° - 00583 rod . so - 
r -FR (4.23 NM0.120 m) 


EXECUTE: (a) a*---- 


10583 rod 


1X0583 rod 


(hi _ _L - _ -L / 2k _ _L / 2(8.71 X mrad) 

2.7 \'/ ~ 2^ V (6.50 kg H 0.120 m>* 


S 7 N • in rud 


2.71 11/. T-V f -0.461 s. 


(cl »-2r/» 13.6rad’s. «l) = (3.34 & )cos([l3.6rad*]r). 

EVALUATE: The frequency and period arc independent of the initial angular displacement, so long as this 
displarement is smill. 

IDENTIFY and SET L*P: Th: number of ticks per second tells us tlie period arc! therefore the frequency. We can use 
formula form Table 9.2 to calculate /. Then Fq.(l3.24) allows us to calculate the torsion constant k. 

EXECUTE: Ticks four tinxs each second mollies 0.25 s per tick. Each t»ck is half a period, so 7* - 0.50 s and 
f- IT -1. 0.50 x - 2.00 Hz 


(a) Thin rim implies I-MR 1 (from Tabic 9.2). / ^(0.900* 10 1 kgXO.SS-10 ! m> ; -2.7x!0 * kg in’ 
<b> Tm2x>fFZ mi k- /(2*/T) ! -(2.7x10 ' kg• m 1 K2*70.50 t) 1 -4.3x 10“* N mnxl 
EVALUATE: Both I and « arc small number*. 
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13.36. 


13.37. 


13.38. 


13.39. 


13.40. 


- 2 4 - 


iDlMin: Eq.(l3.24) and T = \tf says T 
Set L’P: i*±mR\ 

Execute: Solving Eq. (13.241 for a* in terms of the period, 
v-jyj ((/2K2.00-10 ' »bK2.20x 10 1 m)')-i.9l«IO ‘ N-mfad. 

EVALUATE: The longer the penod. the smaller the torsion constant 
iDt.Mitv: 

SET L’P: f - 125/(265 s>. the number of oscillations per second. 


Execute: / - 


0.45QN tnr;td 


- - 0.0152 kg m* 


(2 *n (2v(l25)/(265 *)) 

Evaluate: For a larger /./is smaller. 

IDEMIFV: 0(f) ii given by 0(f) - Bcoof off ♦ • Evaluate the derivatives specified in the pcetolem. 

SET L’P: d(cQ*6X)tdi - -«»i \ati . d(sin rt*)tdt - okos ait . sin 2 0rcof 0- 1 
In this problem, <p - 0. 

Execute: <u) a - - -<u 0sio( M i ) and d-il - -n>* ©costo f). 

(b> When the angular displacement is B. 0 « © coslnv) . This occurs at / - 0. so o> - 0. a - -of©. When th: 

/ (.) -oi ©J5 ^5 -of J B 

angular displacement is 6)/ 2, y* Bcos(*tf). or i - cos<rtr y m - --- since sintotf) - —. a --—. since 

CflKfo*) -1/2. 

EVALUATE: co*<<\r)-i when tcA - t/ 3 rad « 60°. At this U costoxi is decreasing and 0 is decreasing, as 
required. Then: an: other, larger values of nr for which 0- 0/2, but 0 is increasing. 
iDEVim and SET L’P: Follow the procedure outlined in the problem. 

Execute: Eq.(l3.25): U -HRJrfY Let r ^ R % +x. 

Apply Eq.(13.28) with /a - —12 and u - +x>% : 


«1 


lor 




ipplv liq.f 13.28) with n - -6 and u - +x R .: 




Thus 1/ =6’ 0 (1-I2x^, +66T 4 //?; -2 + 12^//? l -30x 4 ./t;) = -f/»+36C/»*’/i£. This is in the fomi U ^ lkx : -U, with 
k - 72 UJR[ % which is the same as the force constant in Eq.( 13.29). 

EVALUATE: F - -dU'dx so U{x) contains an additive constant that can be set to any value we wish. If L* -0 
then U = 0 when x - 0 . 

IDENTITY: Example 13.7 tells us that t ' - — I—1— 

2«)|<«/2) 

SETUP: 1 u -1.66x10 *’ kg 

Execute: C * 2 ? SSL ,l.3W,h. 

2t V|oj,i' 2) 2c\|l.008)<l.66>l0 ' ku) 
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13.41. 


13.42. 


13.43. 


13.44. 


13.45. 


EVALUATE: This frequency is much larger than/cikulitcd in Example 13.7. Here m is smaller by a factor of 1.40 
but 4 is smaller by a factor of 1 /700. 

IDIXIIH: T - 2Jt^L/'g is the time for ooc complete swing. 

SET UP: The motion from the maximum displacement on cither side of the vertical to the vertical position is one- 
fourth of a complete sw ing. 

EXECUTE: <u| To the given precision, the small-angle approximation is valid. The highest 
speed is at the bottom of the are. which occurs alter a quarter period. L _ - 0-25 s. 

(b) The same as calculated in <ak 0.25 s. The period is independent of amplitude. 

Evaluate: Fee small amplitudes of swing, the period depends on L and g. 

Idem in: Since the nx>c is long compared to the hciuht of a person, the system can be modeled as a simple 


pendulum. Since the amplitude is small, the period of the motion is T - 2^ /— 

V* 

SET UP: From his initial positicei to his lowest point is one-fourth of a cycle. I le returns to this lowest point in time 
T /2 from when he was previously there. 


Execute: (u> r«2*J. 6,M>m . -5.12s. r» 174^1.2**. 

V9.S0 mV 

|b) r = 3T•’4 -3414 s . 

Evaluate: The period is independent of his mass. 

iDEVnn : Since the cord is much longer than the heiirht of the object, the system can tv modeled as a simple 


pendulum. We will assume the amplitude ot swing is small, so that 7 - 2.T |— . 

' S 

SET Up: The number of swings per second is the frequency f - -L - )— 


Execute: f - — 


SO mV 


D.407 swings per second 


2.r \ 1.50 m 

Evaluate: The period and frequency arc both independent of the mass of the object 
IDENTIFY: Use Lq.l 13.34) to relate the pcnod to g. 

SET UP: Let the period on earth be T k - 2 x^Lg u . where g t - 9.S0 m's J , the value on earth. 


Let the period on Mars he T v< - 2 ir^L f g u * where g„ - 3.71 mV. th: value on Mars. 
W'c can eliminate L. which we don't know, bv taking a ratio: 


execute: ik - 2.T IL-L |£i.- 


-0.60, 

8m 


[U s 


2.60 s. 


3.71 ms* 

EVALUATE: Gravity is weaker on Mars so the period of the pendulum is longer there. 
iDLMin and SET UP: Th: bounce frequency « given by Ivc|.( 13.1 I t and the pmdulum frequency by Mq.( 13.33). 
Use the relation between these two frequencies that is specified in the problem to eakrulate the equilibrium length L 
of the spring, w hen the apple hangs at rest on the end of the spring. 

Execute: vertical SUM: f.-ii L 

2.7 V m 


pendulum motion I smail amphtud:): •- _1 —yjj* 

Tlie problem specifics that f - i-/,.. 

Ik 


X 1 

2,t\ 7 2 2.r V w 

gfL =• kt 4n so L - 4 ffnfk - 4 w/k = 4(1.00 N), l .50 NVm = 2.67 m 
Evaluate: This rs the stretched length of the spring, its length w hen the appV: is hanging from it. (Note Small 
angle of swing neans v is small as the appV: passes through the lowest point, so rs smill and the component of 
mg perpendicular to the spring is small. Thus the amount th: speing is stretched changes very little as the apple 
swings back and forth.) 




Periodic Motion 13*11 


IDENTIFY: Use Newton's second law to calrulate the distance the spring it stretched form its unstr etched length 
when the apple hangs from it. 

SKI UP: The tree-body diagram for the apple hanging at rest on th: end of the spring is given in Figure 13.45. 

v 

Execute: 
kAL-mgmQ 

AL ^ mgfk -= w/k -1.00 NT .50 N-m - 0.667 m 

Figure 13.45 

Thut the unstretchcd length of the spnng is 2.67 m-0.67 m - 2 .00 in. 

EVALUATE: The spring shortens to its unstrctchcd length when the apple is removed 
13.46. Identify: - La . - La' and a - • **'pply conservation of energy to calculate the speed in 

pari (c). 

SET Up: Juit after the sphere is released, a - OanJ a itJ - 0 . When the rod is vertical <i Ut - 0 . 

EXECUTE: (a) The forces and acceleration are shown in Figure 13.46a. a ia -0 anJ a - - #sin0 . 

<h) The forces and accclcruticoi are shown in Figure 13.46b. 

(c) The forces and accclcraticvi are shown in Figure 13.46c. V - K ( gives «?£/.( 1-cosC-)) ' and 

v-^ 2 g/.<l-co»e). 

Evaluate: /Vs the rod moves toward the vertical \ increases, a^ increases and a decreases. 



Figure 13.46 



13.47. Identify : Apply T - 2xy]L (g 

SET UP: The period of the pendulum is T -(136 s)/l00 -1.36 x. 

_ 4 x*L 4**10.500 ml , , 

Execute: g -----—--10.7 m/s J . 

r (1.36 s)’ 

EVALUATE: The same pendulum on earth, w here i r is smaller, would hive a larger penod. 


2 


13.4*. IDF.NT1FY: If a small amplitude is assumed. /-2* . 

‘ S 


SET Up: The fourth term in Eq.( 13.35) wxmld be 


• 3 2 • 5 J 




Exf:c :i:te: <u) T - 2* 


2. 00 


-: 2.84 s 

9.80 m V 


(b) T -(2.84 s>| 1 + —sin 2 150° - — sin*l5.0N -H-sm‘ 15.0° ! - 2. 




2305 


(c) Fu< 13 .35) is more accurate. Eq.(13.34) is in enor by 


2.84 s-2. 


^ - 2 %. 


2.89 s 

EVALUATE: As Figure 13.22 in Section 13.5 shows, the approximation F A - -mgO is larger in magnitude than the 
true value as 0 inrreases. EqX 13.34) therefcce over-estimates the restonng fonre aixl this results in a value of T that is 
smaller than the actual valu:. 
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13.49. 


13.50. 


13.51. 


13.52. 


13.53. 


Identify: T -2t n i ifmgd . 

SETUP: d^ 0200 m. r - (120 s)i'IOO . 

EXECUTE: i (|.Mkg)(9.S0 m/*-')(0’OOro>jir2i!E J -0.129kg.rn 1 . 

EVALUATE: If ihc rod were uniform. its center of gravity vvuukl be at its geometrical center and it would have 
length / - 0.400 m . For a uniform red with an axis at ooc end. / - ymt’ - 0.0% kg* m'. The value of / for the actual 
rod is about 34% larger than thes value 
Identify: T - 2.t n »7 wgd 

SET UP: From the parallel axis theorem, the mcinxnt of inertia of the hoop about the nail is 
/ ^ MR 1 1 MR* - 1MR *. d^R. 

EXECUTE: Solving Uw R R - gT\i*x‘ - 0.4% m. 

CVAUiATE: A single pendulum of length L- R has period T - 2xyjft'g . The hoop has a period that is larger by a 
factor of Jl. 

IDENTIFY: For a physical pendulum. T - 2jrJT7mgJ and for a simple perxlulum T - 2.T ^Llg . 

SET UP: For tb: situation described. I -ml: and*/ - L . 

Execute: r - 2 t pi-= 2 t s /I 77 . so the two expressions are the same. 

\ 

Evaluate: Eq.( 13.39) applies to any pendulum and reduces to Eq.( 13.34) when the conditions for the objo^ to be 
i simple pendulum arc satisfied. 

iDlYiin: Apply Kq.< 13.39) to calculate / and conservation of energy to calculate the maximum angular speed. 

SET UP: d - 0.250 m In part <b). \\ - */(l -cos0). with 0 - 0.4IX> rad and y\ - 0 . 

Execute: <n) Solving F.q.< 13.39) for /. 

. . , 0.940 s 

I mgd -| 


!*iL' 


Sflkg)(9.S0 m/.’U02S0 m) = 0.09&7 kg m 1 . 


(b) The smallanglc approximition will not give three-figure accuracy for 0 - 0.400 rad. From energy 
considerations. mgd(\ -cos C-)| - i/H ^ . Impressing in terms of the peried of small-angle oscillations, this 
becomes 

a - - ^ 2 (t) ! ('- c “ * J 2 (o^b) : 0 - c «( O4 «° '*•)) 

Evaluate: The time for the motion in part (b) is t - 7*. 4 . so Q, - AO* At - (0.400 rad) (0.235 s) - 1.70 rad's. 
fl increases dunng the motion and the final fi is larger than the average O. 

IDSAIIFV: Penduhim A can be treated as a simple pendulum Pendulum B is a physical pendulum 

SET Up: For pendulum 8 the distance d fn>m the Axis to the center of gravity is 3/. >4 . / - i(«i / 2 )L* for a bar of 

mass m. 2 and tb: axis at ooc end. For a small ball of mass m 2 at a distance 1. from the axis, / — (ml 2 )L . 


Execute: Pendulum A: r,-2*^1—. 

Pendulum B: /^/ w - i(/w/2>/.* + (m/2)I J ~^mL : . 


/*„ - IxJ—L— - 2xJ —- 2* I— yjj t 2* f— | - 0.943. The period is longer fc»r pendulum A 


Evaluate: Example 13.9 shows tbit for tb: bar alone. T - - 0.S16 T A . Adding the ball of equal miss to the 

end of the rod increases tb: period compared to that for the rod alone. 
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1X54. 


13.55. 


13.56. 


13.57. 


13.58. 


IDENTITY: The ornament is a physical pendulum: 7* - 2xJUrngd (Ixj. 13.39V T u the target variable. 

SET UP: / - SMR'f 3. tlx nximent of inertia about an axis at the edge of the sphere, d is the distance from the axis 
to the center of gravity, which is at the center of the sphere, so d - R. 

Execute: T - IxJsHjRtg - 2t<JS/ 5 % /0.050 nV<9.K0mx*) - 0.58 s. 

EVALUATE: a single pendulum of length R - 0.050 m has period 0.45 s. the period of the physical prndulum is 
longer. 

IDENTITY: Penduhnn A can be treated as a simple pendulum. Pendulum 8 is a physical pendulum Use the parallel 
axis theorem to find the moment of inertia of the ball in B for an axes at the top of the string, 

SET UP: For pendulum B the center of gravity is at the center of the hall, so d - L . For a solid sphere w ith an axis 
through its ccntcT. / 4M - L\lR l . R - U2 and f m = . 

I 

8 

Pendulum B: The parallel-axis theorem says / - / + Ml! - ±Ml !. 

lusfiT fflY IT* /FT . ( , . 

- 1.057 . It takes pendulum B xmger to complete a swing. 


Execute: Pendulum d: T -2x I— . 


r - z.z 



- 2,7 


- . _| 2.T 1- I 


iauw. viu 


EVALUATE: The center of the ball is the same distanre from the top of the string for both pendulums, but the mass 
is dixtnbutcd ditVerently and / is larger for pendulum B. even though th: misses arc the same. 

IDENTITY: If the system is critically damped or ovenlamped it doesn't oscillate. With no damping, m - Jm k . 


k b'' 

With underdamping, the angular frequency has the smaller value to - % {.— - -— 


Set Up: m - 2.20 kg. k - 250.0 N m . T — and w ~ -— 

6 T 0.615 


10.22 rads 


Execute: <u> ex 




2500 N m 

2 20 kg 


10.66 rad t. at < to *o «hc *vMcm i» iLunivd to - -- ir ivcN 


6-2..I.I- to" - 2(2.20 kui 


;0.0 N in 


-<10.22 rad-) ! - I J.i ksi . 


2.20 kg 

(b) Since the motion has a period the system oscillates and is underdamped. 

EVALUATE: The critical value of the damping constant is h - 2 Jkm - 2 % «’< 250.0 N.’m K2-20 kg I - 46.9 kg s . In this 
problem b is much less than its critical value. 

IDENTITY and SET UP: Use Fq.( 13.43> to calculate ed % and then /' - eftlx. 


(a) Execute: */ = Jr*fo)-(6 J .'4iir*)a l ----- 2.47 rads 


2.50 N m (0.900 kgs)' 

# 0.300 kg 410.300 kg>* 

/ - <a/2x = (147 radi's|/2.T ^ 0.393 Hz 
(hi Identity and SET Up: The condition for critical damping is b - 2>/lm (Eq. 13.441 
Execute: h ^ 2 S I(2.50 N m)<0.30(> kg) ^ 1.73 kg s 

Evaluate: The value of b in part (a) is less than the critical damping value found in port lb). With no damping, the 
frequenev is f - 0.459 Hz. the dampine reduces th: oscillation frequency. 


IDENTITY: From l:q.| 13.42) A.. - A x exp |-^Lf |. 

SETUP: ln(0 = -* 

_ . 2rf (d | 2(0.050 kg). ( 0.300 m , 

EXECUTE: A--In — --__£_ln —- -0.0220 kg s. 

/ I A.) 15.00 s) ! 0 100 m* * 

EVALUATE: As a check, note lhat the oscillation frequency is the same as the undamped frequency to 

4.8x10 % so Eq.< 13.42) is valid. 

Identity: x(t )is given by Eq.( 13.42). v, - dx'dt and a, -d\ jdt . 

SET UP: d(cm(dtydl - -wanext . diunexiVdt - ai'oos mi . die w )Vi - -ae . 

Execute: <u) With ^ ^ o. .r(0) - A . 


13.59. 




13-14 Chapter 13 


13.60. 


13.61 


13.62. 


13.63. 




slopes down 

(«> a^^Ac^- 


Km 


qi 7 - ft* sin ft/l I. and at / - 0 . \\ = -^4iW2m: the graph of .v versus / near < - 0 

, ^6 . . 1 , n / h 3 ,A f b' k \ 
t + sin ait L and at t -0. a t ■ At r -» - >4 —— L 

2» . I*-* 1 IS* «; 


(Note that this is (-6v, -A*,)/».I Hi is will be negative if b < >/2Aiw. zero if h - <Jlkm and positive if h > <j2km. 
The graph in the three eases will he curved down, not curved, or curved up. respectively. 

EVALUATE: a t ( 0 ) - 0 cancsjKinds to the situaticoi of critical damping. 

Identify: Apply Eq.(l3.46). 

Si:r L’P: & t - *jk?m corresponds to resonance, and in this ease Eq.(l346) reduces to A - F t ^ k jbo) i . 

Execute: <u> A /3 
Ib> 2/4, 

Evaluate: Note that the resonance frequency is impendent of the value of b. (See Figure 13.28 in the textbook!, 
lot.s IIIV and s»:r UP: Amlv Eq.( 13.461: A - 






Execute: <u) Consider the ipecial ca*e where k -nintj -0. mi A - F„Jhto t and h - F^JAa,. Unit* of -— are 

—- — . kit'*. for unib comutency I lie unit* of* mini be lea'*. 

(mK* ) 

(b> Unit* of Jkm : ((N:m|kg) ! -(N kg m|" J - ((kg mi'Hkgl'ml''' - (kg 1 /* 1 )'” - kg *, the same as the units for b. 
(c> For co t - JkJm (at resonance! A = {F tm Jbylmik. 

(i) b = 0.2yfim 

A*F -!- Lx- = S.oL^. 

V A 0.2 k k 

(ii> b 

A = F & -!--^ = 2.5^. 

V A 0.4 jAm 0.4A k 

EVALUATE: Both these results agree with what is shown m Figure 13.28 in th: textbook. As b in:reuses the 
maximum amplitude decreases 

Identify: Calculate tlic resonant frequency and compare to 35 II/. 

SET UP: io in rad % is related to/in 11/ by m - 2t/. 

Execute: The rcsocafit frequency k yftm -^(2.1x10* N m)/10K kg - 139 rad s - 22.2 Itz, and this package docs 
not meet the criterion. 

EVALUATE: To make the package nxet the requirement, increase the resonant frequency by increasing the force 
constant A. 

Ides IIFY: /tw - -Ax so a - —4 - to’A is the macnitude of the acceleration when x - 1.4 . v - .1 —A - toA . 

m 

r-!L,¥L 

i i 

SKI Up: a - 00500 m . a>- 3500 rpm - 366.5 radi . 

Execute: on - eSA - (3665 md*> ; (0.05fl0 ml -6.?2y10‘ mi ; 

(b> 1 1".',., - (0450 kgX6.72-10‘ mi 1 ) a3.02x10 l N 

(c> »■_ -oiA- (366.5 radiK0.05fl0 ml-18.3 mi. A'_. ^ i/in',. - i(0.450 kgXlS.3 m *) ! - 75.4 J 

(e> a tmAA is proportional to to ". so increases by a factor of 4. to 1.21x10* N . v mm is proportional to ra. so 

v doubles, to 36.6 m s. and K tmt increases by a factor of 4. to 302 i. In part td). I is halved and K is quadrupled, so 

/> increases by a factor of 8 and becomes 1.41 x 10* W . 




Periodic Motion IMS 


Evaluate: Tot a given amplitude. the maximum acceleration and maximum velocity increase when tlx frequency 
of the motion increase* and the period decrease*. 


13.64. iL’t.MltM T 


-4 


Tlic period change* when the mass chanucv 


Si:r UP: M is the mans of the empty car and the mas* of the loaded car is .1/ t 250 kg . 

f W 1.1/ ^ 250 kc 

Execute: The period of the empty car is T t - 2.r.,—. Tlx period of the loaded car is T L - 2.rA ---- 


t a (2S0 fcgK9.H0 mfi'l _ ^ |25 ., P Nm 
4.00x10 * m 


X*-250 kg -j ; (6.125x10* N/m 1-250 kg-1.56*10* kg. T % - 2,t ^ \ 


- 1.QQ a . 


EVALUATE: When the miss decreases, the period decreases. 

13.65. IDENTIFY and SET UP: Use Uqs. (13.12). f 13.21 > and (13.22) to relate the various quantities to the amplitude. 
Execute: (u) T - 2*Jm.'X; independent of A so period doesn’t change 

/ = VT; doesn’t change 
to - 2 r/; doesn’t change 

<b) E - ^X/T when x - ±A. When A is halved E decreases by a factor of 4; E } - E/4. 

(c> Y^mA^lx/A 

v^ ( - 2 xfA l% v^ 3 = 1x/A 3 </ doesn't change) 

Since A i - 2.rf(±A i )-+2*/^ \\ mt is one-half as great 

(d) v 4 - i JkJmjA 1 -x 3 
x — ±A/4 give* r t - iyfkmyjA 1 - ^.'16 

With tlie original amplitude v u = - A /16 -1^5.16( yjk. iwM 

With the reduced amplitude - ±Jtm<jA( - Aft 16 ^ tJk.m^A/2)’ - .<*.'16 ^ tyJV\6(>JkM)A l 

vjv lt — *J\5 ?3 - y5 % so Vj - v/>f5i the speed at thix.v is \/yfs tinxs as great. 

<e) U — 4Xf; same x so xanx U. 

K - r”' 1 ;- 

A ': )-A7S; 1/5 Iitc* at great. 

Evaluate: Reducing A redtxes the total energy but doesn't atTcct the pchod and the frequency. 

13.66. (a) 1DEMIFV and Sl.1 Ur: Combine Eqs. <13.12)and <13.21) to relate v andx to T. 

Execute: T - 2t s tmk 

We arc given information about v at a particular x. The expression relating these two quantities comes from 
conservatism of energy: 4*wv* + 7^ * ^kA m 

We can solve this equation for Jmik . and then use that result to calculate T. mv\ - k{A* -x 1 ) 

E N'l'-t 1 V( 0 . 1 fl»mr-( 0 .OM.n~ 

YX i 0.300 m's 

t 

Then T - ^ 2x(0.267 *) = 1.68». 

th) IDENTIFY and SET Up: We are asked to relate x and »,, so use conservation of energy equation: 

*t* -Li'-mv] 


-(»'*)i; - J(0.I00 ml" -(0.267 »)'(0.160 ml) 1 - 0.090 m 
Evaluate: Smaller |» a | means larger x. 

(c) IDENTIFY: If the xlxe doesn't slip tlx maximum acceleration of the plate I Eq. 13.4) equals the maximum 
acceleration of the slice, which is determined bv applving Newton's 2nd law to the xlxc. 
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13.67. 


13.68. 


SKI UP: For the plate. -Lx - ma t ami a t - —{k/m\x. Tb: maximum |v| is A* so a^ -(L'm)A. If the carrot slice 
doesn't slip then the static friction force must be able to give it this much acceleration. The tree-body diagram for tb: 
carrot slice (miss m' > is tnven in Figure 13.66. 



Execute: £/* -ma 
n - m’g - 0 
" u *'g 


Z F - — 

fi.n - ma 

and a-/i 4 g 

Hut we require that a - a = {L'm)A - u.g and 


-!—I') °- l0 °" 1-0.143 

mv ! 0.267 s; 1.9.80 m«V J 


EVALUATE: We can write this as }t K - of A'g. More fraction is required if the frequency or the amplitude is 
increased. 

I DEMUX: The largest downward acceleration the bull can have is g whereas the downward acceleration of tb: tray 
depends on tb: spring force. When the downward acceleration of the tray is greater than g. then tlie ball leaves the 
tray. ></) - A cos(wf + . 

SKI UP: The downward force exerted by the spring is F - kJ , wlxre J is the distance of the object above the 

F U 

equilibrium point. The downward acceleration of the tray has magnitude-. where «i is the total mass of the 

ball and tray, x - .-1 at / - 0 . so the phase angle d x * and is downward. 

Execute: (■) — _ g give* d~ — - 1 - — — - 9.40 cm. Thu poinl is9.40cmabove tb: 

m k 185 N/m 

equilibrium point so is 9.40 cm *• 15.0 cm - 24.4 cmabove point A. 

T Jiss N m 


i"i 


... V 1.775 kg 


- 10.2 rad s . Tb: point in tai is above tb: equilibrium point so x - -9.40 cm . 


x - .4 cost mr) gives fat - accent! — - anreos j *’ '*‘ u - 2.25 rad . / - ~ t,u ‘ 0.221 s . 

A 15.0 cm 10.2 rad s 


|c) lkx> -ILA* gives -x*) ^ ^ 


1(0.150 m f -\-0im0 mf) = 1.19 


r. ■ 


EVALUATE: The period 


iod is f - 2jrJy 


0.615 s. To uo from the lowest point to the hiuhest point talcs time 


772 = 0.308 s . The time in tb) is less than this, as it should b:. 
iDKVim: In SUM. a,^ - -^—A . Apply Yf ‘ tf to tb: top block. 

SET L*P: The nuumum acceleration of the lower blcck can't exceed the maximum accekration that can be given to 
tlie other Mock by the friction force. 

EXECUTE: For block m, the maximum friction force is f % = n % n - /i t mg . * nttf. gives p % mg - /tj and 

- v & - Then treat both blocks together and consider their single harmonic motion, a =‘ 


\{ t »\ 


. . Sc: 


j aivd solve for A //#- 


Mrm) K 


EVALUATE: If A is larger than this the spring gives tlie block with mass 3/a larger acceleration than friction can 
give the other block, and the first block accelerates out from underneath the other block. 

IDENTIFY: Apply conservation of linear momentum to the collision and conservation of energy to the motion after 


the col. 


, * Jr 

i*u>n. / = — |— 

2x\m 


and T = —. 

f 


13.69. 
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13.70. 


13.71. 


13.72. 


SET L ! P: The object return* to the equilibrium position in tunc 772 . 

Execute: <u> Momentum conservation during the collision: m\\ - <2 m)V . V ~ -Lv, - 1(2.00 m/s) - 1.00 m/s . 


Energy conservation after the collision: — A/I'’ - — kx'. 


x 




^gXI.OOny,)- - 0.5X) m (amplitude> 
8Q.0 N»'m 


= 0.318 II/. r-- 


}.14 *. 


/ 0.3 IK 11/ 


2 r ' 2 .t\ 20.0 kg 

(b) It takes 1/2 period to first return -j<3.14 s) - 1.57 s 

Evaluate: The total mechanical energy of the system determines the amplitude. The frequency and penod depend 
only on the force constant of the spring and the mass that is attached to the spring. 

IDENTITY: The upward acceleration of the nxkct produces an effective downward acceleration for objects in its 
frame of reference that is equal to g' - a + g . 

SET L’P: The anplitudc is the maximum displacement from equilibrium and is unaffected by the motion of the 

rocket. The penod is atTectcd and is ujvcn by T - 2.r . 

V£* 


1.10 


Execute: The amplitude is S.SCT. T = 2xJ ---=1.77 s. 

V 4.00 m's* + 9.S0 m's* 

EVALUATE: Few a pendulum of the same length and with its point of support at rest relative to the earth. 


T -2.r j— = 2.11 s . The upward acceleration dxreases the period of the pendulum. If the rocket were instead 

v* 

accelerating downward, the penod would be creator than 2.11 s. 


Identity: The object oscillates as a physical pendulum, so / = -— 


l.*sc the pirallcl-axis theorem. 


/ - I + Sid '. to find th: moment of inertia of each stick about an axis at the hook. 

SET UP: The center of mass of the square object is at its geonxtrical center, so its distance from the hook is 
Lem 45° = Lf<Jl . The center of mass of each stick is at its geometrical center. Fee each stick. ! um = j r mlS . 
EXECUTE: The parallel-axis theorem gives / for each stick for an axis at the center of the square to be 
x-ml* + nt< /. ■' 2) } --/«/.* and th: total / for this axis is Lml: . For the entire object and an axis at the hook, applying 
the parallel-axis theorem again to the object of maw 4w gives / - 4 ml} ♦ 4m{U*f2)* - ILmL -. 

s7f(i^)“ 0 - 92l (i^)' 


'“s 






ZmL‘ 


J 2x 

EVALUATE: Just as for a simple pendulum, the frequency is independent of the maw. A simple pendulum of length 


L has trequeiXY f 


■M 


and this object has a frequency that is slightly lew than this. 


I DEN 11TY: Conservation of energy says 
SET CP: 6’ = ±kr : aixl £ = V^ . 

Execute: (u) The graph is given in Figure 13.72. The following answers arc found algebraically, to be used as a 
check on the graphical method. 

^ J 2(0.200 J) 

- I- 0.200 m 

Y110.0 Mm) 

(c > 4 = 0.0501. 


(d) f/=4£. > =-^L = 0.141 m. 

(*> from l:q. ( 1 3. 18 ). using v. -and v, - — -v 1 !-*', ™) _ 

1 8 ’ V« fr jnzqizuT) 

0 - an;Ian 1^0.429) ^ 0580 rad . 


129 and 




13-IS Chapter 13 


13.73. 


13.74. 


13.75. 


EVALUATE: The &pcndcncc of U on x is not linear and V - 46*^ does not occur at x - 2x r ^ . 


r»ji 



iDEMlFM T 


-4 


03 the period changes because the mass chances 


SET UP: — - -2.00 x lo kg's . The rate of change of the penod is 

dl dt 


Execute: (u> When the bucket « half full, m - 7.00 kg. I ^ -1.49 «. 

... 1 IT 2.T (l , !, _ 2.T I .• dm ,r dm 

(l>)-——i m I-— -- ■ - 

dt 4k dt 4k ‘ dt 4mk dt 


(- 2 . 00 x 10 1 kg's) - - 2.12 xlO" 4 s per s iL is negative: the period is getting shorter 

dt 


dT 

~ kgKl25N.m) 

(c) The shortest period is when all the water has leaked out and n\ - 2.00 kg . 7T»cn T - 0.795 s . 

EVALUATE: The rate at which the penod changes is not constant but instead increases in time, even though the rate 
it which the water flows out is cceistant. 

Idi.n im: Use F. - -kx to determine k for \\k wire Then f J—. 

2*\nt 

SET Up: F - mi? moves the end of the wire a distance Af . 


EXECUTE: the h>:cc constant lor this wire is k - 


my. 


1 Ik 


a 


I Htiom/? 


• 50 / - — ~ T’m TT ~ 


2xU 2.00*10 m 


-11.1 Hz. 


EVALUATE: The frequency is independent of the additional distance the ball is pulled downward, so Song as that 
distanre is small. 

IDEYT1FY and Set UP: Measure x from the equilibrium position of the object, where the gravity and spring forces 
balance. Let +x be downward. 

(a) Use conservation of energy (Eq. 13.21) to relate v t and x. Use liq. (13.12) to relate T to km. 

Execute: 4mv; +±kx : -4L4* 

Far x - O.rwrJ - ±kA* and v - AjkJnu Just as for horizontal SUM We can use the period to calculate 
4km : T - 2x Jmk implies Jkm - IxfT. Thus v = 2jtAT - 2x (0.100 m ).'4.20 s -0.150 m s. 


<l» Identify and Set Up: Use Eq.(l3.4) to relate a t andx. 

Execute: ma, - -kx %oa t - ~(klm)x 

■t.r -direction is downward, so here x — -0.050 m 

a t - -(lr.T)* % <-0.050 m) - -t<2.e>4-20 s)‘(0.050 m) - 0.112 nVs J (positive, so direction is downward) 

<c> Identify and SET Up: Use i!q.( 13.13) to relate x and r. Th: tm»: asked far is tw ice the lime it takes to go from 
x - 0 to x - -tO.OSO m 
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13.76. 


13.77. 


Execute: x{t) - AcoaUat + **) 

Let $$ = -x/2, xi x - 0 at / - 0. Then x - .Tcoslox - xi 2) - A%mn* - Asinilxt'T). Find the lime / that give* 
x ^ +0.050 m: 0.050 m ^ <0.100 ml sin(2.r/.T) 

Ixi. T - arcxin|0.50> ^ x/6 and / ^ 7712 ^ 4.20 *12 ^ 0.350 s 
The time asked for m the problem is twice ihrs. 0.700 s. 

<d) iDEVnFVJ The problem is asking for the distance J thit the spring stretches when the object hangs at rest from it 
Apply Newlon’s 2nd law to the object. 

SET UP: The frec-body dugram for the object is given in Figure 13.75. 

Execute: 
mg-kti* 0 
J^(mk)g 




ll.il Jim - 2.T.T (part (■)) and m < - (T/2s)' 



4.20* 

~r~ 


' 9 . 


m'* 1 ) - 4.38 m. 


EVAliiATE: When the displacement is upward (purt (b)X the acceleration is downward. The mass of the partridge is 
never entered into the calculation. We used just the ratxi f 'w. that is determined from T. 

IDIAIIFV: x</) - Ac os<rtf , r - -AivsiniM + fund ff - -m : x . a>-2k > T . 

SET UP: x = A when ( - 0 gives ^ - 0. 


Execute: 




a) Substitution gives x - -0.120 m. or using / - ^ gives x - A cos 120 : - -+L 
hi Substitution gives nuj - *{0.02(10 kg)|2.106 m/s : l- 4.21x10 * % N, in the + .r-dircctior 



arccos 


”3-4/4 

1 


- 0.577 s. 


<dl Using the tin*: found in part (c), v - 0.665 ms. 

Evaluate: We could also calculate the speed in part (d> from the conservation of energy expression. 1^).( 13.22). 
IDLVIIH: Apply conserv ation of linear momentum to the collision between the steak and the pan. Then apply 
conservation of energy to the motion after the collision to find the amplitude of the subsequent SUM. Use l:q.(13.12) 
to calculate the period. 

(a) SE T UP: First find the speed of the steak just before it strikes the pan. Use a coordinate system with +y 
downward. 

v*, - 0(released from the rest); y- y 0 = 0.40 m; a, - *9.S0 m s*; v, -? 


+2a.0'-y,) 


EXECUTE: - -t^2o,(.v->.) - +J2I9.H 0 mS‘)(<>.40 m) = -t’.KO nv. 

SET Up: Apply conservation of momentum to the collision between the steak and the pan. After the eollisxm th: 
steak and the pan arc moving together with common velocity \\. Let A be the steak and H be the pan. The system 
before and after th: collision is shown in Figure 13.77. 

—x - 

*4, - 2-aOiVs 

.,,-0 

y 

Kfurc 

Figure 13.77 
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13.78. 


13.79. 


Execute: P, conserved: m s v M% t «*»•*, )v ir 

"*A r **<*4 + *»j)V* 

12 ku 




2.2 kg -t 0.20 kg 


(2.80 ms»-2.57ms 


do Set UP: Conservation of energy applxd to the SI I.Vl give* jtr in* r j&xj - 4^1 J where v 0 and x ( are the initial 
speed and displacement of the object and where the liisf&ecmcnt is measured from the equilibrium position of the object. 
EXECUTE: The weight of the steak will stretch the spring an additional distaixe d given b y id - mg so 

d - — 1 ~ " x ' r * 1U ’ - 0.0539 m. So just after the steak hits the nan. before the nan has had time to move. 

X 41 X 1 Nm 

the steak plus pan is 0.0539 m above tb: equilibrium positxin of the combined ctoject. Thus x* - 0.0539 m From part 
(a) v - 2.57 m s. the speed of the combined object just after the collision. Then inn ,* +ikrf --LC’ gives 




im-i+bt; 2.4 kgt 2.57 ms)** 
^ = V-*- = V-40 

It) r - t - 2,1 I " J kg - <1.49 * 


(400 MmM0.0539 ml 


- 0.21 


400 Nm 


400 N m 

EVALUATE: The amplitude is less than the initial height of the steak above the pan because mechanical energy is 
lost in the inelastic collision. 

IDE\ IIP^: / - — i— . U« enemy considerations to find the new amplitude. 

2,7 W 


SET UP: / -0.600 Itz. m - 400kg; / - gnesA - 5685 N m. This is the effective force constant ot tb: two springs. 

(a) After the gravel sack folk off, the rcmiining mass attached to the spnngs is 225 kg. The focec constant of the 
springs is unaffected, so / - 0.800 II/. To find the new amplitude use energy considrrations to find the distance 
downward that the beam travels alter the gravel falls off. Before the sack folk otT. the amount Vo tliat the spring is 
stretched at equilibrium is given by mg -Lv,, sor 4 - mg A - {400 kgX9.80 m>'s J ).'(5685 N :ml - 0.689S m The 
maximum upward displaccnxnt of the beam is A - 0.400 m above this poont. so at this point the spring is 
stretched 0.2895 m. With the new mass, the mass 225 kg of the beam aloex. at equilibrium the spring rs stretched 
mffk -1225 kgH9 K0m V)/<56H5 N'm>- 0.6895 m. The new amplitude a Ihcrcliirr 0.5879 m- 0.2S95 m - 0.098 m 
The beam moves 0.098 m above and below the new equilibnum position. Energy calculations show that v - 0 when 
the beam is 0.098 m above and below the equilibrium point. 

(b) The remaining mass and the spring constant is the same in part (a), so tb: new frequency is again 0.800 II/. 

The sack falls ofTwhen tb: seeing is stretched 0.6895 m. And the speed of the beam at this point is v - A>Jh/n - 
(0.400 m»^<56S5 N. mV<4(Xl kgl - 1.50S m s. Take y ■= 0 at this point. The total energy of the beam at this point, just 
after the sack foils off, is E - K +U d +V 9 „ - f(225 kg Ml -508 ms J )-t 445695 N.m)0.6895 m>*+0- 1608 J. Let 
this be point 1. Let pomt 2 be where tb: beam lias moved upward a distance d and where v - 0. 

£ % - lk( 0.6985 m - d\ t uigd. E x - E } gives d - 0.7275 m . At this end point of motion the spring is compressed 
0.7275 m 0.6895 m - 0.0380 m At the new equilibrium position the spring is stretched 0.3879 in. so the new 
amplitude is 0.3789 m ♦ 0.0380 m - 0.426 m. Energy calculations show that v is also zero when the beam is 0.426 m 
below the equilibrium position. 

Evaluate: The new frequency is independent of the point in the motion at which the bag falls otT. The new 
amplitude is smaller than the original amplitude wbm the sack falls oft* at the maximum ipward displaccnxnt of the 
beam. The new amplitude is larger than tb: original amplitud: when the sack falls oft* when the beam has maximum 
spred. 

iDEMin and SET UP: Use Eq.( 13.12) to calculate g and use Ile|.| 12.4) applied to New Ionia to relate g to the mass 
of the planet. 

Execute: The pendulum swings through t cycle > n 1.42 s, so T- 2.84 s. L - 1.85 in. Use T to find g: 

T - l.TyfLg so g - UlxiTY - 9.055 nvs* 

Use g to find the miss .l/ f of Newtonia: g - GM^R] 

-5.14x10'm. so R -8.18x10* m 
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13.80. 


13.81. 


13.82. 


13.83. 


EVALUATE: # is similar to that at the surface of the earth. The radius of Newlonia is a little less than earth's radius 
and its mass is a little more. 

IDENTIFY: F, = -<fcr allows us to calculate X*. r - lx\fm>k . x(f) = Aco^cX -*■ . F tmt ~ -kx . 

s»:r UP: Let ^ - x/2 so x(f) - rfsinftuf > At / - 0. x = 0 and the object is moving downward. When the object is 

below the equilibrium position, is upward. 


Execute: <u) Solving 1*4 (13.12) for m , and using *~T7 


'■i 


r v r 


40.0 N" 


- 4.05 kg. 


2ir/ £d \2x) 0.250m 

(b) r - <0.3S)F, and so t - -^smI2x(0.35)] - -0.0405 m. Since r > J"4, the mass has already passed the lowest point 
of its motion, and is on the way up. 

(c) Taking upward forces to be positive. F - - -kx % where x is the displarcment from equilibrium. 


so/ 1 ;.., - -(160 N.'mM-0.030 m)»<4.05 kg|(9.80m'i’l-44 5 N. 

EVALUATE: When the object is below the equilibrium position the net force is upward and the upward spring force 
is larger in magnitude than the downward weight of tbr object. 

IDEVYIFY: Use Lq.( 13.13) to relate vand /. F- 3.5 s. 

SET UP: The motion of the raft is sketched in Figure 13.81. 

Ld the raft be at x = +A 
when t - 0. Then p -0 and 
a</) = ^cosAT. 

Figure 13.81 



EXECUTE: Calculate ih: time it takes the raft to move from x = +A - +0.200 m to.r - A -0.100 m = 0.100 m. 

Write the equatxm for x[() in terms of T rather than m: o - 2t (T gives that v(f) = AcxxsilxFT) 
x - A at f = 0 

x -0.100 in implies 0.1 CXI m - (0.200 m) co*(2x/T) 
cos (Irf.'F) ^ 0.500 so 2xtfT arccos(O.SOO) = 1.047 rad 
r = (772 t(<I. 047 rad) ^ (3.5 rad) = 0.583 s 

Tlus is the time for the raft to move down from x - 0.200 m to x - 0.100 m. But people can also get oft* while th: raft 
is moving up from x » 0.100 m to x - 0.200 m. so dunng each period of the motxin the time the people have to get 
off is 2/ - 2(0.583 s) = l.l7 s. 

Evaluate: The time to go from x - 0 to x - A and return is J72 - 1.75 s. The time to go from x - Ail t oA and 
return is less than this. 

iDfA llFY: T « licit* . f*,(r) - -b to determine k. 

SET Up: Example 12.10 derives F(r) - 

K 


Execute: a - F m is in the form of I;q.( 13.8 K with x replaced hv i\ so the motion is simple harmonic. 


G.U % m 


of - — - -— . The period is then T - — -lx I— - 2x 


R' R k 


5.38*10 m 


--5070 s or 84.5 min 


i 9.80 m s 

EVALUATE: The period is independent of the mass of the object but decs drpend on R k . which is also the 
amplitude of the motion. 

iDEvntY: If - kx . then <o = . Calculate F^ . If it is of this form, calculate k 

SET Up: The grav itational force between two point masses is F t = G —and is attractive. Tic forces on 3/ are 
sketched in Figure 13.83. 





# jh 

figure 13.83 
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13.84. 


13.85. 


13.86. 


13.87. 


EXECUTE: <u> /* - J(d/2) 2 *x 2 » dtl , if x « d . la nO - . The net force is toward the original position 

of 3/and has magnitude F tmt - 2 G — . sin/?. Since 0 is unall. sin/?» tan/?*—-and - ! ———— I.v. This is a 

(d/2) d V d 

restoring force. 

(b) Coirparing the result in part (at to F^ - to gives k - --— a 


k 4^ |'03f r 2.T xd / d 

m 7\~J~ TygS? 


0.250 


7* - 11 ~ ' 11 I- " = 2.40 x I0 l s - 40 min . This period is sheet enough that a 

2 y(6.67xl0 N-m ifcg M100kg) 

patient person coukl measure it. The experiment would have to be done such that the gravitatxmal forces arc much 
larger than any other forces on \f. The gravitaticeial forces are very weak, soother forces, such os friction, forcer 
from air currents, etc., would have to be kept extremely small. 

(d! If M is displaced toward one of the fixed masses there is a net force ewi 3/ toward that mass and therefore away 
from the equilibrium positionof M. The net force is not a restoring force and 3/ would not oscillate, it would continiar 
to move in the direction in which it was displaced 

EVALUATE: The period is very long because the restonng force is very small. 

(DIM m: V(x ) - U (**) = J Fdx . In part thi follow the steps outlined in the hint 

SET UP: In part <ak let x,, - 0 and 6*( 1 b) = U r <0> = 0 The time for the object to go from x - 0 to x - A is T4 . 
Execute: (u> V •= -j ‘ Fdx - cj ‘ x l dx - Lx 4 . 

(b> From conservation of energy, imf v - % so ■ j ^j-j—df. Integrating from 0 to .*1 with 

respect to .r and from 0 to T/4 with respect to /, | 


—-2J- I — — To use the hint, let u - —. so that 

777? V2»4 A 

dx - a du and the upper limit of the u- integral is u - 1. Factoring A' out of the square root, 
if /" - — = I—r. which imy beexpressedas I = lli li 

< J "T7 * V32m 1 A Vf 

(c) The period does depend on amplitude, and the motion is not simple harmonic. 

EVALUATE: Simple harmonic nxition requires F t - ~kx . where k is a constant, and that is not the case here. 
IDENTIFY: Find the vcoirpcxvcnt of the vector v u in Figure 13.6a in the textbook. 

Set Up: \\ = -v^sintf and 0 = at + p . 

Execute: v 4 = -v u sin 0 . Substituting for v u .and 0 gives Lq.( 13.15). 

EVALUATE: At t — 0. Q is on the .r-oxis aixl has zero component of velocity. Tins corresponds to \\ - 0 in Eq.( 13.15). 
IDEMIFY: - P A . K - p 2 f2m for a single object and the total kinetic energy of the two masses is Just the sum 

of their individual kinetic energies. 

SET UP: Momentum is a vector and kinetic energy is a scalar. 

EXECUTE: (u) For the center of miss to be at rot. the total momentum must be zero, so the momentum vectors 
must he of equal magnitud; but opposite directions, and the momenta can be represented as p and - p 

r* P* 


lui 2(m'2) 

(c> The argument of part (a) is valid for any masses. The kinetic cneruy is 

p‘ 




m * ni 


2/M . 2m i 2 V ) WW^IJ 

Evaluate: If m ( - /w % - m . the reduced mass is m :2 . If tr^ »m i% then the reduced mass is «i v . 

IDIN nf\: F - -dU.'dr . The equilibrium separation /• is given by F(r ) - 0. The force comiant k is defined hv 


r. - -to. / - . |— . where m is the reduced mass. 

2/T \ ffi 
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3. 


SET Up: = -»/. far n £ I. 

Execute: 




(b) Selling tbe above expression for /* equal to zero, the term in square brackets vanishes, so that —L. or 

' r * ^ 

K and r *-*x 

|c> C/(4)»-— --7.57x10 * J. 

8/^, 

(<1 > The above expression for F can be expressed as 


F ' a i 


^-[<1 * {xR, ))■“ - (I ♦ {x)R t »‘ j 


F. > 4["»-<' - 2(»V^,H] - 4(-7 xiR, y 

K. 


7 A 


(e> /—JFm -|—-S.39xl0 ,% Hz. 

' 2 .t 2 *V*> 

EVALUATE: The force constant trends on the parameters A and R t xn the expression for U(r ). The minus sign in 
the expression in part <dl shows that for srmll displacements from equilibrium. F is a restoring force. 

IDENTIFY: Apply and Y/\ - , to the cylinders. Solve for a.,.. Compatrc to Eq.(l3.8) to find the 

angular frequency and period. T - 2*n>. 

s»:r Up: 




Let the origin of coordinate be at tfo: 
center of the cylinders when they arc 
at their equilibrium position. 


Figure 13.88 a 

The freebadv diagram for the cylinders when tlxv are displaeed a distance x to the left is given in Funirc 13 



/ - kx - -Wr 




Execute: 

Z r , a/ -“, 

fR = ^MR)a 

Ikit Ret - d so 


( 2 k>S\ 1 )x-a %tm 

I:q. (13.8): j. - -ta'x (The minus sign *a>s that v and <i t have opposite directions, as our diagram shows.) Our 

result for d #l is of this form, with to : ^ 2tUf and o ^ J2k 33/. Thus T - 2r im ^ 2x s <lhi 2k. 

EVALUATE: If there were no friction and the cylinder didn't roll, the periixl would be 2 x>J.\{k. The period when 
there is rollinu withiv.it slipping rs larger than this. 
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13.89. Idem itY: Apply conservation of energy lo the motion before and after the collmon. Apply ccmscrvatxm of lirx* ar 
monxntum to tlx collision After the collision the system moves as a simple pendulum If the maximum angular 


displarcmcnt u simll. / - -— ^ f 

SET L'P: In the motion before and after the collision there is energy conversion between gravitahoivil potent ia 
energy mgk . where h is the height above the lowest point in the motion, and kiixlic energy. 

Execute: Energy conservation during downward swing; ffi gh - and 


v* yj2gh t - J2<9.8 m's‘KO.100 m) = 1.40 m s . 

Momentum conservation durine collision: m.v - (ft, * )Kand V - 


oi%v (200 kg II140 m s I 


m,+m. 


500 kg 


-1.560 ms. 


Energy conservation during upward sw ing: My m h t — MV' arxl h t - V"/2g ■ - 0.0160 m - 1.60 cm . 

2 2(9.80 nvs) 


f igure 13.89 show* how the nviximum anuular displacement is calculated from /i cat 




50.0 cm 


wd 0 ^I4.5 a 


Ife-i. ill 

2TV/ 2^ VO. 


mV 


- 0.715 llz. 


500 m 


Evaluate: 14.5* - 0.253 md. sm(0.253 rad) -0.250. nnO and Eq.( 13.34) is accurate. 


*50.0cm - cm 



k x - l tf>ca 

figure 13.89 


13.90. Idem itv: T = IxJfTmgd 


Set CP: The model for the leg is sketched in Figure 13.90. 7* = 2 xjffmgd. m - 3.1/ . <i - y\ a 
rod with the axis at one end. / - . For a rixl with the axis at its center. / - 2-.1//Z . 


m Hi, 


For 


Execute: <i - 


23/([l55 m|2) + .1/(1.55 m ♦[1.55 m| 2| 
33/ 


- 1.292m. 


/, = i(23/XI.55 m) ; ^ (1.602 m : )3/ . 1.55 m) 5 . The parallel-axis theorem (Eq. 9 19) gjv 

^ ♦ A/(I55 m+p.55 ml.'2r - (5.06 . / = / + 4 =<7.208 m")M . Then 


:: 


(7208 m J )3/ 


-2.74 s. 


r - 2.TJl'Mgd - 2t ,- 

v 11 (33/ (9.80 m s* XI.292 ml 

Evaluate: This is a little smaller than T - 2.9 s found in Example 13.10. 



Figure 13.90 

13.91: IDEMUY: The motion is simple harmonic if Ihc equation of motion for the angular oscillation* is of the form 
0 . and in this case the period is 7" - 2 xjl f k 

dr J 

SET Up: For a slender rod piloted about its center. I - ±ML* 
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13.92. 


13.93. 


13.94. 


L 'JZ. d l O 

EXECUTE: The torque on the red about tbc pivot is z - -I A — 0 I—, r -la - /—— gives 

\ 2 )2 dr 

0 . is pronortxuul to 0 and the motion is angular SUM 4* ~ tt • ^ ~ ~rj4r 
di‘ J M af* / 3/ > 

Evaluate: The expression w used for the tccque. r - - ] A —j—. is valid only whm 0 is small enough for 

sin# > 0 and cos# * 1 . 

IDl.v im and SET UP: liq. (13.39) gives the period for the bell and liq. (13.341 gives the period for the clapper 
EXECUTE: The bell swines as a physical pendulum so its rxrxid of oscillation is given by 


T ^ 2.ry]JMy,d = 2.^1 S.O kg m 3 .'<34.0 kg 1(9.80 m s ! X0.60 m> = l.MCS s 
The clapper is a simple pendulum so its period is given by T - 2.T^/-'g. 

Thus L=g(r2x'f - (9J» ms*H1.8S5 x*2;r) 3 = 0.88 m. 

Evaluate: If the cm of the bell were at the geometrical center of the bell, the bell would extend 1.20 m from tbc 
pivot, so the clipper is well insade the bell. 

IDSXIIFY: The object oscillates as a physical pendulum, w ith f - —— 
object. 

SET UP: The moment of inertia about the pivot is 2(l/3|.l II: = (2/3) Ml :. an:! the center of gravity when balanced 
is a distance d - L/ilJl) below the pivot . 



where 3/ is the total mass of the 






Execute: The frequency is f- --—--- 

r 2*V< yjzt A.z'i^JTT. 

i !% i nr 

EVALUATE: If J -is the frequency for a simple pendulum of length /.. / - - L—f - 1.03 f . 

2.ri/. ~ 2 y n'2 

I den tin and Set UP: Use liq. (13.34) for the simple pendulum. Use a physical pendulum (Eq. 13.39) for the 
pendulum in the ease. 

Execute: (at T - 2nJUg and £ - ^ (9 K0 m u'K4.03 l/2ff)' - 3.97 m 

(b) Use a uniform stonier rod of mass M and length L - 0.50 m. Pivot the rod about an axis that is a distance d above 
the center of the rod. The rod will mediate as a physical pendulum with period T = Ix^j/ Mgd . 

Chime J so that T - 4.00 s. 

£ = I m . Md‘ - i A II: * A Id- - A /(4£’ * d* I 



2- , 


r = 2r 


Solve for d and Ki I. = 0.50 m and I - 4.00 %: 
ZdiVZxf =^L‘+d‘ 
d* - (T/la)'gd + £ 1 /I2 = 0 

-(4.00 »'2.t)'( 9.S0 m * ! )d .-(0.50 m)“/l2-0 
d* -3.971 Srf . 0.020833 = 0 
The quadratic formula gives 
J - 4(3.9718 ± ^3.97 |g) 3 -4(0.020833)1 m 
d = (1.985911.9806) m so = 3.97 m or d ^ 0.0053 m. 


The maximum value d can have is Li2 - 0.25 m. » the answer we want k d - 0.0053 m - 0.53 cm. 
Therefore, take a slendrr rod of length 0.50 m and pivot it about an axis that is 0.53 cm above its center. 
Evaluate: Note that T -> n as d -> 0 (pivot at center of rod) and that if the pivot is at the top of rod tbrn 

t L‘*U‘ 


i = and T = 2 .t 


- 2 * = 2 s (— - 2 a 


- 1.16 s, which is less than the desired 


2(0.50 m) 

Lg/2 6 1/ ig \ 3(9.80 mV’l 

4.CKI s. Thus it is reasonable to expect that there is a value of d between 0 and 1/2 for which T - 4.00 s. 
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13.95. 


13.96. 


13.97. 


IDENTIFY: The angular frequency is given by Fq.( 13.38}. Use the parallel-axis theorem to calculate / in terns of x 
(a) SET Uf: 


, c 


D (pine I 


Figure 13.95 

d - x. the distance from the eg of the object (which is at its geometrical center! from the pivot 
Execute: / is the moment of inertia about tl>: axis of rotation through O By the parallel axis theorem 

X* 

12 


+ A., A. ■ 7T’ 1 ' 1 - <T»Nc 92). « /. - «>' +-mU. « = J—T^T 


"7 nil- 


(l>> The maximum 


as x varies occurs when dea'dx - 0 

dx 


gives 


r d ** 1 


ia 




lx 11 } 


(TVuiup nx +if/ny* 

... 2 x yi „ 

x -- -0 

X*+L*/12 

x‘ ♦ £\'T2 - 2.y j so x - Uj\2. Get maximum <u wbm the pivot is a distance L' J\2 above the center of the rod. 
(c) To answer this question vve need an expression ft* <v : 


In <v 


• - 77712 
gtu-fiii 


substitute x-ljjn. 


">L - -uxl L-gJif «£„ 

", , 2t rad's eivc I - t9 S0nlV l ^ - 0.430 nv 


( 2 .T rail's)* 

Evaluate: w-»0as j-> 0 and ry-> % tig.'(2£) = 1.225^1 when v-> 1/2 ai m is greater than the x - L '2 
value. A simple pendulum has fa - Jg>L m % o Mm is greater than this. 

IDENTIFY: Calculate f^and defitx k % by F^ -~k^x . T - 2xjm7i~ . 

SET UP: If the elongations of the spnngs are x ( and . they must satisfy x f ♦ x, - 0.200 m 
Execute: (u) The net force on the block at equilibrium is /cm. and so A^y, - k.^x^ and orx spring ithe one with 
A, - 2.00 N>'m > must be stretched three times as much as the one with A, - 6.00 N/m . The sum of the elongations is 
0.200 m. and so one spring stretches 0.150 m and the otlvr stretches 0.050 m. and so the equilibrium lengths are 
0.350 m and 0.250 m 

(b) When the block is displaced a distance y to the right, the net force on the block is 

-A, (a*, 4x)t k s {.Yj - .r) - [ A, a*, - | -(A, ♦ A* ; . ).y. From the result of part (a), the term in square brackets is zero, and 

so the net force is -(A, ^k 1 )x, the cfTcctivc spring constant is A 4 „ - A*, t- A^ and the period of vibration is 

EVALUATE: The motion is the sanx as if the block were attached to a single spring that has forec constant k g . 
IDEs I1PY: In each situation, xmigin: tlx miss moves a distance A a. the springs move distances Ax ( and Ax,, with 
force* F t = F t = ~tj>x y 

SET L’P: Let Aa' and Ax.bc positive if the springs arc stretched. nc$itivc if compressed. 

Execute: (u) Ax - Ax - Ax„ f - F + F % - -|A* + A, )Ax, so A - k t- A.. 
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13 . 98 . 


13 . 99 . 


13 . 100 . 


(b) Despite the onentation of* the spring*, and the tael that one will be compressed when the otber is extended. 

Ax - Ax, - Ax% and hnth spring forces are m the sane direction. The above result is still valid; k M - k t r A%. 

(c) For massless springs, the force on the block must be equal to the tensievi in any point of the spring combination. 

ind F - /\ = /\. Ax, - - —. Ax> = - —. Ax= -[ —+ — ) F -—^-/*and 


k.-tk. 


*. k > V*. *i> Mi 

(ell The result of part (c) shows that when a spring is cut in half, tbe etYcctive spring cceistant doubles, and so the 
frequency increases by a factor of Jl. 

EVALUATE: In cases (a) and tbl the effective force constant is greater than either k or A*, arxl in case (c) it is less. 
iDIA I1FY: Follow the procedure specified in the hint. 

SET L'P: I - 2ajL/g 

Execute: (a) r+AT*2*JT. j *o at= -il/2)(T/g)og. 


(bl The clock runs slow 


; A7*>0, A# < 0 and g + \g = g| 1 - | - (9.80 m/s') I - ^ j = 9.7991 m/s\ 


EVALUATE: The result in pirt (a t saws that T increases when; decreases, and tbe magnitude of the fractional 
change in T is one-half of the magnitude of the fractional change in#. 

IDENTIFY: Follow the procedure specified in the hint. 

SET L’P: Denote the position of a piece of the spring by /; i - 0 is the fixed paint and / = L is the moving end of tbe 

spnng. Then the velocity of the point corresponding to /. denoted u . isw)/) - v«j- (when the spring k moving. 

/ w ill be a function of time, and so u is an implicit function of time). 

(a) dm -^Ldi. and so dK -Ldm i r - d/and A' = ( dK - ill!— di 4^L. 

L 2 2 L ) TP J 6 

(b> 0. or ma + kx = 0. which is Fq.(l3.4). 

(c> mis replaced by 4 f . *o /u = j4r **!•'*'=4£. 

3 i .If 3 

EVALUATE: The effective mass of the spring is only one-third of its actuil mass. 

Identify: T = 2xj!imgd 

Set Lp: With /-(1/3 )W: and <1 = 1/2 in Eq. 113.39). T„ - 2.T s i2I/S(f. With Ibe added 
./=«((£*/»)+/). * = 2A/and J-{L/4)+y{2. T*2*^fl+/)fig{l/2+y)) 

i. 

T„ \i: 2,1. 




uw\ 


Tbe graph of the ratio /• versus v is given in Figure 13.1G0. 



i on t 


<l»> From the exprcs»on found in part (a). T - T„ when y - *1. At this point, a simple pmdulum with length y 
would have th: same period as the meter stick without th: added miss; the two bodies oscillate with the sane period 
and do not affect the other's motion. 

Evaluate: Adding the masts can either increase or dxreasc th: period, depending on where the added rmss is 
placed. 
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13.101. Identify: Eq.( 13.39) ays . 

SET UP: Let the two distances from the center of mast be J, and d : . There are then two relation* of the form of 
14 f 13-39); with /, - ! ua * md; and /* = I ua t md! 

EXECUTE: These relations may be rewntten as mgdj* - 4x 2 (/„. ^ md? | and nfgd.T 2 - 4** ( f m + a*d; ). 
SubtrKling the expressions gives my(d -d^T 2 - 4x 3 m[d? -dj 1 - 4,T : «(rf -d i )(d i *d l ) Dividing by the 
common factor of m\d { -*/%) and letting J, -f d l - L gives the desired result. 

Evaluate: The procedure weeks in practice only if both pivot locations give rise to SUM for small oscillations. 

13.102. IDENTIFY: Apply Yf — Hi a to the mass, with a - rtf . 

SET L’P: The spring, when stretched, provides an inward force. 

Execute: Using m 2 / for the magnitude of the inward radial acceleration. imd 2 l - 4(/-/ t .). or / - 
<fo) The spring will tend to become unboundedly long. 

EXECUTE: As resonance is approached and / become* very large, both the spring force and the radial acceleration 
become large. 

13.103. IDEM1FY: For a *mall di*placen < cnt the force constant k is defined by F, - -Lt . 

SET LP: Let r = + .v. so that r-R,= x and F - A\t** -c “]. 

EXECUTE: When v is small compared to b '. expanding the exponcntul function gives 
/* a» A [ll - 2/u)-(l - Ay)) - - .lh.r. corresponding to a force constant of Ah - 579 N 'm. 

EVALUATE: (>ur result is very close to the value given in Exercise 13.40. 


t- 




Fluid Mechanics 


1 4.1. IDK-Y litY: Use Fiq.i 14.1) to calculate the maw and then me w - mg to calculate the weight. 

SETUP: p — mfV so m-pY From Table 14.1. p- 7.8x10* kgm\ 

Exec ite: For a cylinder of length /. and radius R . V ^ {x R : )L ^ ,t( 0 01425 m)*'(0.S5S m) ^ 5.474 x 10 4 m\ 
Then m - pY =(7.8x10* kgm‘X5.4?4x 10 4 m*)^4.27 kg. and w- mi? - (4.27 kg))9.S0mV) =41.8 N lahout 
9.4 lbs). A cart is not needed. 

EVALUATE: The rod h less thin I m long and less than 3 cm in dian>^cr. so a weight of around 10 lbs seems 
reasonable. 

14.2. IDENTIFY: Convert gallcxis to kg. TH: mass m of a volume Tof gasoline is m - pV . 

SET Up: 1 gal - 3.7K8 L -3.7SKxlO ' m . 1 m* of gasoline has a mass of 737 ku. 


Execute: 45 


0 mi gal = ( 45.0 mi/gal)j---| — - 16 . 1 mi 

* 13.788x10 m A 737 kg 


Evaluate: 1 gallon of gasoline has a mass of 2.79 kg. The car goes fewer miles on I kg than on I gal. since 
1 kg of gasoline is lew gasoline than 1 gal of gasoline. 

14.3. Identify: p-m/y 

SET UP: The density of gold is 19.3 xlO* kg m*. 

Execute: F=<5.0x 10 * m|<15.0xl0 ‘ m)(30.0xl0 1 m) = 2.25xlO*‘ m*. 

p-^r~ v ^ -7.02X 10' kgm' The nxtal is not pure gold. 

EVALUATE: The av erage density is only 36% that of gold, so at most 36% of the maw rs gold. 

14.4. IDENTIFY: Find the maw of gold that has a value of SI .00* ltf'. Then use the density of gold to find the volume 
of this mass of gold. 

SET UP: For gold, p - 19.3 x 10* kg m‘. The volume Fof a cube is related to th: length /. of one side by V - L 

EXECLTE: mi ^ (SI.COx I0‘>: 1 Ul> > <IU,CC j| V| lnlS - !(l “gj, 72.9 kg. 

\ S426.60 ){ I troy ounce ) V 

ft-- " ' ^ -3.78x|0 tn\ L-V' - 0.156 m -15.6 cm. 

p 19.3x10* kg/m‘ 

EVALUATE: The cube of gold would weigh about 160 lbs. 

14.5. Ideyiify: Apply p - m/V to relate the densities and volumes for the two spheres. 

SET UP: Fora sphere. V -±xr*. For lead. p = 11 JxlO* kgm and foe aluminum. p s - 2.7x10* kgm*. 

. r la Y* (l 1.3x10' V" 


Execute: m - pV -±xr p . Sam: mass means rfp, - rfp t . -L- j — | -| | -1.6. 

Ev aluate: The aluminum sphere is larger, sitxc its density is less. 

14.6. Ideyiify: Average dmutv is p - mtV . 

SET UP: For a sphere. V - IzR . The sun has mass -1.99x10** kg and radius 6.96 x 10* m 

Extent: «„> kgm 1 

I’.. 4x(6.96x Iffm) 1.412 * 10' m' 

1.99x10" kg 1.99x10* kg . . 

(H )p --— -— 5.94x10 kgm 

4r<2.00x 10 m) 1 3.351x10 * m 
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14.7. 


14.8. 


14.9. 


14.10. 


14.11. 


EVALUATE: For comparison, the average density of the earth is 5.5 * 10’ kg/m'. A neutron star is extremely 
dense. 

Idem itY: w - mg and m - pV . Find the volume I*of the pipe. 

SET UP: Fora hollow cylinder with inner radius ft . outer radius R 1 , and length /. the volume is I 7 - R* I L. 
ft »1.25x10° mand rt. a 1.75x10° m 

EXECUTE: f'««<|O.OI75 m)'-|0.0125m] 2 Hl-50m>-7.07x10 4 m\ 

= kg.m i H7.07xl0 4 m ; ) = 6.29 kg. ur = mg = 61.6N. 

Evaluate: The pipe weights ahnut 14 pxiunds. 

IDENTIFY: The gauge pressure p - /, at depth h is p- p t - pgfi . 

SET UP: Ocean water is seawater and has a density of 1.03x10' kgm'. 

Execute: p-p, = (l.03xl0 l kgm‘i(9.KOnV* ; )<320Om| = 3.23xlO' Pa. 

p- p. - (J.2Jx 10 Pali--1-319 aim. 

‘ l 1.013-II) Pa) 

EVALUATE: The giuge pressure is about 320 times the atmospbrric pressure at the surface. 
iDLMltY: The gouge pressure p - p. t at depth h is p- p, - pgf\ • 

SET UP: Freshwater has density 1.00 x 10* kg m* and seawater has density 103 x 10* kg m‘. 

Execute: |U> p-p, ^(1 00x10* kg>m l )(3.7l m* 2 )<500 mi - 1.86x10* Pa. 




m's* ;i 


n>4 m 


1.86x10* Pa 
(1.03x 10' kgm*X9. 

EVALUATE: The pressure at a civcn depth is greater on earth because 


cylinder of w*oter of that height weighs 

more on earth thin coi Mars. 

IDLN11PY : The ditTerenee in pressure at points with heights v, and is p- p, - pg{\\ - >\) . The outward 
force F is related to tlic surface area .1 by F - pA . 


Setup: l-or blood. /> = 1.06*I0‘ kgm . v, - = I -65 m. The lurlicc area ol Ihc icgiwnl is xDI. . when: 
0 = 1.50x10 1 mand £ = 2.00x10 • m. 

Execute: (u> p,-p> = (1.06xIO* kgm'M9.R0ms-)<1.65m|-l.7!xl0‘ Pa . 

<I>1 The additional force due to this pressure difference is SF - ( p x - p.)A . 

.1 - xDL - 1.50x 10 1 m 1(2.00x 10 * m)-9.42x|0 ' m* . SF =(1.71xl0 4 PaX9.42x|0 * m : ’>-1.61 N . 
Evaluate: The pressure ditTerenee is about 1 atm . 

Idem it y : Apply p - p + pgh . 

SET UP: Gauge pressure is p - / 4J . 

EXECUTE: The pressure dilVereixe between the top and bottom of the tube must be at least 5980 Pa in order to 
force fluid into the vein: pgh - 5980 Pa are! 


. 5980 Pa 5980 MW acc . 

h _ _ 0.581m. 

gh <IQ50kgm'X9.80 mV) 

EVALUATE: The tug of fluid is typically hung from a vertical pole to achieve this height above the patent’s ami 
14.12. IDLM1TY: p , - p 00i ^ + where is th: pressure at the surface of a liquid and /?, is the pressure at a 

depth h below the surface. 

SET Up: The density of water is 1.00 x 10* kg m 1 . 

Execute: (u) For the oil layer. p tm u., - p* 0 . and p, is the pressure at the oil-water interfare. 

Pa - P... * />.„ - PH* = (600 kg m' X9.K0 m's’ *0.120 m) - 706 Pa 
<b) For the water layer, p | fj - 706 Pa r . 

ft. " P„. ■ ~ 706 Pa + - 7 06 Pa ♦ (1.00 x 10‘ kg m* X9.80 nvs 2 *0250 m) ^ 3.l6x 10 Pa 

Evaluate: The giugc pressure at th: bottom of the barrel is due to the combined effects of th: oil layer arxi 
water layer. The pressure at th: bottom of the oil layer is the pressure at the top of the water layer 
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14 . 13 . 


14 . 14 . 


14 . 15 . 


14 . 16 . 


14 . 17 . 


iDEvntY: An inflation to 32.0 pouixls twins a gauge pressure of 32.0 Ib'in.'. The contact area A with tlu: 
pavement is related to the gauge pressure p- p, in the tin: and the force F the tire exerts on the pavement by 


F\ *(/> - Pi,) A . By Newton's third law the magnitud: of the force th: tire exerts on the pavement equals the 
magnitude of the force the pavement exerts on th: car. and this must equal the weight of the car. 

SET Up: 14.7 lb in. : - 1013x I O' Pa - I atm Assume p t . -1 atm 

Execute: (u) The gauge pressure is 32.0 lbm.* - 2.21 x10* Pa - 2.IS atm . The absolute pressure is 
46.7 Ihin/-322x10* Pa^=3.ISatm 

< l>> No. the tire would touch the pavement at a single point and the contact area would he /ere*. 

<c) F - mg - 9.56 x 10‘N. A -1- —— LLii _ 0.0433 m* - 433 cm*. 

p-p, 2.21x10 Pa 


Evaluate: If the contact area is square, the length of each side for each tire is 


1.*! cm- 


- 10.4 cm. This is a 


realistic value, based on our observation of the tires of cars. 

IDKMIFY and SET UP: Use I:q.( 14.81 to calculate the gauge pressure at this depth. Use Fq.< 14.3) to calculate the 
force the inside and outside prewures exert on the window, and combine the fwces as vectors to lind the net force. 
EXECUTE: lu) gauge pressure pgh From Table 14.1 the density of seawater is I.03x 10* kg m . so 


P-P.-Pth- (103x10* kg'm‘ )(9.S0 ml*)(250 m)- 2.52x 10' Pa 


(b) Tlic force on each side of the window is F - pA. Inside the pressure isand outsid: in the water the pressure 


is p - Pi -t pgh. The forces arc shown in Figure 14.14. 

..a. Ml | Ibe net force is 

F i - K ■ (j* + PS h M - Pa* - (pghU 
F,(2.52x1 «' Pa).r(0.150 ml 1 
F]-/J = l.78xl0 N 

Figure 14.14 

EVALUATE: The pressure at this depth is very large, over 20 times normal air pressure, and the net force on the 
window is huge. Diving hells used at such depths must be constructed to withstand these large forces. 

I NOTIFY: p^ 9 = A " P a PX* 

SET Up: 1 atm = 1.013x1 0* Pa . The density of water is l.OOx 10' kg in . The gauge pressure must equal the 
pressure difference due to a column of water 1370 m - 730 m - 640 m tall. 

Execute: (l.OOx 10' m'X9.X0ni'*’)(640ml-6.27xl0' Pa-61.9aim 

EVALUATE: The gauge pressure required is directly proportximl to the height to which the water k pumped 
IDENTIFY and SET Up: Use I:q.< 14.6) to calculate the pressure at the specified depths in th: open tube. Th: 
pressure rs the saiw at all paints the same distance from th: bottom of the tubes, so the pressure calculated in part 
<bl is the pressure in the tank. Gauge pressure is the difference between the absolute pressure and air pressure. 
Execute: p s ^980 millibar -9.80xlo' Pa 

<a) Apply p - p % + pgh to the right-hand tube. The top of this tube is open to the air so p v - p s . The density of 
the liquxl (mcrcuiy) is 1 3.6 x 10 ' kg m‘. 

Thus p-9.80-10' Pa *<13.6x10' kg m'x9.80 mi‘MO.0700 m>-1.07x 10' Pa 

<b> /) — /?,* pgh - 9.80xl0‘ Pa -<U.6-10‘ kgm‘M9.S0 m'( 1(0.0400 m» -1.03-10' Pa 


r i 








(c) Since \\ - y, - 4.00 cm the pressure at the mercury surface in the left-hind end tube equals that calculated in 

part (b). Thus the absolute pressure of gas in the Link is 1.03x 10 Pa 

«!) p - p v - pgh - < 13.6 x 10* kgm‘)(9.S0m’s J )(0.04O> m>-5.33xIO > Pa. 

Evaluate: If Kq.( 14.S) is evaluated w ith the density of mercury and p - p s - 1 atm - 1.01 x 10'' Pa. then h - 76 cm 
The mercury columns here are much shorter than 76 cm. so the gauge pressures arc much less than l.Ox 10* Pa. 
iDEMltY: Apply P-Pi+Pgh. 

SET Up: For water, p-l.OOxlO 1 kg m*. 

Execute: p - p _ -pgh -(l.flOxlO kg'ra‘)(9.80m's'X6.1 ml-6.0-10' Pa. 

EVALUATE: The pressure diftcrcoce increases linearly with depth. 
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14.18. lUKMih and S*:r UP: Apply Eq.(14.6) lo Ibc water and mercury column*. The pressure at tlx bottom of the 
water column is the pressure at the top of the mercury column. 

EXECUTE: With just the mercury, the gauge pressure at the bottom of the cylinder is p - With the 

water to a depth h<*, the gauge pressure at the bottom of the cylinder k p - p %t + /\Rh m + P m gk a If this is to be 
double the first value, then p^gh a - 

ipjpm ) ■ (0.0500 mil 13.6x 10*.T .00 x 10 ; ) - 0.680 m 


The volume of water is V - hA -(0.680 mXl2.0x 10 4 m*)-8.16xl0 4 m* -816cm 

EVALUATE: The drnsity of mercury is 13.6 tinxs the dmsily of water and (13.6X5 cm) - 68 cm. so the pressure 
increase from the top to the bottom of a 68- cm tall column of water is the same as the pressure increase from top t< 
bottom for a 5*cm tall column of mercury. 

14.19. Identify: Assunx the pressure at the upper surface of the ice is p t -1.013x10*' Pa . The pressure at the surface 
of the water is increased from p t by p^Rk^ and then increases further with depth in the water. 

Ski L’P: =0.92x10* kgm 1 anil^ -1.00x10* kgm‘. 

Execute: />-/>,- p.,gh„ - p... gh.^. 

p-p c ={ 0.92x10* Icg'm'xfcMmVMlJS m)-t-(I.OO«IO‘ kgln‘H9.K0 m»'*2.50m). 

p- p,. -4.03x10* Pa. 

p-p, -.4 03.10* Pa -1.42“ 10' Pa . 

EVALUATE: The gauge pressure at tlx surloee of the water must be sufficient to apply an upward force on a 
section of ice equal to the weight of that section. 

14.20. IDEVHFY: Apply p - p, ♦ pgk . where p , is the pressure at the surface of tlx tluid Gauge pressure is p - . 

SET L’P: For water, p - 1.00 x 10* kg m*. 

EXECUTE: (u) The pressure difference betw een the surtax of the water and the bottom r* due to the weight of 
tlx water and is still 2500 Pa after the pressure increase above the surface. But the surface pressure increase is also 
transmitted to the fluid, making the total difference from atmospheric pressure 2500 Pa 1 1500 Pa - 4000 Pa . 

<b) Initially, the pressure dix to the water alone is 2500 Pa - pgk. Thus h - ‘ N '** -0.255 m. 

- 1 (1000 kgm‘X9.80 m'» ) 

To keep the bottom gauge pressure at 251X1 Pa after tlx 1500 Pa increase at the surface, the pressure dtx to the 

KICK) H 

(1000 kg<‘m*)(9.80 m s*) 

lowered by 0.255 m - 0.102 m - 0 153 m.. 

Evaluate: Note that pgk . w ilh h - 0.153 m. is 1500 Pa. 

14.21. Identify: p- p„ + prJ *. F - pA . 

Set Up: For seawater, p -1.03 x 10* kg m* 

Execute: The foree /’that must he applied is tlx difference between the upward force of the water and the 
downward ftrecs of the air and the weight of the hatch. The difference between the pressure inside and out is the 
gauge pressure, so 

/’-< pgk) /f-u = (1.03x 10* ku.ni 1 H9.80 mfc*)(30 m)(0.75 m 2 )-300N -2.27xlO* N. 


water's weight must be reduced to 1000 Pa: h 


- 0.102 m. Thus tlx water must he 


EVALUATE: The foree due to tlx gauge pressure of the water is much larger than the weight of the hatch and 
would he iirpossibk for the crew to apply it just by pushing. 

14.22. IDENTIFY: The foree on an area .1 due to pressure p is /•* - pA . Use /»-/>., - pgk to find tlx pressure inside the 
tank, at the bottom. 

SET UP: 1 atm - I.0l3x 10* Pa . Far benzene, p - 0.90 x 10* kgm*. The area of the bottom of the tank is 

xD*/4 . where D - 1.72 m The area of the vertical walls of tlx tank r* xDL . w here L - 11.50 m 
EXECUTE: (u) At tlx bottom of the tank. 

p ^ p % + pghm 92(1.013x10^ Pa) + (0.90 x 10* kg.'m & )(0.894)(9.S0 nVs 2 )(l 1.50 m). 
p -9.32xl0 fc Pa r 9.07x10* Pa-9.4lxl0* Pa . F m -/?,<-<9.41 x!0‘ Pa)*(l.72 m)*/4 a 2.19xl0 ? N. 

<li> At the outside surface of tlx bottom of the tank, the air pressure is p - <92)0.013x10* Pa) -9.32 x 10* Pa . 

F k * a(9.32x10* Pa)*<1.72 m) 1 V4 - 2.17x 10 r N. 
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<c> F x - pAa<)10.0\3*Ut Pi.72 m|(l I 5 m| - 5 7*>x 10* S 

EVALUATE: Mast of die fcccc in part (a> is due to the 92 atm of air pressure above the surface oftlic ben/er*: and 
tlic net force on the bottom of the tank k much less than the inward and outward forces. 

14.23. lDl-VIOV: Tfc gauge pressure at the top of the ad column must produce a force on the disk that ls equal to its weight 
SET L T P: The area of the bottom of the disk is A a zr* - .efO. 150 m> 2 & 0.0707 m J . 

iv 45.0 N 

EXECUTE: (u> p - p -- 636 Pa 

' A 0.071.-m 

|b| The increase in pressure produces a force on the disk equal to the increase in weight. By Pascal's law the 
increase in pressure ts transmitted to all points in the oil. 

13.0 N 

0.0707 m‘ 

Evaluate: The absolute pressure at the top of die oil produces an upward force on the disk but this fine ts 
partially balanced by the force due to tlie air pressure at the top of the disk. 

14.24. Identity: T. - /*. must equal the weight w - mg of the car. 

A 

SEE L’P: .4 - &D' ’ 4 . £) »the diameter of the vessel at the piston where F t is applied and of the diameter at 

the car 


(it ityJ- 


70 Pa (lit 1170 


r xD! /4 f . D. 

txicirrE: mg =--— F>- — 

' .Trf/4 IX 


1520 kg 19.10 m s > 


-10.9 


F x Y 125 N 

E\ ALU ATE: The diameter is smaller where the force is smaller, so the pressure will be the same ai both pistons. 
14.25. IDENTITY: Apply Y/- - ntu to the piston, with F» upw ard. F - pA . 

SfT L’H: 1 atm - I 013“ hV Pa . The force diagram for the piston is given in figure 14 25 p ts the absolute 
prcssuic of the hvdmuhc fluid. 


*.\M M l: pi it - - 0 and p-p+ m - / - 

.1 fie 


m (1200 kcM9S0 m» J l 


1.7.10' Pa-1.7 aim 


■t(0 IS m>* 

Es ALL ATE: TTic Lirccr the diameter of the piston, die smaller the eauge pressure required to lift the car 



Figure 14.25 

14.26. IDENTITY: Apply Newton** 2nd law to the woman plus slab. The buoyancy force exerted by the water is upw ard 
ami given by B - p^^J where P A |i is the volume of water displaced. 

SEE ll: The floating ufcycct ts tlie slab of ice plus the woirctn; tlie buoyant Farce must support birth TTc volume 
of watrr displaced equals the volume F of the ice. The free- bod \ diauram ls given in fieurc 14.26. 




Fieurr 14.26 


V * 


45.0 ke 


E\ii iti: Y/; - iiur. 

Hut p-mlV «» m M - bI: 


11^-_ r - I) 562 m 


Pmm ~ P+. 1000 kg m - 920 kg m 
Evaluate: Tlie mas* of ice is hi - pi' -51“ ku. 
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14 . 27 . 


14 . 28 . 


14 . 29 . 


14 . 30 . 


IDENTITY: Apply y f. - mu, to the simple, with t v upward, B - p^y^g * 

SET Up: w-mgm 17.50 N and m 1.79 kg . 

Execute: T+B-mg= 0. B-iqg-rsl7.50N-ll.20Na6.30N. 

£_£2™_ 

P„_S (1.00x10 kgWH9.80in^) 

_ 1 7> kg _-2.7S.10 1 kg'm : . 

' V 6.13« 10' m' * 

Evaluate: The density* of the sample is greater than that of water and it doesn't float. 

IDENTIFY : Hie upward buoyant force B exerted by* the liquid equals the weight of the fluid displaced by the 
cifc^ect. Since the object floats the buoyant force equals its weight. 

SET Up: Glycerin has density p^ - 1.26x 10* kg/m 1 and seawater has density - 1.03 x 10* kg m*. Let be 
tlie volume of the apparatus. g k -9.80 mi's*: g c - 4.15 mV . Let be the volume submerged on Gjasi. 
Execute: On earth B - /^<0.2501* 4( )g fc - mg k . m - (0.250)^1^ . On Caasi. B - p t }'^JZ K - "«j? t - 
m - . Th: two expressions for m must he equal, so (0.250)1'^ j? tm - p+Y^wnd 


V = 


f 0.250a, . f [0.2501(1.0!. 10’ kum‘1 


r. = 


1.26x10' kTm - 


[ ' s 0.2011' . 20.4% of the volunv will be submerged on 


-■( X 

Caasi. 

EVALUATE: Less volume « submerged in glycerin since th: density of glycerin is greater than the density of 
seawater. The value ofg on each planet cancels out and has no effect on th: answer. The value of g changes the 
weight of the apparatus and the buoyant force by the same factce. 

Identity: For a floating object, the weight of the objort equals the upward buoyancy force. B . exerted by the 
fluid. 

SET UP: B - . The weight of the object can be written as h* - n ^ . For seawater. 

p = 1.03x10' kgm*. 

Execute: (u) The displaced fluid must weigh more tlian the object, so p< p^. 

11>1 If the ship docs not leak, much of the w ater will he displarcd by air or cargo, and the average density of the 
flouting ship is less than that of water. 

i/ /) 

(c> Let the portion submerged hive volume V, and the total volume be V, . Then pF. - p ( . so -The 

1 • Aw 


fraction above the fluid surface rs then 1 --. If p -> 0. the entire object floats, and if p —> p .... none of lb: 

oNect is above the surface. 


(0.042 kg)/|[5.0114.01(3.01x10 W> 


(<1> Using the result of part (cK 1 - 


-0.32^32% 


Pu^ 1030kg. m 

EVALUATE: For a given object, th: fraction of the object above the surface increases when the density of the 
fluid in which it floats increases. 

Identity : B - p,4„V A g • The net force on the sphere is zero. 

SET UP: The density of water is 1.00x 10‘ kg m 1 . 

Execute: (u) B - (1000 kg m l #0.650 m'*9.80 m.* 1 )-6.37x10* N 

_ _ _ . B-T 6.37 x 10 ‘ N- 900 N _ rnt 

[b) B - r * mg and m - 558 kg . 

g 9.80 m s* 

(c) Now B - p^jr^g . where f' v rs the volume of the sphere that is submerged. B - mg . p t ^}‘ mA - Mg and 

r., - —- 55,k * ,-0.S5 > n,‘.^,g^,0.SSH-H5»%. 

1000 kgm* \\ 0.650 m' 

Evaluate: The average density of the sphere is p A - -1 - - ; —;-S58 kg m ’ . < p m ^ . arxl that is why 

V 0.650 m' 

it floats w ith 85.8% of its volume submerged. 
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14Jl. IDEMIFY and 5cr L'P: Use Cq4 14.Hi tit calculate the gauge pressure al the two depths 
(a) The distances arc shown in Figure 14 31a. 


K 


l.5H«n»! 

.5oJpzn * 

Execute: p-p,^ pgfi 

Th: upper face is 1.50 cm below the top of th: oil. so 
p - p, = (7.90 kgm 1 K9.H0 mV*0.015(1 ml 

1.50 n*:I_1 

wiur 

p~Pt*\ 16 Pa 


Figure 14.31a 


(Iff The pressure at the interface is - p M + fl-g|0 lttl mt. The kiwer face of the block is 1 50 an below the 

interfere, so the pressure then: is p - p^ lms + i * giO.0150 m|. Combining these twoequitions gives 

p- p 4 - P.drtO.lOO m>» p^.g<0.0150 ml 

p-p 4 -|(790 kg m h0.10) m)r<IOOO IcgWKO.OlSO m||(9JH) mfl 


14 . 32 . 


14 . 33 . 


p-p t =921 !>a 

(cl IDEMUT and StT UP: Consider the faeces on the block The aro of each fere of the block is 
d - (0 100 m) 1 - 0.0100 m : Let the absolute pressure at the top lace be p, and the pressure at the bottom face be 
p i .. In Eq.( 14.3) use these pressures to calculate the force exerted by the fluids at tlic top and bottom of tbc block 
The frec-badv diagram for th: bkick is iven in Figure 14.3 lb 

Execute: V^; =mur # 

i\A-PiA-mg*0 

I4.3lli 

Note dial 1 A." A) * (A." PJ ” (A - p.)« 921 Pa -116 Pa = 805 Pa. the difference in absolute pressures equals 
tire difference in gauge pressures. 

m IP. - PM H'"5Pa.D"nn.m ) 

S 9.S0 m s' ' 

And then p*mfV*QXl\ kgW.lOOm) 1 - 821 kgm*. 

EVALUATE: We can calculate tbc buoyant force as O - - ^1’^, )g where Y a - (0.0100 m : X0 850 m) - 

830* 10 4 m’ is lie volume of oil displaced by the block arxl V M =( 0.0100 m* K0.0150 ml - 1 50 * 10 *m* is the volume 
of water displaced by the block. This gives U - (0.501 kglq. The mass of water displaced equals the mass of tie bkick 

I DIM in: Tlie sum of the vertical forces wt ffie ingot is zero, p - mV . The buoyant farce is 0 - p_• 

S»:> Ul*: The derail) of aluminum i* 2.7 * 10‘ kem'. The ileniilv of water ii 1.00 - 10 ku in 



EXKl'It: (u» r-oiif-K9N*i> *-9.(Wke. . .— - 3.36-1(1 m -3.4L. 

,• 2.7 < 10' kg m' 

(b) When tbc ingot is totally immersed in the w ater while suspended. T * B - mg - 0. 

B - p^V+S * (1.00 x 10* kg/m' *3.36 s 10 m‘ H9.80 m s *) - 32.9 N. r-iwg-tf-89N r - 32.9 N - 56 N . 
EVALUATE: The buoyant force is equal to the difference betw een the apparent weight when the object is 
subircrged in tlie fluid and the actual grav itv force on the object. 

luiMih: Tlie vertical forces on tlie rack sum to zero. Tlie buoyant force equals tbc weight of liquid displaced 
by the rock. V -IxR*. 

Stl UP: The density of water is 1.00* 10* kg m . 

EXEC UTE: Tlie reek displaces a v olume of wata whose w eight is 39.2 N - 28.4 N - 10.8 N . The mass of this 
much water is thus 10.8 N <9.80 m s 1 ) -1.102 kg and its volume, equal to tbc rock’s volume, is 


--1—:--1.102*10 ‘ m* The weight of unknown liquid displaced a 392 N - 1 S.6 N - 20.6 N. and its 

1(H)* 10 ku'm' s ^ ' 

man u 2(.6N/|9 SO !»'*') = 2.102 kg. The liquid's dcn.ily U tlm* 1102 kgX 1.102x10 1 m‘>-1.9lxl0* kg'm‘ 
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14.34. 


14.35. 


14.36. 


14.37. 


14.38. 


14.39. 


EVALUATE: The density of the unknown liquxl is roughly twice tlx density of water. 
Identify: The volunx flow rate i%Av. 

SETUP: /fv« 0.750 infs 1 . A-xDTi 4. 

Execute: (a) >xZ>*/4 - 0.750 m s*. V-—— 1 1,1 ’ 1 472 m f s. 

*(4.50x10 • mi 


(b> yD must be constant, so 1 .1)* - v,D :. 1 - i,I — I - (472 m's)| — 

W v3/>, 

Evaluate: The larger the hole, the smaller tlx speed of tlx fluid as it exits. 
IDENTIFY: Apply the equal ion of continuity. I'j/L. 

SETUP: A = xr~ 


52.4 m s. 


Execute: 1 . - u(A//L). a - .t 


cm)*. A > - 20x(0.l0 cm)* i. -(3.0 m s) -" 1 * ' --9.6 m s 

3 3 20*10.10>* 


EVALUATE: T7ic total area of the shower bead opening* is less than the crass section area of the pipe, and the 
speed of tlx water in the shower brad opening is greater than its speed in the pipe. 

IDIMIPY: \\A k - v\.4%. The volume flow rate is \A. 

SETUP: LOO h-3600 s. 

Execute: (u) v 3 - v,| — ' - (3.50 m r s|| 1 -1 - 2.33 m’s 
.*1 i . 0.105 m* 


«*>. 


: A. , V 0.070 m' 

-v — - (3.50 mill- 

’ UJ \ 0.047 m 


5.21 mi 


n 


(c> V - v .V ^ (3.50 nvs)(0.070 m 1 )13600 s) ^ 

EVALUATE: The equation of continuity says the volunx flow rate is the same at all poants m the pipe. 

IDENTIFY and s*: r UP: Apply Eq.( 14.10). In part (a) the target variable is V. In part <b l solve for A and then from 
that get the radius of the pipe. 

Execute: (u> vA = 1.20 mV* 

1.20 mV* 1.20 mV* 1.20 mV* 


V - 


A .rr : .r(0.150mt ; 

(b) vA = 1.20 mVs 
vxr 2 - 120 m ’s 


-17.(1 ms 


20 m s 


• .20 in s 


0.31 7 m 


vjz u(3.w m s).r 

EVALUATE: The ipeed is greater where the area and radius arc smaller. 

IDENTIFY: The volunx flow rate is equal to Av . 

SET UP: In the equation preceding Elq.tT4.IO), label tlx densities of the two points /> and p 3 . 

EXECUTE: (u) From the equation preceding Lq.( 14 10). dividing by tlx time interval dt gives E:q.( 14.12) 

(b) Tlx volume flow rate decreases by 1.50%. 

EVALUATE: When the density increases, the volume flow rate decreases; it rs the mass flow rate that remains 
constant. 

Identify and S#;r I p: 



Apply E3ernoulli’s cqiution with points 1 and 
2 chosen as shown in E'igure 14.39. Let y - 0 
at the bottom of the tank so y ( - 1 1.0 m and 
Vj - 0. The target variable is v y 


P. * PK> * T/*i - P> ' ®i + r P'l 

/(»*, - TjVj. so v, s (As* But the cross*secti«i area of tlx tank (.4,) is much larger than the croxs*secti«i 
area of the hole f/L). so i, « i\ are! the -r/ 71 ’,* term can be neglected. 




14.40. 


14.41. 


14.42. 


14.43. 


14.44. 


Kluid Mechanics 


14*9 


Execute: Thi* give* ?/»i -</>, - p,)+PB\- 
Use p-. - p and solve for r>: 


p.r-p.vp+i» t “ — 10 ml 


Vj = 28.4 m s 

Evaluate: If the pressure at tlic top surface of tlic water were air pressure, then Toocclli’s theorem 
(Example 14.8)give* v\ - ^2g(y, - Vj) - 14.7 m»'s. Th: actual afflux speed is much larger than this doc to the 
excess pressure at the top of the tank. 

iDEN IWY: Toricelli's theorem says the speed of efflux is v - ^2g/i . where h is the distance of the small hole 
below the surface of the water in the tank. The volume flow rate is vA. 

SETUP: /f = with D - 6.00x 10 ; m. 

Execute: (u> v = J2(9.SO mi'KI4.0 m) = 16.6 mi 

|b> V.) - (16.6 mi).r(6.00»10 ' ml''4 - 4 69-10 ' m‘,'t. A volume of 4.69-10* m' = 0.469 L i* duchaiged 
each second 

Evaluate: We have atvun>xl that the diameter of the bole is much lew than the diameter of the tank. 
Identify and Set Ur: 

2 . Apply Bernoulli’s equation to point* 1 and 2 

as shown in Figure 14.41. Point 1 is in the 
mams and point 2 is at the maximum height 
reached by the stream, so \\ - 0 . 


eauec pressure 



Figure 14.41 

Solve for p and then cceivett this absolute pressure 

Execute: p . pgy, ♦ 4/»i* = p .. pgy, • rrt 

Let >*, - 0. Vj ~15.0 m. The mains have large diameter. *o \\ * 0. 

riiut Pi -P'.'pgyi- 

But p, = p„ Ml p-p, B pgy> -(1000 kg.m'M9.80m l » l M15.0m(-1.47x10' Pa. 

EVALUATE: This is the gauge pressure at the bottom of a column of water 15.0 m high. 

Identify: Apply Bernoulli** equation to the twx> poants. 

SET Up: The continuity cqiution says v,/l - r^/L . In Eq.( 14.17) cither absolute or gauge pressures can be used 
at bath points. 

Exec l TE: Using v aiv , 


• a p * tp*^ - »•; >+ pg<y, - r») 


p,*p 


=k+*(K-r»> 


p. - 5.00-10' Pa 1 (1.00-10‘ Itg.Jn'lj 11(3 .00 nvi> ; + (9 K0 mV'xl 10ml j- 1.62-10* Pa . 

EVALUATE: The dxreasc in speed and the dxreasc in height at point 2 both cause the pressure at point 2 to he 
greater than th: pressure at point 1 . 

IDENTIFY: Apply Benxmlli’s equation to the air flowing past th: wing. F - pA . 

SET Up: Let point 1 he at the top surface and point 2 be at the bottom surface. Neglect the pg(y\ - y\) tcim in 
Bernoulli’s equation. In calculating the net force take +> to he upwanl 
EXECUTE: p . pgy t ■, lpx - - P> * /W \ r . 

Pi -p - T ptf -»'/> = 4H .20 kg'm‘M|70.0 nvif -(60 0 m<l'| - 7S0 Pa . 

The ncl force excited by the an is p.A- p t A -{780 Pa)lI6.2 m’) = 12.600 N. Th: net foree » upsvani. 
EVALUATE: The pressure is lower where the fluid speed is higher. 

IDF-NTIFY: p - m tV Apply the equatKm of continuity and Bernoulli’s equation to pwints 1 and 2. 

SET UP: The density of water is 1 kg L. 

I!uiI n: *«) -,.30,,,. 


60.0 s 




14-10 < hiiptcr 14 


<b) The density of Ihc liquid Is - —r - HXHI k»'m\ and so the volume (low rale is 

0.355x10 m 

IOOOksfm' ~ 1 * 10 m, ‘ -1.30 LI. This raull may also be obtained from 1 ',v| 0 I JOL's. 

(e) y _ 1 1| " 11 nl ' 1 - 6.50 nv's. v, - v. 4 -1.63 m s . 

1 2 , 00 . 11 ) 'in’ ' 

(d) p, = p, . -p{ v: - v ;) ' pg )>-, - y, |. 

p - 152 kPa '<1000 ks m‘)(4[<l.63 m s) ; -<6.50 nv's) 1 ]' <9.50 m's’M-l 35 m)|. p, =119 kl*a . 

Evaluate: He increase in height and the irxreasc in fluid speed at point 1 both cause the pressure at point 1 to 
be less than the pressure at point 2 . 

14.45. IDENTIFY: Apply Bernoulli's equation to the two points. 

SET UP: y - Vj. Vj.4, - v 2 A 3 . A. - 2A i . 

Execute: p, pgy ,' = p, ’ pgy. *■4/H - v, = v,f A ]=(iso nv*)| -A. | -1.25 ms 

P, - Pi I.KO.IO' Pa --<1000 kg m'X|2 50 msf -|1.25 m sf) = 2 03.10* Pa 

Evaluate: The giuge pressure is higher at the sccood point because th: water speed is less there. 

14.4b. IDENTIFY and S*:T UP: Let point 1 be where ij - 4.00 cm and point 2 be where fj - 2.00 cm The volume flow 
rale vvl has the value 7200 em'/s at all poents in the pipe. Apply Iiq.< 14.10) to find the fluid speed at points I and 
2 and then use Bernoulli's equation for these twx> points to find p 3 . 

Execute: i \\ = v>t r t } = 7200 cm*, so V, - 1.43 m s 
\\A £ - v 3 xr? - 7200 cm', so v a - 5.73 m s 
P. + P&\ + irf - Pi + PfO'i + 7P'l 

>*, - >\ and p t - 2.40 x 10' Pa. so p : - p ♦ 4/* »f - ) = 2.25 x 10* Pa 
EVALUATE: Where the area decreases the speed increases and the pressure decreases. 

14.47. IDF.MIFY: F - p.i . where A is the cross-sectional area presented by a hemisphere. The force F u that the body 
buildcT mutt apply must equal in magnitude the rKl force on each hemisphere due to th: air inside and outside the 
sphere. 

Setup: a -.?■£.. 

Execute: (■) =</>.- p)x^-. 

<h) The force on each hemisphere due to the atmosphere rs 

*{5.00x 10 J m^f 1.013* 10* Pa atmX0.975 atml - 776 N . The bodybuilder must exert this force on each 
hemisphere to pull them apirt. 

EVALUATE: The force is 2*>out 170 Ihs. feasible only for a very strong person. The fccce required is proportional 
to the square of the diameter of the brmisphercs. 

14.48. IDENTIFY: Apply p- p,+ pgh and A V - - ■ .where B is the bulk modulus. 

SET UP: Seaw ater has density p = 1.03*10* kg/m*. The bulk modulus of water is B - 2.2 x |0 V Pa 
p„ =1.01x10' Pa . 

Execute: (u) = P.,+pgf>- 1.01x10* Pa + (1.03xl0* k^’m^.SO ms* )<10.92x10* m) = l. 10x10* Pa 

<b) At the surface 1.00 m* of seawater has miss 1.03x 10* kg. At a depth of 10.92 km the change in volume is 

AK - : ^ *' — = ‘ 1 ' 1 ' 1 1 : ,1< 1 |H A ‘ -0.050 m The volume of this mass of water at this depth therefore 
B 2.2xW Pa 

is V - V % -f W - 0.950 m . p - ^ 1 ' ^ —— l .08x 10* kg/m . The density is 5% larger than at the wirfacc. 

EVALUATE: For water B rs snail and a very large increase in pressure corresponds to a small fractional change in 
volume. 
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14.49. 


14.541. 


iDEvnrv: In part (a). tbc ftwvc is the weight of the water. In pari |h). the pressure due Li the water at a depth ft it 
pgh . F - pA and m - pV . 

si:r l T r: The density of water tx I 00 * 10* kg'm‘. 

EMCLTt: (n) The weight of the water u 

/ifj's(l*00»l0 v kg/rn’K') K0 nv* 2 )(<5.00 mk4.0m|(3.0 m>)^ 5.9x10' N\ 

(b| Integration gives the expected remit that the force is whit it would he if the pressure were uniform and equal to 
the pressure at thr midpoint. If d is thr depth of the pool and A is the area of one end of the pool, then 

pg.it - (I (HI* 10‘k.Km'X^-SOmV)((4.0 mXJ.O ml)(l.50 m|^ 1.76-10' N . 

E\AIA.\rt: The answer to part <a) can h: obtained a* F - pA . wbac p - pgd u the gauge pressure at the 
hnflnm of the pool and A - (5.0 mil 4 0 m J is ihc area of the bottom uf the pool. 

iDExnn’: Use EqJ 14.K) to find the gauge pressure versus depth, use Fq.| 14.3) to relate the pressure to the force 
un a strip of the gate, calculate the torque as forve litres mument arm. and billow the procedure outlined in the hint 
to calculate the total tottpie. 

Sir l *: The gate is sketched in Figure 14.50a 


Let f M be the uuque due to the nd force 
t>f the water cm the upper half of the gate, 
and r, be the umpic due to the force on 
the lower half. 


I icurc 14. 

With the indicated xiun convention, r, is positive and r u negative. *o tlie net torque about the hmoc w 



r - r, - r fc . Let //be the height of the gate. 

1 'mcr -half'of gale : 

Calculate the torque due to the force on a namm' urip of height dy located a distance \ below the top of the gate, as 
shown in Figure 14.5<Jb Then integrate to get the total torque 

The nrt force an th: strip is JF - /H.t’) d.l. where 
p{y ! — pgy is the pressure at this depth and 
di-Wdy with IF-4 01) m 
dF* pgyWdr 

The moment ami is l // *’2 - v L so Jr - pgf\'(If f2 - v)y dy. 

r.=/' 'drmft irj" \n(2- y)y dy - /*»*« H / A )y‘ - / / J)|,“ ’ 



liuurr 14 -SlHi 


*L-«n’(« , /i«-// , /a4»-/»*r<#/ , /4i) 

r, a(1000 kjm'K^.HO rai' «4fll m»2 (Hi ml’ 4S - 653S» I0 1 N m 

Consider the narrow strip shown in Figure 14.50c 
The depth of th: strip is (// f 2 r y) 
so the force dF ix 
dF = piv) dA ^ px\ H/2+yW dy 

The monxml arm is v. so dr - /’.gift tl 2 r v)v dy 

< l,nt >»>• - «*«» '*)>'' - y‘ '3)|“ ' 

r i “ //' /24| = pgtT (5//‘ /4* | 

r, = (1000 kg.W l(9.K0 m s* (4 00 m|5(2 00 m>V48 ^ 3.267* 10* N m 

Then r a r, -r. = 3-267x10* Nm-6.533*10' Nm-2.61 *10* N m. 

Evaluate: TTic forces and torques on the ippcr and lower halves of the gate arc in opposite directions so find 
the net value by subtr&rtmg the magnitudes. The torque on the lower half is larger than the torque on tbc upper half 
since pressure increases with depth 






I icurc 14.50c 
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14.51. 


14.52. 


14.53. 


14.54. 


IDEMIPY: Compute the force and the torqu: on a thin, horizontal strip at a depth h and integrate to lind the total 
force and torque. 

SET UP: The strip has an area dA - (dA)L .where dh is the height of the strip and l is its length. A - ///.. The 
height of the strip about the bottom of the dam is // - ft . 

Execute: (■> <IF - pdA - pghUh . F '>!F - pglf " lull* - pgUI'll - pgAHil . 

(b) The ti»rque about the boltixn on a strip of vertical thickness dh u dr - dF{ H - h ) - pgLh[ H - h )i//i. and 
inlc grating from H - Out h - II gives r - pgUl‘l6 - pgAll’lb. 

(c) The force depends on the width and on the square of the depth, and the torque about the bottom &pcnds on the 
width and the cute of the depth: the surface area of the lake dees ixit atTcci either result (fee a given wxllh). 
Evaluate: The force is equal to the average pressure, at depth //2 . times the area .1 of the vertical sid: of the 
dam that faees th: lake. But the torque is not equal to /*(//V2| .where H/2 is the moment arm for a force acting at 
the center of the dam. 

1DI-N11FY: The information about liuropa allows us to evaluate g at the surface of Eluropi. Since there is no 
atmosphere. p„ - 0 at the surface. The pressure at depth h is p - pgh . The inward force on the window is 
F x - pA . 

SET UP: # - , where G - 6.67 x 10 1 N • m : kg : . R -1.565 x 10* m. Assume the ocean water has density 

/•-LOO-10‘ kg m‘. 

Execute: * , <^7- l Q ” N m^Kd.TS-lQ- kg) ., , 0 m .., Thc Im , imum p[ctHllc at the win4)w „ 

(1.565x10' m)“ 


1750 N 


r - 1-56X 10* Pa . p - pgk so ft - ' ' f '' 111 1 " - 120 m . 

‘ (0.250m)* (1.00x10' kgm*Xl 30ms ) 

Evaluate: 9750 N is the inward force exerted by the surrounding water. This will also be the net force on the 
window if the pressure inside the submarirx is essentially zero. 

I DEN 11FY and S*:r U P: Apply l:q.( 14.6) and solve for g. 

Then use Eq.f 12.4) to relate g to the mass of thc planet. 

Execute: p-ft^pxd. 

This expression gives that g - ip- p t Y'pd - ip - pJVhnd. 

Hut also g - Gm 9 1 R : (l:q< 114| applied to the planet rather than to earth.) 

Setting these two expressions for g equal gives Gm^R* -ip - p 9 )V}»\d and m 9 - ip - p lt )\'R?:Gtnd. 

EVALUATE: The greater p is at a given depth, the greater# is for the plaixl and greater g means greater 
IDEVIIPY: Thc buoyant force B equals the weight of the air displaced by th: balloon. 

SET UP: B - PJFg . Let #>, be thc value of# for Mars. For a sphere V - ~xR h . The surface area of a sphere is 
given by A - 4,t R' . ITic mass of the balloon k (5.00 x 10 * kg rii i )(4T/? i ). 

Execute: u> B - m# M . pJ r g yA -tng u • p m i*R x -(5.00xio ‘ kgfai J )(4/rtf J ). 


3(5.00x10 ‘ kg m') 




D.974 m. m- (5.00x|0 kg/nTMr/r)* 0.0596 kg. 


4.T 


(H) F m =B-mg*ma. B - pjg ^ p^srR'g - (I 20 kg m‘)| — j(0.974 m)|9.H0 ms’)- 45.5 N 


B - mg 45.5 N - (0.0596 kg 1(9 80 mV > 


- 754 m'i J . upward. 


m 0.0596 

Ic> B - m fc4 # . Pm4 Vg . (m ww + m^ )g - p„ 4 r xR l - (5.00x 10 > kgW UxR* 


(0.0154 k^'m" 1^ilj(5|0.974 m])* -(5.00x10 1 k^m-X4^K5|0.974 m]) 2 


«kw-?-45kg -! 49 kg - 5.96 kg 

EVALUATE: The buoyant force is propnrtxmal to R‘ and the mass of the balloon is proportional to R\ so the 
load that can he earned increases \vb:n thc radius of the balloon increases. We calcuhtcd the mass of thc load. To 
find thc wciebt of the load we would nred to know the value of# for Mars. 
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14.55. 


14.56. 


14.57. 


IDENTIFY: Follow the procedure outlined in part (b). For a spherically symmetric object, with total miss m and 
radius r. at points on the surface of the object. g(r) - GVirr*. 

Si:r UP: The earth has mass m. - 5.97 * I0 :< kg. If g(r) is a maximum at r - r . then — - 0 for r - / lt4 . 

dr 

EXECUTE: (a) At /• - 0. the model predicts p - A - 12.700 kg m' and at r - R, the model 
predicts/? - A- BR - 12.700 ku. m‘ — (1.50x 10 1 ku’m'#6.37x10* m )^3.l5xl0 ; kffm\ 


M J ^x<6.37, l O-n,r | |2 700 ^ w _3(1.50.10 1 kgm>(6.37’ 10* m,1 ^^ 


which is within 0.36% ot the earth % 

(cl > If m\r) is used to derate the miss contained in a sphere of radius r. then g - C«(/ , |/r J . Using the same 
integration as that m part (b>. with an upper limit of r instead of R gives tlx result. 

(e> x^Oatr^O, and^atr^ tf. 

g=Cm(R)tR'= (6673x10 " N m J kg*)(5.99x lO* 4 kuV<6.37xl0‘ ml*'-9.85 ms*. 


(0 


and at this radius 


- ] i^L ji Ar - l!!L = J iiii [ A - U!L ( . Setting this equal to zero gives /* - lAilR - 5.64 
4t(6.675x 10'" N m’.'k S I MI2.700 ku,m 1 ) 1 


io- 


ID . 


90.50x10 ' kc m'l 


10.02 mV. 


Evaluate: If the earth were a unifonu sphrre of density p . then g (r) - --’ —|r. the same as setting 

r l 3 

& - 0 and A - p in g(r) in part (d). If is the value of /* m part (f> where g{r) is a maximum, then 
r ^/R - 0.885 . Fora umform sphere, £|r( is maximum at the surface. 

IDEMIFV: Follow the procedure outlined in pirt (at. 

SET UP: Tlx earth has mass .1/ - 5.97 x 10 : * kg and radius R - 6.3S x 10 ’ m . Let g % - 9.S0 mfe J 
EXECUTE: (u) Equation (I4.4K with the radius r instead of height v. becomes dp - -pg\r\dr - -pg t {r*R\dr. 
This form shows that the pressure dxreascs with increasing radius. Integrating, with p - 0 at r - R, 

K K >' 2R 

Iht Using the above expression with r - 0 aixl p - - — VV T . 

I 4.t R 

,„» a *5.97’10“ W”. nrtl >» l .7 l , l tf' ia . 

8.t| 638x10* mr 

(c) While the same order of magnitude. this is not in very good agreement with the estimated value. In more 
realistic density models (see Problem 14.55). tlx concentration of mass at lower radii leads to a higher pressure. 
Evaluate: In this model, the pressure at tlx center of the earth is about 10* times whit it is at the surface. 

(a) lOl.NTlEV and SET Ur: 


Apply p - p % + pgh to the water 
in the left-hand arm of the tube. 
See Figure 14.57. 
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EXECUTE: *o the gauge pressure at the interface (point 1) is 

p- p 4 - pgh ■ <1000 k&W *9.80 mb 3 XO. 150 m) - 1470 Pa 

<l>) IDENTIFY and SET UP: The pressure at point 1 equals the pressure at point 2. Apply liq.i 14.6) to the right- 
hand arm of the tube and solve for h. 

Execute: P\- P* + /\#(0.IS0 m) and p 3 - p 4 -f Pu t g(Q .. 150 m - A-1 
p i - p : implies p m g< 0 . 1 50 m l - /^g< 0 . 150 m - h) 

0.150 m-ft - 10 150 nl1 - < 1000 k * m l, ° 15,1 ml -0.01. m 

/■„. I J.6» 10 kg'm 

ft -0.150 m-0.01 1 m = 0.139 m a 13.9 cm 

Evaluate: The bright of mercury above the bottom level of the water is II cm. This height of mercury 
produces the same gauge pressure as a height of 15.0 cm of water. 

14.58. Ideyiify: Follow the procedure outlined in the hint. F - pA . 

SET Up: The circular ring has area dA - {2xR)d }'. The pressure due to the molasses at depth y is pgy . 

Execute: F - J (pgyKlsR)J\ - pgxRh' where R and ft are tb: radius and height of the tank. Using the given 
numerical values gives F - 5.07 x 10* N. 

EVALUATE: The rct outward force is the area of the wall of the tank, A - 2.7 Rfi . times the average pressure, the 
pressure pgh /2 at depth k /2 . 

14.59. IDENTIFY: Apply Newton’s 2nd law to the harge plus its contents. Apply Archimedes' principle to express the 
buoyancy force B in terms of the volume of the barge. 

SET UP: The tree-body diagram for the barge plus coal is given in Figure 14.59. 

v 

Execute: - »*», 

**"'■ ’W * 

J_, PJ'^S - ■» 

*'*W*"V»I>* 

Figure 14.59 

= <22 m» 12 mH 40 m) = 1.056-10* m' 

The mass of the barge is = pj\* where s refers to steel. 

From Table 14.1. p t - 7H00 kg m\ The volume \\ is 0.040 m tmxs the total area of the live pieces of steel that 
make up the barge: 

I’ - (0.040 mi(2(22 mX 12 ml .• 2(40 mM 12 m) * (22 m)(40 m)]*94.7 m\ 


Therefore. - p)\ - (7800 kgm‘)(94.7 m'( = 7.59-10 1 kg. 

Then - pY^-(1000 kgm‘Kl.056-10*m)-7.59-10* kg-9.8-10* kg. 

The volume ofthisirau of coal i* r_, - -9.8-(O' - kg'1500 kgln'- 6500 m 1 ; this is less that to 

it will fit into tb: barge. 

EVALUATE: The buoyancy force D must support both tb: weight of the coal and also the weight of the barge The 
weight of the coal is about 13 times the weight of the barge. The buoyancy force increases when more of the barge 
is submerged, so when it bokls the maximum mass of coal the barge is fully subm^ged. 

14.60. IDENTIFY: The buoyant force on the balloon must equal the total weight of the balloon faboc. the basket and its 
contents and the gas inside the balloon, - pjt . B - p m Vg . 

SET UP: The total weight, exclusive of the gas inside the balloon, is 900 N r 1700 N r 3200 N - 5S00 N 

Execute: 5800 N . P V - pY and <> -1.25 kg'm' - -- 0.96 kg m*. 

■” ' ' **“ * (9.80 mV H2200 m ) b 

EVALUATE: The volume of a given mass of gas increases when the gas is heated, and the density of the gas 
therefore decreases. 
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14.61. 


14.62. 


14.63. 


Identify: Apply Newton's 2nd law to the car. The buoyancy force is given by' Archimedes’ principle. 

(a| SET UP: The fire-body diagram ft>r the tloating car it given in Figure 14.61. (1^ is the volunv that is 
subnxrged .) 


tr' 

Figure 14.61 


Execute: -»\< i t 


KJKh *( ( 90a m l )*X3.0 m*)- 0.30^ 30% 

Evaluate: The average density of the car is (900 kgV(3.0 m - 300 kg. m 1 . p m ip M - 0.30; this equals 

V J V * 

<b) SET UP: When the car starts to sink it is fully subnCTgcd and the buoyant force is equal to the weight of tbc 
car plus the water that is inside it. 

EXECUTE: When the car is trill submerged - V y th: volume of the ear and 
& - *<1000 kg m*K3.0 m‘H9.80 mr'> = 2.94 x 10* N 

The weight of the car it ntg - (9(10 kg*9.S0 nvi’»- SS20 N. 

Thus tlue weight of the water in the car when it sinks is the buoyant (sieve minus the weight of the car itself: 

/t?^ ( = <2.94xl0 4 N-8820NV(9.80ms i > = 2.10x|0 < kg 
And 2-IOxlO 1 kgXIOOO kg m') = 2.10 m' 

The fraction this is of the total interior volume is (2.10 m*)/(3.00 m')-0.70 - 70% 

EVALUATE: The average density of the car plus the water inside it is (900 kg -t 2100 kgV<3.0 m* I - 1000 kg m\ 
so p^ - when the ear starts to sink. 

iDT.vim: For a tloating object, tlue buoyant fcecc equals the weight of the object. !i - . 


SET UP: Water has density p - 1.00 g.’cm'. 

EXECUTE: (a) The volume displaced must he that which has the same weight and mass as the ice. 


9.70 gm 


r -9.70 era*. 


1.00 govern 

(b) No; w hen melted, the cube produces the same volume of w ater as was displ&rcd by the floating cute, and the 
water level dees ixit change. 

IQ **—■. ,24 c‘ 

1.05 gm em 

(d) The melted water takes up more volume than the salt water displaced, and so 0.46 cm' tlows over. 
Evaluate: The volume of water from the melted cube is less than the volume of the ice cube, but the cube 
tlixits with only pari of its volume submerged. 

IDEN : For a tloating object the buoyant force equals the weight of the object. The buoy ant force when the 
wood sinks is 8 - p t ^K M g . when: K M is tlic volume of the wood plus tlic volume of the lead, p - mfY. 

Ski UK The density of tad i t 11.3 «10* kgW. 

Execute: - <0.600 m <0.250 mMO.OSO ml- 0.0120 m'. 

= P^J'^4 = <»<0 kg m'»0.0120 m 1 ) = 7.20 kg . 

B ^P.J'.S v „ aV -. B> v “ * = 

"k- i|w ' 1 s 1 '*' p *.* p^}'^. ■ 


- 


000 k,m'„00.2)m,-7.20 kg^ 466M|0 . m , 
11.3x10' kcW-IOOO ksm 


«»-! - - 5 -27 kg 


p r + — p^, ii.jxiu kgm -1000 kgm 
EVALUATE: The volume of the lead is only 3.9% of the volume of the wood If the contribution of the volume of 

tlic lead to F u is neglected, the cakzulation is .simplified: 0 _ F__«g - (nr v ^ -f and m - 4.8 kg . The 

result of this calculation is in error by about 9%. 
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14.M. 


14.65. 


14.66. 


iDEVIin: Tl>c fraction/of Ihc volume that floats above the fluid ti / -l - ——, where p is the average density 

P%ml 

i 

of the hvdronxlcr ( see Problem 14.29k This gives . - a 




Set UP: The volume above the surface is Ad, where /« « tiv height of the stem above the surface and A - 0.403 cm 
EXECUTE: If two fluids arc observed to hav e floating fraction / and f.. />, - --. Using 

/■ ■ -«»• * ■ -—- *1 '*»*- -«^ 

Evaluate: When p^ increases, the fraction/of the object’s volume thit rs above the surface 

increases. 

(a) liXMih: Apply Newton's 2nd law to the auship. The buoyancy force is given by Archinxdes' principle; 
the fluid that exerts this farce is th: air. 

SET UP: The free body diagram for the dirigible rs given in figure 14.65. The lifl corresponds to a mass 
m it =(l20x|0‘ N T > (9.80nVs J ) - 1.224x10* kg. The mass m lA is U224xl0 4 kg plus the mass of the gas 
that fills the dirigible, ii is the buoyant force exerted bv tlie air. 


u-o T*-'- 1 * 


EXECUTE: =«i, 

0 

P.}'X = (1.224 k I0‘ kg * m lg 


Figure 14.65 

Write m vst in terms of V: - p^y 

And let g divide exit; the equation becomes p„Y - 1.224 x 10* kg f p V 


1.224-10* kg 

” 1.20 kg'm* - 0.0899 kgm' 


1 10-10* m 1 


EVALUATE: The density of the airship is less than th: density of air and the airship is totally submerged in the 
air, so the buoyancy force exceeds the weight of the airship. 

<b) SET UP: Let m 4l be the mass that could he lifted. 

EXECUTE: Fromp»r1 (a), - (/■., -(1.20kg'm 1 -0.166kgm'Kl. 10x10* m')-l. 14x10* kg. 

The lift force Ii m lt =(1.14-10* kg*9.S0 m»'»-112 kN. 

EVALUATE: The density of helium is less than that of air hut greater than that of hydrogen. Helium provides lift, 
but less lifl than hydrogen. Hydrogen is not used because it rs highly explosive in air. 

IDLVIIFY: TTtc vertical forces on the floating object must sum to zero. TT>c buoyant force ii applied to the object 
by the liquid is given by Archinxdes's principle. The motion is SUM if the net force on the c&jcct is of th: form 
F t - -Ay and then T - . 

SETUP: Take +y to he downward. 


Execute: (ii) - Li . where L is the vcrtkal distance from the surface of the liquid to the bottom of the 

M 

object. ArchimnJes* principle states pgLA - Mg % so L -—. 

pA 

(H| Tlie buoyant force is pgA(L -t y) - Mg + F . where y rt the additional distance the object moves downward. 
Using the result of part (aland solving lory gives r - —— 

(c) Tlie net force is F. - Mg - pgAiL *f y| - -pvAv . k - pgA % aixl the period of oscillation is 



EVALUATE: The force A* determines the amplitude of the motion but th: period docs not depend on bow much 
force was applied. 




14.67. 


14.68. 


14.69. 


14.70. 
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IDENTIFY: Apply the results of problem 14.66. 

SET L T P: The additional force F applied to the buoy is tb: weight w - mg of the man 

n (700 kg) 


EXECUTE: lal.Y- 




- - 0.107 m 


pgA pgA pA (|.03xl0‘ kg/m |r(0.450m) 

(h) Note that in part (c) of Pretolcm 14.^. M is the mass of the boov. nat tlie mass of the man. and A is the crow 
section area of the buav. not the amplitude. The period it then 


r - 2n ,_. 2.42 s 

(1.03 x 10* kg m )9.S0 mV )*(0.450 m Y 

EVALUATE: The period is independent of the mats of the man. 

iDEMllY: Attcr the water leaves the hote the only force on it is gravity. Use conservation of energy to relate thr 
initial speed to the height the water reaches. The volume flow rate it Av. 

Setup: A-ztfi 4 

Execute: «u» lwv ! -mgh. v - J2?fi - .k(9S0 mV 1(35.0 m) - 26.2 m>» . <*£>'/4>v = 0.500 mV. 


n - j 4 |Q.5M, l ' l ) -j 


4(0.500 rn'i ) ) 4(0,51X1 m<‘> 

.t( 26 ! m <( 


456 m - 15.6 cm. 


(hi D r it constant so if D it twice at great then »• is decreased by a factor of 4. k is proportional to v’ % to /i is 

decreased by a factor of 16. k - ■ * ' - 2.19 m . 

7 16 

EVALUATE: The Larger the daanxter of the no/zic the smaller the speed with which the water leaves the hose and 
the smaller the n via imum height. 

iDIAIlfrY: Find the horizontal range x os a function of the height y of tlie hole above the bate of thr cylinder. 
Then find the valia; of v for which x is a maximum. ()ncc the water leaves the bole it moves in projectile motion 
SET L’P: Apply Bernoulli's equation to points 1 and 2. wIktc point 1 is at the surface of the water and point 2 is in 
the stream as tb: water leaves the hole. Since the hole is small the voIuhk flow rate out the hole is small and v » 0 


y x - v a -//- l and p { - p i -. lor tlie projectile motion, take +y to be upward: a t - (land a t - -v.nu m s 
Execute: <u> p r />£>, *• - p s ♦ pg}\ + y/wjgives v 2 - yjl #(//->*). In the projectile motion, v §> - 0 and 




i - y, - -y, so y- v, -v,J f ja/giia / - I— -. The horizontal range is i - \ (l / - v ; j - 2 Jv(ff - y I . TTie> 


tliot gives maximum x satisfies — - 0 . (//>*- v*) ' 1 (If - 2 r) - 0 and y - if > 2 . 


(h) x ^ 2j\(ff-v) ^ 2 n i\7/. 2X//-//,' 2) = If . 

Evaluate: A smaller y gives a larger »\ . but a smaller time in the air afler the water leaves the hole. 

IDEMIIY: Bernoulli's equaticai gives the speed at w hich water exits the hole, and from this we can calculate the 
volume flow rale. TTiis will depend on the height h of the water remaining in the tank. Integrate to find h versus /. 
The time for the tank to empty is I for which h - 0. 

SET L t P: Apply Bernoulli's cquition to poont I at the top of the tank and point 2 at the hole. Assume the cross 

dk 

sectional area A x of the tank is much larger than the area A. of the hole, v, - - —. when: the minus siirn is 


because /i is dccreasini! and dhidt is negative, wb^eas v, is positive. 


EXECUTE: p + pgy\ + - p, ♦ pgy, * 4/n< gives |J - 2g/i + v; . Ay t - A A, gives v* = -± vj and 




«jih 4 


a. 


A ,l)i 


- 2 gh . A , « io il - J2gh . v - ---t and v, - --Combining these two equal loot 

dl A. ' ' A.dl 


for ..gives *£-m-dLj 2 gh' * ]dl. J* m “i 7 "^ \\, * ***** 2(V*-^ST)— 


J,\ i A , 


■ dh ! A. 
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(hi *-(l when / - —1 - 


Fn ai i in: Hie time f for the lank Id empty decrease* when the area of the hole is larger / increases when li 
mai jici Ixvauw fur filed A»> an increase in At corresponds Id a greater vDlume of water initially in the tank. 

14.71. iDt.Vlin: Apply the 2nd condition of equilibrium hi the balaixe arm and apply the lint condition of equilibrium 
to the block and to tlie brxiti mat* The buoyancy force on the wood is given by AnrltimtsJcs* principle and the 
buoyancy force on tlte bntts new is ignored. 

SFr Ll: The object* and forces arc sketched in Figure 14 71a 



The buoyant force on the brass it neglected, 
txil we mclude the buoyant forec B on the 
block of wood. n and t\ are the 


forces exerted by* the balance arm on which 
die objects xit. 


The frec-hadv diauram far t hz balancr arm is given in Figure 14.71b 



Extern: r> 
ir % £-*£-0 
n -ir t 


Figure 14.7 Hi 

SFr ll': The frre-body diagram for the brass mas* n given in Figure I4.?lc 

Execute: Vf; a. me 
0 

•K * 

Figure 14.71c 

The free-Kidv diauram for th: bkick of wood is given in Figure 14 7 Id. 



14.72. 


tta 


* rf-C 


Eft- 


Figure 14.71 cl 


But tt v - n. implies /hjz - g - B 

Ami B-pJ'.g = p^m.)p.)g, to ms *m.g~P„ I 
m 0.0950 kg 


JP. «• 
90958 ka 


I -pjp. I —<<1-20 kg'm )/|IS0 kg'm )) 

E\ ah: Aft: The mass of the wool ts greater than the mass of the brass, the wood is partially supported by the 
buoyant forec exerted by the air. The buoyancy m air of slur brass can be neglected because the density of brass is 
much mere than tlie density of air: the buoyancy forec exerted on the brass by the air is much lew than the weight 
uf the brass. Tlie density of the balsa wotxl is much less than the density of the brass, so the buoyancy force on tlie 
balsa wood is not such a small fraction of its weight. 

IDKXIIFY: B - /if ' A g Apply Newton's second law to the beaker, liquid and block as a combined object and also 
to the Hock as a single object. 

Sn L>: Take + r upward Let F, t and be the forces corresponding to the scale readme. 











fluid Medianics 14-19 


14.73. 


14.74. 


Execute: Forces on the combined object: F 0 -t F g ♦ M'* tw;)-0. w A - F A -t F g - w M - u\ . 

D and 11 read mas* rather thin weight so write the equation as m A - m. } + m x - m, -«< . m lt — F.jg is the reading 
in kg of scale D\ a similar statement applies to . 
m A = 3.50 kg * 7.50 kg -1 .CO kg -1 .SO kg - 8.20 kg . 


11 


-.-^_8^0kg-3.50kg Bl24)<|0 , 1( g W 


* KG* 10 m 


(b) D reads the mass of A: S.20 kg. F reads the total mss of O and C 2.80 kg. 

Evaluate: The sum of the readings of the two scales remains the same. 

IDENTIFY: Apply Newton’s 2nd law lo the ingot. Use the expression for the buoyarxy force given by 
Archimedes’ principle to solve tor the volume of the ingot. Then use the facts that the total miss is the mass of the 
gold plus the mass of the aluminum and that the volume of the ingot is the volume of the gold plus th: volume of 
the aluminum. 

SET Up: The free body diagram for the piece of alloy is given in Figure 14.73. 


1 


r - w>n 


!„* *-450N 




Execute: = r 

B+T-m m g- 0 
B = m M g-T 

!i - 45.0 N - 39.0 N - 6.0 N 


Figure 14.73 

Also, = 45.0 N so rn m - 45.0 N.f^KO nVs J ) = 4.59 kg. 

We can use the known value of the buoyant force to calculate the volume of the object: B - pV^R - 60 N 
6.0 N 6.0 N 


r.. ^ 


- 6.122x10 ' 


P.X (1000 kgm'x9.80 m s' ) 

We know two things: 

(1 ) The mass m of the gold plus the mass of the aluminum must add to m M : m ( -t = rr M 
We WTite this in terms of the volume K arxl F of the gold and aluminum: pV % + p)\ = 

(21 The volumes F and \\ must add to give V+z V t + \\ - so that \\ - V d% - \\ 

Use this in the cquaticei xn (I) to eliminate V A : pf \ + P*(K* “^) = 
y J.59 kg - (2.7 »IQ 1 kL l m l(6.l22-10 * m‘) , 769<|0< 

• P § -P. 19.3 *10 kg m -2.7 *10* kg m 

Then m u - p % V % = (19.3x 10* kg nFHI .769x10^ m ) - 3.41 kg and the weight of gold is w g - m t g -33.4 N. 
Evaluate: The gold IS 29% of the volume but 74% of the mass, since the density of gold is much greater thin 
the density of aluminum 

iDEViifY: Apply £/**, - nttf. to the bull, with +y upward The buoyant force is given by Archimedes’s 
principle. 

Si:r UP: The ball’s volume es V = Ixr' - 1x02.0 cm)* - 723S cm . As it Heats. it displaces a weight of water 
equal to its weight. 

Execute: (u| By pushing the ball under water, you displace an additxmil amount of water equal to 84% of th: 
ball’s volume or (0.84X7238 cm*) - 60X0 cm 1 . This much water has a mass of «I80 g - 6.0X0 kg and weighs 
(6.080 kgH.9.80 m/s 2 ) = 59.6 N. which is how hard you’ll have to push to submerge the ball. 

(b| The upward ferce on the ball xn excess of its own weight was found in purt fa): 59.6 \. The ball’s mass is equal 
lo the miss of water displaced when the hall is floating: 

(0.16)(723S cm'xl.00 s cm 1 ) = 115H c = 1.158 kg. 


ind its acceleration upon release is thus a -—^— 


F m 59.6 N 


-51.5 mV . 


m 1158 kg 

EV ALUATE: When the ball is totallv immersed the upward buovant ferce on it is much larger than its weight 
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14.75. <a) IDENTIFY: Apply Newton'* 2nd law to the crown. The buoyancy force is given by Archinvclcs' prinripic. 

The target variable is the ratio pjp^ (c - crown, w - watery. 

SET UP: Tbc tree-body diagram for the crown x* given in Figure 14.75. 

y Execute: 

T+B-*=0 
r- 

B - pVj, when: 
p s - density of water. 

V t - volume of crown 

Figure 14.75 

Then /w+p H V t g - vr - 0. 

<l-f)w = p,V'g 

Use w - p t V % g, when: p> - density of crown. 



14.76. 


—-, ax wax to be xhown. 

A >-/ 


f —* 0 gives p K t p^ - 1 and T - 0. These value* an: consistent. If the density of the crown equals th: density of 
the water, the crown |u*t floats, fully submerged. and the tension should be zero. 

When / -* 1. p t » p % and T - n*. If p t » p\ m thm B is negligible relative to the weight irof the crown and T 
should equal n*. 

(by “apparent weight" equals T in rope when the crown is immersed in water. T - fvr, so need to compute/. 
p. - 19.3* 10‘ kg.ln‘; p . -1.00-10' kgm‘ 

^ i _ L i lll i^ksW ; _L 

P" 1 -/ 1.00x10* kgm 1-/ 

19.5 -1/(1 -/) and / = 0.9482 
Then 7* - /w = <0.**82)(l2.9 N) = 12.2 N. 

(c) Now the density of the crown is very nearly the density of lead; 
p t =11.3x10* kg/m*. 

p^ 1 - / 1.00x10* kg m 1 - / 

ll.3 = l/(l-/> and / = 0.9 11 5 

Then T = /w = <0.9115X12.9 N) = 11.8 N. 

EVALUATE: In part (c) the average density of the crown is less thin xn part (b). so the volume is greater. B is 
greater arxl T x* less. These mcasurcnxnts can he uses! to determine if the crown is solid gold, without damaging 
the crown. 


IDENTIFY: Problem 14.75 says 




where the apparent weight of the object when it is totally 


I-/ 

immersed m the fluid is /W. 

SET UP: For the object in water. - w^Avand fee the object in tbc unknown fluid. 

I _ _ 1 

PkMl H—/?... H— h: 


Execute: (u> ^=- - 


Dividing the second of these by the lirst gives 


Aw 

M *“ 

<l»> When uy^ is greater than the term on the right in tbc above expression rs less thin c*ic. indicating that 
the fluids is less dense than water, and this is consistent with the buoyant force when suspended in liquid being less 
than that when suspended in water. If the density of the fluid is the xarw as that of water vv^ - . as 

expected. Similarly, if is less than . the term coi the nght in the above expression is greater than one. 
indicating that the flukl is denser than water. 
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(c> Writing the result of part ia) 




P^ 


zh± 


and solving for 


(* " A.,)= I -(1-220) (0.128) -0.844 - 84.4%. 


EvALUATE: I’Drnuc acid has density greater than tlx density of water. When the object is immersed in formic 
rod the buoyant fcecc is greater and the apparent weight is less than when the object is immersed in water. 
IDEVYIPY and SET UP: Use Archimedes* principle for B. 

(a) B F M g. where is the total volume of the object. 

V m a V\ + V v , where Y m rs the volume of the metal. 

Execute: V. = ™gp„ «. V m = wtgp,. + V a 
Thu give* B - p^giw/gp, r »',) 

Solving for Y tt gives l\ - B^p^g)- wf(p*JZ [ as was to be shown. 

(b> The expression derived in part (a) gives 

20 N 156 N 

ilOGOkg m'X9.80ms> (8.9 x 10' kg/m'l^.KO ms') 

B 20 N 

(HKXl kg m* )9.80 ms I 

When V v -* 0. the object is solid and F = V\ = wJ(p,g)- For I' - 0. the result in part (a) gi\ 


V = 


Km 


2.52x10 4 m" 

-2.04x10 ‘ m' and VJV^ = (2.S2xl0 4 ml.'OXM* 10 ‘ m^-O.^d. 


P..»K 
EVALUAll.: 


B - t )y\ - which agrees with Arehimedes' principle. As Y t increases with the weight kept 

fixed, the total volunx of the object increases and there is an increase in B. 

Idem itx: For a floating object the buoyant fixvc equals the weight of the object. Archimedes's principle says 
the buoyant force ojuals the weight of fluid displaced by the object, m - pY . 

SET UP: Let d be the depth of the oil liver, h the depth thit the cube rs submerged in the water, arxi /. be the 
length of a side of the cube. 

EXECUTE: (u| Setting the buoyant force equal to the weight and canceling tlx comnxm factors of g and the 
cross section area. <10001& +(750tf - (5S0|£. . rf. A and/, arc related by J +• h -t 0.35/. - /..so /j - 0.65 L-d. 

Substitution into the first relation gives d - /. ^ * j(nVn \ ~ ” 0.040 m . 

(b| The gauge pressure at the knver face must he sufficient to support the block (the oil exerts only sideways forces 
directly on the block), and p - p^gL = (550 kg*n ; )(9.80 m's : )(0.1<Xl m) - 539 Pa. 

Evaluate: As a check, the gauge pressure, found from tlx depths and densities of the fluids, is 
(<0.010 mx?50 kgm*)-f (0.025 mX 1000 kgWjP-SO mv» - 539 Pa 

IDEMIPY and SET UP: Ap*plv the first condition of equilibrium to the fcurge plus the anchor. Use Archimcdrs* 
principle to relate the weight of the boat and anchor to the amount of water displaced. In both cases the total 
buoyant fcccc must equal the weight of the fcurge plus the weight of tlx anchor. Thus the total amount of water 
disphxcd must be the same when the anchor is in the boat as when it is over the side. When the anchor is in the 
water the barge displaces levs water, less by* the amount the anchor displaces. Thus the barge rises in the water 
EXECUTE: The volunx of the aixhor is F ^ - mip - (35.0 kg» <7860 kg m‘) - 4.456 x 10 ‘ m*. The barge rises 
in the water a vertical distance h given by f\A - 4.453 x 10 m . where A is the area of the bottom of the barge. 
*-<4.453x10 * m*).'(8.00 tn* % >= S.57x 10 4 m. 

EVALUATE: The fcurge rises a very small amount. Tlx buoyancy force on the barge plus the buoyancy force on 
the anchor must equal the weight of the barge plus the weight of the anclxir. When the anchor is in the water, the 
buoyarxy f«cc on it is less than its weight (the anchor doesn’t float on its own), so part of the buoyancy force on 
the barge is used to help support the aixhor. If the rope is cut. the buoyancy force on the barge must equal only the 
weight of the barge and the barge rises still fartlxr. 

iDEMin : Apply V/’ - nui, to the fcurrel. with t) upward. He fcmoyant force on the barrel is given by 
Archinxdes’s principle. 

SET UP: p ^ . An object floats in a fluid if its average density is levs than the density of the fluid. The 

density of seawater is 1030 kg m*. 

EXECUTE: (u) The average density of a filled turcel rs m ‘* * 750 kg. m > ° ^ - 875 kg-'m*. 

which is less than the density of seawater, so the barrel floats. 
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(b) The fraction above the surface (see Problem 14.29) is 


I- 




S75 kg m' 
1030 to m 


-- 0.150 - 15.0*ft 


(cl The average density is 910 kg m -f '" U - 1172 kg m\ which means the barrel sinks. In order to lift it. a 

0.120 m 

lemiccn f = *•„ - fl-11177 kg,'m‘)<OI20 m‘)f9.S0 mV)-(1030kgftn'HO.20 m‘M9.S0ml 1 ) = 173 \ Is 
required. 

EVALUATE: When the barrel Moats, the buoyant fcrce B equals its weight, w. In part (c) the buoyant force is less 
than the weight arxl T = w-B . 

IDENTIFY: Apply Newton’s 2nd law to the block. In part (at. use Archimedes* principle for the buoyancy force. 
In fxirt lb), use I:q.| 14.6) to find the pressure at the lower face of the block and then use fq.< 14.3) to calculate the 
force the fluid exerts. 

(a) SET UP: The free-body diaerain for the block is given in figure 14.81 a. 


r 


i 


*>-<» 

— X 


Execute: yr - ma t 
B-mg* 0 
PlK+* * P l .*S 


MX 

Figure 14.8 lu 


The fraction of tlx volume that is submerged is V^iV^ - /v/V 
Thus the fraction that isufanv the surftxe is V^JV^ - I ~/VA.- 
EVALUATE: If Ai - A M«xk k totally submerged as it floats. 

(b) SET UP: Let the water layer have depth J. as shown no figure 14.81b. 


-*ir 

1 wiirc 

w IL 

J 

IKIllll 


Execute: p l g(L-d 

Applying ^ f\ - ma to the block gives 
(P~P*)d-mg = 0. 


figure 14.81b 

!/>.£</ -* p^(L-d)\A •PaLAg 
A and g divide out and p,d r p i {L - d) - p^L 
d <P, -P.)-<P„ ~P,)L 


d=\£ lZ£l\i 


Pi -p« 

(fW 13.6•* 10' kg m* - *.S «10' kg m‘ | . aM6fl m _ 4 60 cm 

l 13.6 x 10* leg.m* -1000 kg m J 

Evaluate: In the expression derived in part (b). if p u - f\ the block floats in tlx liquid totally subnxrgcd are! 
no water needs to he added If p i -> p m the block continues to float with a fraction 1 - pjp^ above the water as 
water is added, and the water never reaches the top of the block id —* <w). 

IDENTIFY: fee the flouting tanker, the buoyant force equals its total weight. The buoyant force is given by 
Archmxdcs's prineiple. 

SET UP: When the metal is in the tanker, it displaces its weight of water and after it lias been pushed overboard it 
disphxes its volume of water. 

EXECUTE: (u) The change in height Ay is related to the displaced volume AV by Ay - . where A is the 

surface area of the water in the lock. Af is the volume of water that has the same weigh! as the metal, so 

A „ = A» - ^ M . g , = » a _ lJ 50 - |0>Nt _-02.3 m. 

A A p gA (l.WxlO* kgm , K9.80mV)«60.0mH20.0m)| 
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(b| In this case, Al* is the volume of the metal; :n the above expression, p etvt is replaced by />, „ - 9.00 p, 
which gives Av - and Ay - Ay - ~ Ay - 0.189 m: the water level falls this amount. 


Evaluate: The limsity of the metal is greater than the density of water, so the volunx of water that has the 
same weight as the sled is greater than the volume of water that has the same v olunx as the steel 
iDLN nn: Consider the fluid in the horizontal part of tlx tube. This fluid, with mass pAI, is subject to a net 
force doc to the pressure difl'cretxc between the ends of the lute 

SET UP: The ditTcrcnce between the gauge pressures at the bottoms of the ends of the tubes is flg(y L ->'*). 


EXECUTE: The nd force on the horizontal part of the fluid is pg(j\ - y t )A - pAla % or. (v, - y k ) -—/. 

(b) Again consider the flukl in the horizontal part of the tube. As in port la), the fluid is accelerating: the center of 
mass has a radial acceleration of magnitude - aT/i' 2 . and so the difference in heights between the columns 
is IrwV.'2)(/•'£) - ta VV2/J. An equivalent way to do part (b) is to break the fluid in the horizontal part of the tube 
into elements of thickrxss Jr; the pressure difl'cretxc between the sidrs of this pxce is dp - p\to r)dc and 
integrating from r - 0 to r - / gives Ap - /w7V2* the same result. 

EvALl* ATE: (c) The pressure at the bottom of each arm is proportional to /'and the mass of fluid in the 
horizontal portion of the tube is proportional to/7. so /> divides out and the results are ir.depcn.leot of the density of 
the fluid. The pressure at the bottom of a vertical arm is independent of the cross sectional area of the arm 
Newton's second law could be applied to a cross section of flux! smillcr than that of the tubes. Therefore, the 
results are independent and of tlx size and shape of all parts of the tube. 

I DEN lin: Apply V /’* “ JJur to a small fluid element located a distaixe r frecn the axis. 

SET UP: For rotational motion, a - <v*r . 

EXECUTE: (u) The change in pressure with respect to the vertical distance supplies tlx force necessary to keep a 
fluid clement in vertical equilibrium (opposing the weight). For the rotating fluid, the change in pressure with 
respect to radius supplies the force ixccxsary to keep a fluid element federating toward the axis; specifically. 


dp - dr - pxi dr. and usim a — 

rr 


x cp 
y gives — - pen 
cr 


7 ' 


(b) Let the pressure at y - 0. r - (I be p (atmospheric pressuret; integrating the expression tor — trom part (ai 

cr 

B'V“ P(r, v - 0) - p - £2Lr : 


(c) In Eq. (14.5), p 1 - p s% p - p - p(r. y-0) as found xn part <b). \\ - 0 and y»j - A(rk tlx height of the liquid 
above the v - 0 plane. Using the result of part fb) gives /i(r) - apW2g. 

EVALUATE: The curvature of the surface increases as the speed of rotation itxrcascs. 
iDEMin: Follow the procedure specified in part |a) and integrate this result fee part <b). 

SET L’P: A rotating particle a distance / from the rotation axis has inward acceleration m‘ r % . 

Execute: (u) The net inward force is ( p -t dp ).4 - pA - Adp. and tlx miss of the fluid element is (>Adi J . Using 
Newton's second law. with the inward radial acceleration of <vV. gives dp - pto r'dr\ 

(b) Integrating the above exfves»on. J * dp - j pea*/dr' and p-p t -1 \(r* - r' ( ). which is the desired result. 

(c> The net force on the object must be tlx same as that on a fluid element of the same shape. Such a fluid element 
is federating inward with an accclcratxm of magnitude to'R and so the force on the object rs plfafR 


(d) If pR mt > inward foree is greater than that needed to keep the object moving in a circle with 

radius /? 4lil at angular frequency to. and the object mow inward. If pR^ <the rxl force is insuflkient 
to keep the object in the circular motion at that radius, and the object moves outward. 

(e) Objects with lower dcnsstxs will tend to move toward the center, and objects with higher densities will tend to 
move away from the center. 

Evaluate: The pressure in the fluid itxrcascs as the distance r from the rotation Axis increases. 

I DEM in : Follow the procedure specified in the problem. 

Set Up: Let incrcAsing v correspond to moving toward the back of the car. 


14.8b. 
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Execute: (u) The mass of air in the volume element is pdV - pAdx . aixl the net feroe on the element in the 
forward direction is ( p r dp \A - pi - Adp. From Newton's second law. Adp - (pAdx)a, from which dp - paeix. 

(b) With p given to he constant, and w ith p - p t at x - 0. p - p v -f pax. 

(c> Using p- 1.2 kgm J in the result of part tb) gives (1.2 kgm'XS.O ms*H2.5 ml - 15.0 Pa - 15*10 />*.. so the 
fracticeial pressure difference is negligible. 

(d> hollowing the arguircnt in Section 14.4. the force on th: hallixm must he the sanx as the fcece on the same 
volume of air. this force is the product of the mass />Uand the acceleration, or pVa. 

(c) The acceleration of the halloon is the force found in purt id) divided by the mass or The 

acceleration relative to the car is the difference between this acceleration and the car’s acceleration. 

(0 For a balloon filled with air. ( pfp tu ) < 1 fair balloons tend to sink in still air), and so the quantity m square 
brackets in the result of part (c> is negative: the balloon moves to the back of the car. For a helium balloon, the 
quantity in square brackets is positive, aixl the halloon moves to the front of the car. 

EVALUATE: The pressure in the air insid: th: car increases with disiancc from the windshield toward the rear of 
the car. This pressure increase is proportional to the arcdcration of the car. 

I DEN I1f\: After leaving the tank, the water is in free fall, with - Oand a t - +g . 

Set Up: From Fxample 14.8. the speed of efflux is % i'2gA . 

Execute: (u) The time it takes any portion of the water to reach the cround is t - in which time the 


water travels a horizontal distance R - vt » -h). 

(b) Note that if h' - fi - A.A'f// - h') - [H - H\J i. and so H - // -h gives the same range A hole // - h below the 
water surface is a distance h above the bottom of the tank. 

Evaluate: For the special case of A-//i2, h - ti and the two points coincide. For the upper hole the speed of 
efflux is less but the time in the air during the fro:-fall is greater. 

iDEMin : Use Bernoulli’s equation to find the velocity with which the water flows out the hole. 

SET Up: The water level in the vessel will rise until the volume flow rate into th: vessel. 2.40* 10 * in < s. 
equals the volume flow rate out the hole in the bottom. 


Let psoints 1 and 2 be chosen 
js in Figure 14.88. 


Figure 14.88 

EXECUTE: Bernoulli’s equation: /?, -t pg}\ -f 4/n*,* - p* + : + 4/*? 

Volume flow rate out of hole equals volume flow rate from tube gives that v»>4. - 2.40* 10 4 mVs and 


1 mV* 


1.50*10 


-1.60 m s 


A i .*> As and \\A l - x\A 1 say* that y/nf *£ neglect the rpvf term. 

Measure y from the bottom of the bucket, so y\ = 0 and v, — h. 

P>-Pi^ P* pressure) 

Then A anJ A - v?/2g - (1.60 m's) 1 /2(9.80 mV)-0.131 m- 13.1 cm 

EVALUATE: The greater the flow rate into the bucket, the larger v\ will be at equilibrium and the higher the 

water will nse in the bucket. 

iDEVnn : Apply Bernoulli's equation and the equation of continuity. 

SET Up: Ex«nplc 14.8 says the speed of efflux is % 2g/i . where h is the distance of the hole below the s u rface of 
the fluid. 
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14.90. 


14.91. 


14.92. 


14.93. 


Execute: (u) vy«> = - v>H - y]2(9M m s'XS.OO m)(0.0l60 m’ >-0-2<XI mV* 

W Since p t in alminphriic. the gauge pcevtiire ji point 2 i* p , -.‘it 

using ibc expression for v, found above. Substitution of numerical valuer gives />% - 6.97 x 10* Pa. 

Evaluate: We could also calculate p. by applying Bernoulli's cquition to points 1 and 2 
IDEs IWY: Apply Bernoulli's equation to the air in the hurricane. 

SET UP: For a particle a distance /* from the axis, the angular momentum is /. - imr . 

EXECUTE: (a) Using the constancy of ansular momentum, the product of the radius and speed is constant, so the 


by an amou 

Ap -1(1.2 kg m'K(20O kmh)*- (1 7 kmh)*Y ■ ' :i: * | - 1. 
2 \ 3.6 kmh ) 


speed at the rim is about (200 kmh I’-! - 1 7 kmh 

(h| The pressure is lower at the eve. bv an anxiunl 


SxlQ‘ Pa. 


(c> 4-= 160 m. 

(cl| The pressure difference at higher altitudes is even greater. 

Evaluate: According to Bernoulli's equation, the pressure decreases when the fluid velocity increases. 

IDENTITY: Apply Bernoulli's equation and the equation of continuity. 

SET Up: Example 14.8 shows that the speed of cfllux at point D is J2g}\ . 

EXECUTE: Applying tlx equation of continuity to paints at C'and D gives that the fluid speed is at C. 

Applying Bernoulli's equation to points A and C gives that the gauge pressure at C rs pgh t - 4/hj/i - -3 pgf\ aixl 
this is the gauge pressure at the surface of the fluid at I:. Tlx height of the fluid in tlx column is A, - 3h { . 

EVALUATE: The gauge pressure at C is than tlx gauge pressure pgh at the bottom of tank .1 because of the 
speed of the fluid at C. 

IDENTITY: Apply Bernoulli's equation to points I and 2. Apply p - p % -t pgh to both arms of the U-shaped tube 
in order to calculate h. 

SET L'P: The discharge rale is v A t - \\A .. Tlx density of mercury is p m - 13.6 x 10* kg m‘ and the cfcnSty of 
water is p. — 1 .IX x 10‘ kgm'. Let point I be where 4 -40.0x10 4 m‘ and point 2 is where A 1 - 10.0x10 4 m 1 . 

>*, = y>. 

_ 600 x 10 1 kum ; IC/1 . 6 . 00 x 10 * kg.m* . ^ , 

ExecUTE: (u) v -_:_ 1.50 m s. V _:_-6.00 m s 

1 40.0x10 « nr 10.0x10 * m* 

W Pt + * 7/»i “ Pi + PSS'i + 7P v i • 

p -p.. =±p(vj 4(100) kgm'M^ OOm sI 1 —(1.50 iAs)*)- 1.69 x!0 4 Pa 

lc) p + p vh - p vh and h —-——— - 1 <% * ‘ ‘ ' * - -0.137 m-13.7 cm 

4 # ’ (P.-Pjg <13.6x10 kg/m -1.00x10 kgm K^-HOmV) 

Evaluate: The pressure in the fluid decreases when the speed of the fluid increase*. 

(a) IliENTIFV: Apply constant acceleration equations to the falling liquid to fmJ its speed as a fuixtion of the 
distance below the outlet. Then apply Lq.< 14.10) to relate the speed to the radius of the stream. 

Set Up: 


Let point 1 be at the end of tlx pipe 
;ind let point 2 be in the stream of 
liquid at a distance v\ below the end 
i>f the tube, a* shown in Figure 14.93 



Figure 14.93 


Consider the free-fall of the liquid Take +y ico be downward 
Free*fall implies a - g. v f is positive, so replace it by the speed t 
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14.94. 


14.95. 


Execute: vj - vf + 2<v- v,.) gives vj - v* ♦ 2 gy\ and v } - ^i, + 2 gy\. 

Equation of continuity says v,4 - v } A 2 

And sancc A - tt‘ this Kxonvs - >\.v/C ami \\ - v l (r,i'r 2 )\ 

Use this in the above to eliminate v 3 : v, (r J .’r^ ) - + 2gy, 

Tocorcespand to the rotation in the problem, let r, - v v ami r, - r„. since point I is where the liquid first leav es 
the pipe, and let r be r and v a be y. The equation we have derived then becomes r - r % + 2gr)‘ * 

|b» v« =* 1.20 m’s 

W’e want the value of y that gives r - ir,, or r 0 - 2r 
The result obtained in part (a) ayi r'{\$ + 2^i ) - rjvj 

„ , . , IW ')‘ - 111-' <16- 11(1.20 m'*) J , 

Solvinp for r gives v - -!-- I 10 m 

2g 2<9.S0m'V) 

Evaluate: The equation derived in part (a) say's that r decreases with distance fcelow the end of the pipe. 
IDEOTIFY: Apply - mu, to the rock. 

SET L’P: In the accelerated frame, all of the quantities that depend on y. (weights, buoyant forces, gauge pressures 
and hence tensions) may he replaced by % - g *♦ it. with the positive direction taken upward. 

Execute: (u) The volume Kof the rock is 

_ g _^^jaO.,hgK9.80n t V l -2 | .0X)^5 7>|o)m | 
p ni g <1.00x10' kc m *9.80 m>'s'i 




(b> The tension is T - mg’ - B - <iw - fi'\g‘ - T .—. where T - 21 .ON. r'-r.j. Tor a- 2.50 mV . 


r^<2I.ONl' )s ^ 5l) -26.4N. 

(c> Tor a - -2.50 mV. T - <21.0 N) ? I 10-? 5fl -15.6 N 


(d) If a = -g , g - 0 and f^O. 

Evaluate: The acceleration of the water alters the buoyant force it exerts. 
iDEVnn : The sum of the vertical forces on the object must be zero. 

SET UP: The depth of the bottom of the styrofoam is rot given; let this depth be A,. Denote the length of the 
piece of fcxim by L and the length of the two sides by /. The volume of the object is 4 ! l L • 

Execute: (a) The tension in the cord plus the weight must he equal to the buoyant force, so 
T = yg(p.„ - -4<0 20 m)* % <0.50 mK^.HO m s*' KIOOO kg m‘ - ISO kgm*)»80.4 N . 

(hi The pressure fcccc on the bottom of the foam is ( p 4 + pyh, )/.(^2/) and is directed up. Th: pressure on each 

side is not constant: tlv force can be found by* integrating, or using the results of ProbVrm 14.49 or Problem 14.51. 
Although these problems found fccccs on vertical surfaces, the result that the force is the product of tlv average 
pressure and the area is valid. The average pressure is — f//(2^2 ))>, aixl the fcecc on one side has 

magnitude < p , - pg(^-IH 2 j 2 t))U 

and is directed perpendicular to the side, at an angle of 45.0° from tb: vertical. The force on the other side has the 
same migmtixle. but has a horizontal component that is opposite that of the other side. The horizontal component 
of the ixl buoyant force is zero, and the vertical component is 

*-(!>. +/>**k)I/^-2(«*.45J»*Kft *•/>*<*. -Bf2j2))WPg!y, 

the weight of the water displaced. 

Evaluate: The density of the object is less than the density of water, so if the cord were cut the object would 
float. WTicn the object is fully subnxrged. the upward buoyant force is greater than its weight and the cord must 
pull downward on the object to hold it beneath lb: surface. 




fluid Mechanics 14.2? 


14.%. Identify : Use Ibe efflux speed to calculate the volume flow rate and integrate to find the time for the entire 
volume of water to flow out of the tank. 

SET Up: When the level of the water is a height r above the opening, the efflux speed is J2g}\ and 

EXECUTE: As the tank drains, the height decreases, and — - ^^ - -j — j j2w. Thu is 

6 di A x{Dfl\ \ D ) V * 

a separable differential equation, and the time T to drain the tank is found from — j-- - j — j y*2gdt, winch 

W. - (is) ^ r '“ r -(^) ^§-(7) 

Evaluate: Even though the volume flow rate approaches zero as the tank drains, it empties in a finite amount 
of time. IXiubling th: height of the tank doubles the volume of water in the tank but increases the time to drain by 
only a factor of yfl . 

14.97. Idem it Y : Apply Benxmllfs equation to the fluid in the siphon. 

SET UP: Example I4.S shows that th: efflux speed from a small hole a distaxxc /1 below the surface of HukI in a 
large open tank is yj 2 gh . 

EXECUTE: (a) The fact that the water first moves upwards before leaving the siphon docs not change the efflux 
speed. <j 2 gh. 

< l>> Water will not flow if the absolute tnot gauge) pressure woukl be negative. The hose is open to the atmosphere 
at the bottom. so the pressure at the top of the siphon is p M - t- A), where the assumption that the cross- 
section area is constant has been used to equite the speed of the liquid at the top and bottom. Setting p - 0 and 
solving for // gives // = ip Jpg) - h. 

EVALUATE: The analysis show's that ff th< -Li. . so there is also a limitation on // ♦ h . Fee water and normal 

Pg 


atmospheric pressure. — 10.3 m. 

Pg 

14.98. Identify and S*:r Up: Apply p- p„ + />gh . 

Execute: Any bubbles will cause inaccuracies. At the bubble, th: pressure at the surfaces of the water will be 
the same, but the levels need not be the sanw. The use of a hose as a level assumes that pressure is the same at all 
poants that arc at the same level, an assumption that is invalidated by the bubble. 

Evaluate: Larger bubbles can cause larger inarcuracics. because there can h: greater changes in bright across 
the length of the bubble. 




Mechanical Wan es 



15.1. IDEVIIFY: r - fA . T - M/ u the time for one complete vibration. 
s»:r UP: The frequency of the note one octave higher is 1568 II/. 

Execute: la) A - — * 1 l t S - 0.439 m. 7* - — - 1.28 nw . 

f 7H4 Hz / 


, v 344 irWs 

[b> ^ —^- 

/ 156KII/ 


5.219 m. 


Evaluate: When/ IS doubled, A is halved. 

15.2. IDI.N T1FY: The distance between xljacent dots is A . v - fA . The long«wavclcngth sound has the lowest 

frequency. 20.0 Hz. and th: short*wavelength sound has the highest frequency. 20.0 kHz. 

SET UP: For sound in air. v - 344 m/s . 

Execute: (u> Red dots: /. - — - ■ ** lA ' 17.2 m . 

f 20.0 Hz 


Blue dots: A - * 1 *'*’ -0.0172 m - 1.72 cm . 

20.0x10' 11/ 

(l>> In each case the separation easily can be measured with a mctcrst:ck. 
v 1480 nv’s 

(O Red dots :A -- 74.0 m. 

f 20.011/ 


20.0 11 / 


Blue dots: A -- 0.0740 m - 7.40 cm . In each case th: separation easily can be measured with a 

20 . 0 x 10 * 11 / 

metcrstick. although for the red dots a long tap: treasure would be more convenient. 

Evaluate: Larger wavelengths correspond to smaller frcqrencics When the wave speed increases, for a given 
frequency, the wavelength increases. 

15.3. IDEVTIFY: I 'afA-AiT. 

SET UP: 1.0 h - 3600 s . The crest to crest distance is A . 

.. 800 x 10 'm _ , 800 km t _ 

Execute: i --220 m s . V - 800 knvh . 

3600 s 1.0 h 

Evaluate: Since the wave speed is very high, the wave strikes with very little warning. 

15.4. IDENTIFY: fA = v 
SETUP: 1.0 mm = 0.0010 m 

Execute: / = 1 - i; ;n * =1.5x10* Hz 
A 0.0010 m 

EVALUATE: The frequency is much higher than the upper range of human hearing. 

15.5. IDENTIFY: 1= (A. T = 1// . 


Set Up: 1 nm - 10 m 


z 3.00x10* m s 


EXECUTE: tu> A = 400 nm : / - — - 


400* 10' m 


7.50x10" Hz. T-U I ’-1.33x10 11 


/. - 700 nm f - 1 —— - 4.29 ■ 10" llz. 7" -2.23x10 ‘ % . The IrcquciKici of visible liubi lie between 

700x10 m H 

4.29x10" llz and 7.50x10" Hz . The period, lie between 133x10'** and 2.33x10 11 *. 

(b) T is very short and cannot be measured with a stopwatch. 

EVALUATE: Longer wavelength conesnonJs to smaller froauenev and laruer period. 
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15.6. 


15.7. 


15.8. 


IDENTIFY: Compare v(.y./) given in the problem to the general form of Fq.( 15.4). / - 1/7* and i* - fX 
s»:r UP: The comparison gives A - 6.50 mm , X - 28.0 cm and T - 0.0360 s . 

Execute: (u> 6.50 mm 
<b> 28.0 cm 


<f> f 0.0360 * 


-27.8 lb 


Id) >i(0.280m)(27.Rlb) - 7.78 m/» 


<e) Since there is a minus sign in front of the ifT term, the wave is trawling in the +*-direction . 

Evaluate: The >petfd of propagation does not depend on the amplitude of the wave. 

iDEMlfrY: Use Eq.( 15.1) to calculate v. T - 1// and k is defined by Eq.( 15.5). The general form of the wave 
functicoi is given by Iiq.(15.S). which is the cquatxin for the transverse displacement. 

SETUP: i- 800 ms. A = 0.0700 m, X = 0.320 m 

Execute: (u) y-fl so / = vfX = <8.00 m*M0J20 m) ^ 25.0 Hz 


7-1//-1/25.0 1(2-0.04(0 s 


k - 2xtX ^ 2x rad 0.320 m ^ 19.6 rad m 
<b) For a wave trawling in the -a-direction, 
yix. e)~ Ac<**2x(xSS.+ifT) (Eq(!5.8).) 

At .v - 0. W0, / ) - Aco*2x(tfT), so y - A at / - 0. This equation describes the wave specified in the problem. 

Substitute in numerical values: 

yix. t ) = (0.0700 m)cos(2x(x/0.320 m + /. 0.0400s)). 


Or. y(x, /) = (0.0700 m»ci*((l9.6m > + (157 radty). 

(c> From part (b), v = (00700 m)cctt(2r(.r-’0.320 m + /.’0.0400 x)). 

Plug in x = 0.360 m and / = 0.150 s: 

y = (0.0700 m)cot( 2r(0.360 m 0.320 m + 0.150 40.0100 s» 

y = (0.0700 m)cat|2ir<4.875 rad)] - +0.0495 m = +4.95 cm 

(d) In part (c) /-0.150 s. 

y- A means cos) 2x{xtX + //T» - I 

ci>s 0 -1 for 0- 0. 2t, 4.t,... = /i(2t) or it-0. 1,2.... 

So y- A when 2x{xf A+ifT) = n{2x) or xfA + x!T*n 
t = T{n-xfX) = (0.0100 sK/J- 0.360 m0.320m) = (0.0400 s«« -1.125) 

For if - 4, t -0.1150 s (before the instant in part (c)) 

For n - 5. / - 0.1550 s (the first occurrence of y - A after the instant in part (c)) Thus the elapsed time is 
0.1550 s - 0.1500 s - 0.0050 s 

Evaluate: Part <dl says v = A at 0.115 s and next at 0.155 s: th: ditTcrerxc between these two times is 0.010 s. 
wluch is the period. At r - 0.150 s the particle at .r - 0.360 m is at \ - 4.95 cm and trawling upward. It takes 
774 - 0.01 X s for it to travel from y - 0 to y - A. so our answer of 0.0050 s is reasonable. 


IDSCTIFV: The general fom of the waw function for a wave traveling in the -.r-direction is given by I-q.< 15.8). 
The time for one complete cycle to pass a point is the period T and the number that pavs fvr second is the 
frequency/ Tire speed of a crest is the wave speed v arxl the maximum speed of a pirticlc in the medium 
is = toA . 


SET Up: Companion to Iiq.( 15.S> gives A - 3.75 cm, k - 0.450 rad cm and & - 5.40 rad s . 


Execute: (u> T 


2 t rad 


2.7 rad 


0 } 5.40 rad i 


- 1.16 s . In w>c cycle a wave crest travels a distance 


\ - 


lx raJ 


2.7 rad 


0.140 m. 


k 0.450 rad cm 

(b) k - 0.450 rad cm . f - I.T - 0.S62 11/ - 0-862 wavcs/secood . 


(c) v — /X ^ (0.862 llz)(0.140m>-0.121 ms. = (540 radSM3.75 an) = 0.202 m s. 

EVALUATE: The transverse velocity of the partxles in the nxdium (water! is not the same ax the velocity of the 


wave. 




Mechanical Wave* 


15.9. 


15.10. 


I J 


IDENTIFY: Evaluate the purtial derivatives and see it* Eq.l 15.12) is satisfied 

d d B 

SET I’P: —co*(fcr + <uf) - -X »n(Ax + at ). — cos(Xr ♦ at) - -**»n(Xr ♦ at ). —xir<XY t ax ) - A cos(Xy -t nif). 
dx if dx 

1-sini Xy + <uf) - *>xin<Xv ♦ ax). 
ft 

Execute: (u) ^4- - -Ak* cos(Xr ♦ cjt ). t-L - -.4co 3 cos|£y t- ex ). liq.( 15.12) is satisfied. if »• - ta!k . 
dx m £t 

(b| -Ak : %ir*t.x + at ). i-1- -Aa 3 %ifdkx + at ). Eq.(lS.!2) is satisfied, if v-tofk. 


A 


(c) —- -X-lsmlXr) —1 - -A\4cos<Xv). — - -aAsiniax ). -a 3 Aco*ex). Eq.fl5.l2) is not satisfied. 

dx dx* cl ct’ 

(d) v -11 - &Aco%(kxtat), a - 1_1 - -Aer mikx+at) 

* St * dt* 

EVALUATE: The functions cosfXv -t <w) and xinfXv -t <uf)differ only in phase. 
iDEMin: v p arxl a f arc given by liqs.l 15.9> and (15.10). 

SET L ! P: The sign of v. determines the direction of motion of a particle on the string. If \\ - Oand a f x 0 the 
speed of the particle is increasing. If v f * 0. tlx particle is speeding up d* »*. and u. have the same sign and 
slowing down if they have opposite signs. 

Execute: (u) The graphs are given in Figure 15.10. 

(b)(i( v f - <u.4 sin( 0 ) = 0 and the particle is instantaneously at rest, ii, - -a’A cos( 0 i - -a’A and the particle is 
speeding up. 

(ii) v, - aA%in(z/4)-aAj•Jl. and the particle is mining up. a t - -of A cos(f/4) - -a 3 A/Jl . and the particle is 
slowing down ( v\ and <j t ha\*e opposite sign). 

(iii) v t - oi/l Kin .y,*'2 1 - <u.-l and the particle is moving up. a t — -w J /lco*(f/ 2 ) - 0 and the particle is 
instantaneously not accelerating. 

(iv) v. -co4sin(3v/4)- aAjyfl^ and the particle is moving up. a v - -m'^cos<3ir/4)- (o 3 a/J2 % and the particle 
is speeding up. 

(vj v - a A sin(xl - 0 and the particle is instantaneously at rest. a t - -nf ^cos<x)- at A and tlie particle is 
speeding up. 

(vi) v - cx4*in)$x/4) --aAjyJl and the particle is moving down, a - —e/Acx>ii$xjA )*> a 3 Aj*Jl and the 
particle is slowing down ( v and a have opposite sign). 

(vii) v f - aAunOxfl) - -a.4 and the particle is moving down. a t = -a 3 Acax{3xf2) -0 and the particle is 
instantaneously not accelerating. 

(viai) v. - aAs\a(lxf4 )* —aAj Jl. and the particle is moving down. a t - -to 3 AcostfxfA) - -a 3 A/^2 and the 
particle is speeding up ( r and a, have the same sign!. 

Evaluate: At t - 0 the wave is represented by Figure 15.10a m the textbook: point (i) in the problem 
corresponds to the origin, and points |ii)*|viii) conespxmd to the points in the figure labeled l -7. Our results agree 
with what is shown in the tieurc. 



Figure 15.10 





15*4 Chipler 15 


15.11. IDENTIFY and SfT UP: Read A and 7* from the graph- Apply Eq.(l5.4) to determine A and then use Eq.( 15.1) lo 
calculate v 

Execute: (u) The maximum y iv 4 mm ire ad from graph). 

<b) For either x the time for i>nc full cycle it 0.1X10s; this ix the period. 

(c) Since >* = 0 for .v-0 arc! /- 0 and since the wave k traveling in the -f x 'direction then 

><x. t) = Asin[2x{t/T-xtA)]. (He phase ix different from the wave described by FqX 15.4); for that wave y = A 

for x - 0. ( - 0.) From the graph, if the wave is traveling in the +x direct iiwi and if x = 0 and r - 0.090 m arc 

within one wavelength the peak at t - 0.01 s for x = 0 moves so that it <xcurs at / - 0.035 % (read from graph so 

ix tfiproxinutc) for x - 0.090 nv The peak for x - 0 is the first peak past / - 0 so corresponds to the first 

maximum in sm[2r</.' T-xtA.)] and hence occurs at 1x{tiT - xi A) - xt2. If this same p>eak moves to 

f, - 0.035 s at x, - 0.090 m. then 

2x{l t fT-x t fA)*x/2 

Solve <<h A: 

x i U * #, /r -1 /4 - 0.035 s 0.040 s - 0.25 = 0.625 
A = x t /0.625 -0090 m: 0.625-0.14 m 
Then v* fA*A/T = 0.U m/0.040s = 3.5m/s. 

<d| If the wave ix traveling in the -.v-direction, then y(.v. /) - A%m{lx{ti T + x t A)) and the peak at t = 0.050 x 
for x - 0 corresponds to th: peak at /, = 0.035 s fee x t = 0.090 m. This jvak at x - 0 is the second peak past the 
origin so corresponds to 2x(//7 -f xfA)- 5-T/2. If this same peak moves to /, - 0.035 s for .r, - 0.090 in. then 
2 t<i, 7 -f x, /^) = 5 t / 2. 
r,/r ♦ =5/4 

x i lA = 5/4 >T -5/4 - 0.035 x/0.040 s = 0375 
A = x t /0.375 - 0OX) m.' 0.375 - 0.24 m. 

Tlien »• = fA = A/T *0.24 m/0.040 s ■ 6.0 m/s. 

Evaluate: No. Wouldn’t know which point in the wave at x - 0 moved to which point at x - 0.090 m. 

15.12. IDENTIFY: V^/A-AIT. 

SETUP: I_^cos|l2.lx-i7) j - +A\ ZlL jsin| liL<x-vf) 

Execute: (u) Aco*2x^L-L j-*/lcoxl^Ij x-d/ | - -Mcoslf^x-w) where L-Af-v has been used. 
<b>v=|=^,xindi,.v.i4 

(c) The speed is the greatest when the sine ix 1. and that speed is 2xvAfA . This will be equal to v if A = Af2x , 
less than v if A < Aflx and greater than v if A > A fix . 

EVALUATE: The propagation speed applies to all points on the siring. The transverse speed of a particle of the 
string depends on both .r and t. 

15.13. iDf-Viitv: Follow the procedure specified in the problem. 

SET UP: For /. and x in cm. v m cm 's and t in s. the argument of the cosine is in radians. 

Execute: (u)r-0 


*<cm> 

0.00 

1.50 

3.00 

4.50 

6.00 

7.50 

9.00 

10.50 

12.00 

r (cm) 

0.300 

0.212 

0 

-0.212 

-0.300 

-0.212 

0 

0.212 

0.300 

The graph is shown 

in Figure 15.13a. 







<b><i) i 

- 0.400 s: 









.v (cn) 

0.00 

.50 

3.00 

4.50 

6.00 

7.50 

9.00 

10.50 

12.00 

X l‘"» 

—0.221 -0.0131 

0.203 

0.300 

0.221 

0.0131 

-0.203 

-0.300 

-0.221 


The graph is shown in Figure 15.13b. 

<ii) f* 0.800 k 

v (cm | 0.00 1.50 3.00 4.50 6.00 7.50 9.00 10.50 12.00 

yiem) 0.0262 -0.193 -0.300 -0.230 -0.0262 0.193 0.300 0.230 0.0262 

The graph is shown in Figure 15.13c. 

(iii) The graphs show that the wave is traveling in +x-direction. 
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EVALUATE: We know that Eq.( 15.3) is for a wave traveling in the +V direction, and ><.r.i) is derived from this. 
This is consistent with the diroctxin of propagation we deduced from »>ur graph. 


f 



m 




«> 

Figure 15.13 

15.14. Identity: The frequency and wavelength determine the wave speed and the wave speed &pends on the 
tcnsicei. 


15.15. 


15.16. 


SET UP: v- I—. u-mIL . i- (A. 

\p 

Exiatt: F - fiv‘ - M fir - ~"' .|[40.01 1/1(0 7511 ml)’ - 41.2 N 

2.50 m 

Evaluate: If the frequency is held fixed, increasing the tcnsicei will increase the wavelength. 

IDENTIFY and SET l*P: Use Ilq.f 15.13> to calculate the wave speed. Thm use Eq.(15.1) to calculate tlic 
wavelength. 

Execute: (a) The tension F in the rope is the weight of the hanging miss: 

F=mg ^ (1.50 kgX^RO mfc 1 )* 14.7 N 
v ^ yffVfii ^ ^14.7 M'(0.0550 k$ m) -16.3 ms 

(b) v = fk so A - vf / = (16.3 m's)T20 II; —0.136 m. 

(c) EVALUATE: v - where F - mg. IXiubling m increases v by a factor of Jl. A - vif. / remains 120 11/ 

ind v increases by a factor of so A increases by a factor of 

Identity: for transverse waves on a string, v - jFtfi . The general form of the cquatxin for waves traveling «n 


the -fa-direction is y(.v,/> - Aoo*(kx - at ). For waves traveling in the -x-directson it is ^ .fcosi Av * ex') 

v - taik . 
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15.17. 


15.18. 


15.19. 


15.20. 


SET UP: Comparison to the general equation gives A - 8.50 mm. * - 172 rad m ami ft? - 2730 rads . The string 
has mass 0.128 ki and u - m 11 - 0.0850 kg/m . 


„ , , to 2730 rad's 

Execute: (u> v-- 

A 172 rad m 


d 1.50 m 

15.9ms. / -0.0943 s 

f 15.9 ras 


(b> W=F-uJ =(0.0850 kc mXl5.9 ntfs)* = 21.5 N . 




It rad 


If rad 


172 radi'm 


- 0.0365 m . The number of wave lengths akmg the length of the string is 


50 m 


41.1. 


0.0365 m 

(cl) l or a wave traveling in the opposite direction, yixj) =<8.50 mm)oo*(|172 rad m)r r [2730 rad's|r) 
EVALUATE: We have asvunxd that the tension in the string is constant and equal to Jf. In reality the tensxm will 
vary akmg the length of the string because of the weight of the string and the wave speed will therefore vary along 
the string. The tensxm at the lower end of the string will be If' = 21.5 N and at the upper end it is 
W + 1.25 N = 22.8 N , an increase of 6%. 


iDIVniY: Foe transverse waves cm a string, v - yjFi fi. v - fA . 

SET UP: The wire has p -m.'L- (0.0165 kgl/<0.750 ml - 0.0220 kg’m . 
Execute: (u) v = fA =(875 Il/M3.33xl0 * ml ^ 29.1 m s . The tension is 


/• = -(0.0220 kg'm>(29.1 mb)* = 18.6 N . 

(b) v= 29.1m s 

Evaluate: If A is kept fixed, the wave speed and Ibc frequency increase when the tensxm is increased. 
iDSXim: Apply y.F. - 0 to determine the tensicci at ditTcrcnt poants of the rope. »• = *[FTT( . 

SET Up: From ILxairple 15.3. - 20.0 kg. = 2 <)0 kg and // = 0.0250 kg m 

EXECUTE: (u) The tension at the bottom of the rope is due to th: weight of the load, aixl the speed is th: same 
88.5 m/s as found m Example 15.3. 

<l» The tension at the middle of the repe ts (21.0 kg)<9.80m/s 3 ) - 205.8 N and the wave speed is 90.7 m/s. 

(c> Tlie tension at the top of the rope is <22.0 kgX9.80 mfr 1 ) « 215.6 tn s and the speed is 92.9 nVs. (See 
Challenge Problem (15.82) for the effects of varying tension on the time it takes to send signals.! 

EVALUATE: The tensxm increases toward the top of the rope, so the wave speed increases firm the bottom of the 
rope to the top of th: rope. 

IDENTIFY: v - ^F.'/i . v - fA . The general form for \ixj) is given in Iiq.( 15.4). where T = 1 //. Eq.( 15.10) 
says that the maximum transverse acceleration is = to'A - (2xf)‘ A . 

SETUP: //-0.0500 kg m 

Execute: (u» v - JFJii - S lisi» n>/«u>5oo kg,'mi - 10.0 m/% 

<b> A-vff-i 10.0 m/s)/(40 0 11/)-0 250 m 

(<) ><>./) - A co**kt -or), k - 2 m fk - S.OO.r rad.'m: to - 2rf - HO.O.t rad/* . 

- <3.00 cm|cm|ffl 8.00 rad/m )/-(KOO.t rad/*lr] 

(d) v, - i -Ait and a, =-Aa>‘co*{kK-B*). a. _ - Am’ - A(2xf)‘ = 1890 m/*’ . 

(e) a jm% is much larger than g . so it is a reasimahle approximation to ignore gravity. 

EVALUATE: y(.v./> m part <c) gives y(0.0) - A . which does correspond to the oscillator having maximum 
upward displacement at t = 0 . 

Idem itv: Apply Eq.< 15.25). 

SETUP: to - 2xf . 


Execute: w r..--^Fm‘A‘. p. 


-4 


3.00x10 kg 


(25.0 N)(2*<120.0 Hz)) J (l.6xlO 1 m) 3 = 0.223 W 


or 0.22 \V to two figures. 

<b) P is proportional to A '. so halv ing the amplitude quarters the average power. »t> 0.056 W. 
EVALUATE: The average power « aho proportional to th: square of the frequeexy. 
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15.21. 


15.22. 


15.23. 


15.24. 


15.25. 


15-7 


IDEXIIFY: Foe a point source, / - 
Set Up: 1/iW»MT* W 
Execute: 


4*TI“ 


and — 




- 95 km 


(b) — -^r.wilh /. - 1.0 i/W m ; and r.-2r.. /, — /. 1 -li - /. .4 - 0.25 uYV.nr . 

A ri UJ 

(c) / , -/(4.r/- ; )-(10.0\V.In , K4.T)(J0.0m)- = 1 IxlO 1 W 

EVALUATE: These are approximate calculations. that assume tlx sound is emitted uniformly 
that ignore the ctYccts of reflcctictfi. for example reflections from tbc ground. 

IDEMIFV: Apply Eq.< 15.26). 

s»:r Up: - 0.11 Wtm* . r. = 7.5 m . Set — 1.0 W/m’ and solve fi* r, . 


ill directions and 


K.XlXi It: 


r* - r. 




- 2.5 m. so it is possible to move 


l 3 \ 1.0 W/ra 

r - r - 7.5 m - 2.5 m - 5.0 m closer to the source. 

EVAUUTE: / increases as the distarxc /• of tlx observer from tlx source decreases. 

I DEVI in and SET U P: Apply Eq.( 15.261 to re hie / and r. 

Power is related to intensity at a distance r by P - /<4^r*). Energy is power hnxs time. 

Execute: (■> l,r‘ = l,r; 

A ■ H'J'.y - (0.026 W/m’x4.3 mil m)’ =0.050 \\!m‘ 

(b) P- 4 ar*I - 4s<4.3 m> : (0.026 W m‘) = 6.04 \V 
Energy -Pi- (6.04 W)<36<)0 s| = 22 x 10' I 

EVALUATE: We could have used r = 3.1 m and / - 0.050 W/m 1 In /’ - 4.rr*/ and would have obtained the 
sanx P. Intensity becomes less as r increases because the radiated power spreads over a sphere of larger area. 

I DEM in: Die tcnsxm and imss per unit length of tbc rope determine the wave speed. Conparc .ijx.f) given in 
the problem to the general form given in Lq.f 15.8|. v - tflk . The average power is given by l:q. I15.25). 

SET UP: Comparison with Eq.f 15.H> gives A = 2.33 mm . k - 6.9S rnd/m and co - 742 rad s . 

Execute: A - 2.30 mm 


(b) / - — - 
It 






T 6.9S rad m 


11/ 


- 0.90 m 


742 rad/s 




rad.m 


-106 m/s 


(r) The wave is traveling m the -r direction because the phase of v(r. /) bis the form kx + toi. 

(f > Tbc linear man density is // = <3.38*IO ' kg)/(l.35 m) = 2.501*10 kg'm. so the taiskm is 
Fm ■<2.504 -10 ‘ kg/mXI06.3 m/%)‘ - 28.3 N . 

<E) P. =±JiIF(tfA’ = ^<2.50x10 kg/mX28.3N)<742 rad/s)’<2.30x!0 ' m)’ =0.39 W 

Evaluate: 111 part (d) we could also calculate tlx wave speed as v - /x and we would obtain the sanx result. 

iDLNiirv: P - 4xr'/ 

SET Up: from Example I5.S. / =0.250 W/m’ al r = 15.0 m 
EXECUTE: P = 4.«••'/ = 4r(15.0 m)’(0.2S0 W/m’) = 707 W 

Evaluate: / - 0.010 W’m’ al 75.0 m and 4s<75.0 ml’(0.010 W/m’) = 707 W . P is the average power of the 
sinusoidal waves emitted by the source. 
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15.26. iDIvnFV: The distance the wave shape travels in time / is w. The wave pulse reflects at the end of the string, at 
poant O. 

SET UP: Tbc reflected pulse is inverted when O is a fixed end and is not m verted when Oita free end. 
Execute: iu) The wave form for the given times, respectively, is shown in Figure 15.26a 
<bl Tlie wave form for the given times, respectively, is shown m Figure 15.26b. 

EVALUATE: Tor the fixed end the result »>f the reflection is an inverted pulse traveling to the left and for the free 
end the result is an upright pulse traveling to the lefl. 



15 ms 20ms 25 ms 30 ms 35 ms 40ms 


(*) 



15 im 20 m 25«*s 50 ms 35 ms 40 no* 45 ms 


<b> 

Figure 15.26 

15.27. Idi.n I1IY: The distance the wave shape travels in time r is 17. The wave pulse reflects at the end of the string, at 
poant O. 

SET UP: The reflected pulse is inverted when O is n fixed end and is not inverted when Or« a free end. 
Execute: la) The wave form for the given times, respectively, is shown in figure 15.27a. 

<b) The wave form for the given times, respectively, is shown in figure 15.27b. 

Evaluate: for the fixed end the result of the reflection is an inverted pulse traveling to the lefl and for the free 
end the result is an upright pulse traveling to the lefl. 



Ml its* 2.0 im 30 ins 4.(1 n» 5.0 m* 6.0 ir* 7.0 rts 


« 



10 im 2.0 rm 30 im 4.0 m* 5.0 ms 6.0 a* 70 ms 


<b) 

Figure 15.27 

15.28. Idi.n I1IY: Apply the principle of superposition. 

SET Up: The net displaccnxnt is the algebraic sum of the displacements due to ca:h pulse. 

EXECUTE: The shape of the string at each specified time is shown in figure 15.28. 

EVALUATE: The pulses interfere when they overlap but resume their original shap: after they have completely 
passed through each other. 



0.230 s 0.50* Q750* 1.03s IJ5 s 


Figure 15.28 

15.29. IDEVIIIY: Apply the principle of superposition. 

SET UP: Tbc net displaccnxnt is the algebraic sum of the displacements due to c>:h pulse. 
EXECUTE: The shape of the string at each specified time is shown in Figure 15.29. 
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Evaluate: The pulses interfere when Ibey overlap bill resume iheir original shajv alter they have completely 
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15 JO. 


15.31. 


IDENTIFY: Apply the prtocipk: of superposition. 

SET L ! P: Tbc net ditplaccnxm is the algebraic sum of the displacement* due to c*:h pulse. 
EXECUTE: The shape of the slrinir at each specified time it shown in figure 15.30. 



EVALUATE: The pulses interfere when they overlap but resume their original shajv after they have completely 
passed through each other. 

4.00 s - 


ft IDs 



Figure I5J 
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15.32. 


15.33. 


15.34. 


15.35. 


15.36. 


IDI-N niY: v tM = \\ + y \. The siring never moves, at values of x for which sin Ay - 0 . 

SET UP: sin( A±B) - sin 2 cos B ± cos 2sin B 
EXECUTE: (u) y m =2sin(Ax + Atf)+/lsin(£x-a*). 

>*« - 2[sintAY)cos<AX) ♦ cas<Ax)sin(tfT) ^ sin<Av)cos|**)-co*<AY)sint a*)| - 22sin(Aj)ci»(<ur) 

|bl sin Ay - 0 for At - n.7, n - 0. 1, 2. x =- Of. = y " 

Evaluate: Using. i - 4sin|£T ± at) instead of y - Acotsfkx i ca ) corresponds to a particular choice of phase 
and corresponds to y = 0 at x = 0 , fee all t. 

IDENI1FY and S»:r UP: Nixies occur where sin Ay - 0 and antmodes arc where »n kx - il. 

Execute: Eq.( 15.281: y s Sin At )sinA* 

(a) At a nod: v - 0 for all f. This requires that sin Ay - 0 and this occurs for Ay - jit, ji - 0. 1,2,... 

#17 


X = #2T A 


(1.33 min, ji=0, 1.2,... 


0.750.7 rad m 

(b) At an antinodc sinAv - ±1 so y will hive maximum anqihtode. This occurs when kx + 

i» = 0, 1,2,... 




(1-33 m)(n'4), « = 0. 1.2,... 


0 . 750.7 rad m 

EVALUATE: 2 - 2x'k - 2.66 m. Adjacent nodes are separated by At 2, adjacent antinodes arc separated by 
2/2. and the node to antinodc distance is 2/4. 

IDENTIFY: Apply IU{s.| I5.2S) and 115.1 > At an antinodc, y(f) - A %f% siniw . k and co for the standing wave have 
the same values as for th: two traveling waves. 

SET UP: 2 va - 0.850 cm . Tbc antinodc to antinode distance is 2/2, so 2 - 30.0 cm . v, *SyfBt . 

Execute: (u) The node to node distance is 2/2 - 15.0 cm . 

(b) 2 is the same as fc»r the standing wave, so 2 - 30.0 cm . A = 4-^w - 0.425 cm . 


13.3 ms 


,. 2 0.300 m 

v= /2 - 

r 0.0750 s 

By 

(c> v. - —— /^ v *usinAYCosft* . At an antinodc sin Ay - I. so v = A %w (OCO%aX . v - A, a aj . 

ft 


2.7 rad 2/7 rad 


itt.Srod t%. v- = (0.850xl0 : mX83.8 rad's)-0.0712 nv's . v m =0. 


r 0.0750 

(d) The distance from a rxuie to an adjacent antiixuie is 2/4 - 7.50 cm . 

Evaluate: The maximum transverse speed for a point at an antinodc of the standing wave is twice the 
maximum transverse speed for each traveling wave, since A = 2/1 . 

IDENTIFY: Evaluate B*yfdx* and and see if Eq.(15.12> is satisfied for v = folk . 

B B B B 

SET UP: —tin Ar = AcosAr . —cosAy = -A sin Ay —sin/u* - ajcosa* . —cot an = -fijsin<u? 

Bx ex Bt Bi 

Execute: (u) 1-4---A*'(.1^ sin ay] sin Ay, sina* jsinAv. so for y^xj) to be a solulxinof 


Kq-< 15-12). -<•' - 


. and v - —. 


(bl A standing wav e is built up by the superpositxin of traveling waves, to whkrh the relationship i - 2/A applies 
EVALUATE: 1 '(y,0 = (2u «nAx)sin/'Y is a solution of the wave equation because it is a sum of solutions to the 


wave equation. 

IDENTIFY and Set U P: cost Ax ±eA)~ cos Axcck (it T sin Arsin (A 
Execute: y, + >\ = A [-cos/Av -t o>s) + com Ay- cur)). 

y, ♦ \'i = A[ - cos Av cos a* -t sm Ax un (A +• cos Ay cosmT + «n Ay sin cA ) = 2 A sin Ax sin eA . 

Evaluate: The Privation shows that the standing wave of Kq.(l5.2K| results from the combination of two 
waves with th: same 2, A. and <uthat arc traveling in opposite directions. 
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15.37. 


15.38. 


15.39. 


15.40. 


IDEVIIVY: Evaluate and d'yict' and show that I:q.( 15.12) is satisfied. 


c?y 3 *y\ ff *tS . S*y 3 * v. _ 

EXECUTE: and —;-— + —. The functions v, and y\ arc given 


being solut xms to 


tlic wave equation, so 

_i V£j. 

r?v- i?.V rV 


i’-' , l 77 


7T 


'p‘y.#y, 

7 iV ci' 


i a'> 

7 7 T 


i' =» r, + is a solution of 


Eq (15.12). 

EVALUATE: The W1\« equatxm is a linear equation, as it is linear in the derivatives, and differentiation k a I 
operation. 

IDENTIFY: For a string fixed at both ends, 4 - —and f m - nj -1- j. 

SET UP: For the fundamental, n - I. For the second overtone, n - 3. For the fourth harmonic, it - 4 . 
Execute: (.) /S-jj.*' ai'S c m)* 1 160 Ht ■ 

|b> X, = x,/3 = 1.00 m. /, - 3/ = 48.0 Hz . 

(c> ^ = 4/4 =0.75 m./ja 4 f = M.O Hz . 

EVALUATE: As n increases. /. decreases and j increases. 

iDEMltY: Use fcq.l 15.1) for v and Eq.( 15.13) for the tension F. v = cy>a and J t = dv Idt. 

(a) SET Ur: The fundamental standing wave is skeichcd in Figure 15.39. 

/ = 60.0 Hz 
From the skclch. 

, ;./2 = I so 

i_ A = 2L* 1.60 m 


2 

fiuinKimtf 

Figure 15.39 

EXECUTE: i = fX = <60.0 11/) 1.60 ml = 96.0 m/s 
(b) The tension is related to the wave speed by Eq.(15.13): 

V - yfFT/j so F = //»•*. 

fj -m.'L- 0.0400 kg0.800 m ^ 0.0500 kg m 

F = pf a (0.0500 kg'm|96.0 m %) 2 = 461 N. 

|c) xf = 377 rad s and y(r, f) = %mkx%\ntm 
v, = wAm .hiLvcosa*; a t = -aj* /t,. A sin Li sin mf 
(>\ = <u.4. A = (377 rad s)0.300 cm) = 1.13 m s. 

(a, X** = - (377 rad's) 2 (0.300 cm) = 426 m s 2 . 

EVALUATE: The transverse velocity is ditTerent trom the wave velocity. The wave velocity aixl tension arc 
similar xn magnitude to the values in th: Examples in the text. Note thit the transverse acceleration is quite large. 
IDENTIFY: Hie fundamental frequency depends on the wave speed, and that in turn depends on the tension. 

SET Up: v = |— where u - miL. t -The nth humonic has frequency f. - nf \. 

\fi 2L 


Execute: (u) v 



I 


(800 NM0.400 m) 
3.00x10 kg 


-327 ms. /! =— 


327 m s 


-409 llz 


21 210.41X1 ml 


(b) a - 11J l!/ 24.4 . The 24* harmonic is the highest that coukJ be heard 

Evaluate: In part Ibl we use the fact that a standing wave on the wire produces a sound wave in air of the same 
frequency. 
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15.41. 


15.42. 


15.43. 


iDBim: Compare )(i. t) given in the problem to Kq.( 15.28). From tbc frequency and wavelength for the 
third harmonic find these values for the eighth harmonic 

(a) SET Up: The third harmonx standing wave pattern is sketched in Figure 15.41. 



Figure 15.41 


Execute: (b) Eq. (15.28) gives the general equation for a standing wave on a string; 
y{x, f) = (/^ v sinit)sinftT 
A„ = 2/L so A = Am 1 2 a (5.60 cm>‘2 a 2*0 cm 

(c) The sketch in part (a) shows that L - 3(A /2>. k - 2xt A. A -lx.'k 
Comparison of y{x % /) given in the problem to Eq. (15.28) gives £ - 0.0340 rad cm So. 

A = 2*40.0340 rad cm) = 184* cm 

L = 3(^/2) = 277 cm 

(d) A = 185 cm from part (c) 

to - 500 rad s so / = 2t - 7.96 Hz 
period r» I//a 0.126 s 
v* fA * 1470 cm's 

(e) - dy t di - te oAm sin b cos at 

v, An - (50.0 radi's)(5.60 cm) = 2S0 em's 

(f) /> = 7.96 Hz-3/. so /, =2.65 Hz is the fundamental 
f\ -8 f =21.2 Hz; <o % = 2xf % = 133 rads 

A = v//« (1470 cmsV(21.2 Hz)-69.3 cm and k * Zrf A = 0.09(6 rad.’cm 
>3*. /) =• (5.60 cm)sin<[0.0906 rad cmjr)sin([l33 rad s|i> 

EVALUATE: The wavelength and frequency of the standing wa\'e equals the wavelength and frequency of the two 
traveling waxes that combine to form tbc standing wave. In the 8th harmonic the frequency and wave number are 
larger than in the 3rd harmonic. 

IDENTIFY: Compare the y(x.i) specified in the problem to the general form of I:q.( 15.2S). 

SET UP: The comparison gives A aA - 4.44 mm. k - 32.5 rad m and to = 754 rad 's . 

Execute: (u) A = f = 4(4.44 mm) = 2.22 mm. 


w/ .*.Z*=Si 


-120 11 / 


w 754 rad/s 


W r- + - 


32.5 rid m 


23.2 m/s. 


(el If the wave traveling in the *.y direction rs written as »•,(*./) - Aco*(kx - taty, then the wave traveling in the 
-.v-direction is = -Acos(kx + <ur) . where A = 2.22 mm from part la), k - 32.5 rad/m and m = 754 rad/s . 

(f) Tlic harmonic cannot hr determined because the length of tbc string is rail specified 

Evaluate: The two traveling waves that produce the standing wave arc identical except for their direction of 
propagation. 

(a) Idlxtilv and SET Up: Use the angular frequency and wave number for the traveling waves in Eq.(15.28) for 
the standing wave. 

EXECUTE: The traveling wave is y\x, /) = (2.30 mm)cos([6.9S rad m)r) ♦ [742 rad s» 

A - 2.30 mm so A ih - 4.60 mm; k = 6.98 rad m and to - 742 rad's 
The general equation for a standing wave is rfa\ /)s(^ fc sinX*.Y)simur. so 
>(.y. /) = (4.60 mm)sin([6.9S radm)r)sin([742 rad s|r) 

(b) IDENTIFY and SET UP: Compare the wavelength to the length of the rope in order to identify the harmonic. 
Execute: L - 1.35 m (fr»>m Exercise 15.24) 

A = 2.T • k = 0.9(0 m 
L = 3(>l/2) t so this is the 3rd harmonic 
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15.44. 


15.45. 


15.46. 


15.47. 


(c) For this 3rd harmonic. / - tails = 118 llz 
/, = 3/ so / = (118 I Iz V3 = 39.3 I Iz 

Evaluate: The wavelength and frequency of the standing wave equals the wavelength and frequency of the two 
traveling waves that combine to form the standing wave The nth harmonic hax/i node*to nod: segments and th: 
node-to node distance is A /2. so the relation between L and A for the nth harmonic is L - n{Ail). 


21 


IDENTITY: i - . v -/A . The standing waxes hive w avelengths ^-and frcqwncies f A - nf { . The 

standing wave on the string and the souixl wave it produces have the same frequency. 

SET UP: For the fundamental n - 1 and for the second overtone n - 3. The stnng has 
fjmm/L =(8.75x10° kg). 1 <0.750m) = 1.17x10 * kgm. 

Execute: <u> A = 21 .'3 = 2(0.750 m)/3 - 0.500 m . The sound wave has frequency 

/ = — — * * * " ‘ ~ - 1.03 x 10 4 I Iz. For waves on the string. 

A 3.35x10 * m 

V* fA. - (1.03 x |0 4 Hz)f0.500 m) = S.15x10* ms . The tension in the string is 
Fa/rV 1 «<U7xl0’ J kg/mMS.ISxlO* mt%f =3.10x10* S . 

(b) f\ */j/3 s (1.03x 10 4 ltz)/3 = 3.43x10* Hz. 

EVALUATE: The waxes on the stnng have a much longer wavelength than the sound wax es in the air because the 
speed of the waves on the string is much greater than the speed of sound in air. 

IDENTIFY and SET UP: Use the infarmatxin given about the A 4 rote to find th: wave speed, that depends on the 

linear inass density of the siring and the tension. The wave speed isn't affected by the placement of the fingers on th: 

bridge. Then tind the wavelength for the D* note and relate this to the length of the vibrating portion of the string. 

EXECUTE: (u) / - 440 Hz when a length L - 0.603 m v ibrates: use this infonmtion to calculate the speed v 

of waxxrs on the stnng For the fundamental Ail = L so A =11 = 2(0.600 m) = 1.20 m. Then 

v= fA = 1440 Il/Ml20m» - 528 m's. Now find the length L = x of the string that nukes f - 5S7 Hz. 

, v 528 m s 

A -0.900 m 

/ 587llz 

L m A! = 0.450 m. so x = 0.450 m -45.0 cm 

(b) No rcluning means some wave speed as in part (a). Find th: length of vibrating string needed to produce 
/ = 392 Hz. 

. v 528 m's __ 

A -- 1.35 m 

f 392 Hz 

L- A/1- 0.675 m; stnng is shorter than this. No. not possible. 

EVALUATE: Shortening the length of this v ibrating string increases the frequency of the fundamental. 

Identity: \ixj) = (4 V sinkr|sin<rf. v, = dy/£r. a t =3*ytd« l . 

SET Up: v tmk - (A %u sin total. = (A,* xinto)ft >~. 

Execute: (u) <i) x = i is a node, and there is no motion til) x = 4l is an antinodc. and v tm = A{2xf) = 2sfA , 
a^ k - (2r/>v« - 4s 1 f* A . (iii) cos^ - and this farter multiplies the results of (ii). so v Mk - yflxfA . 

|b| The amplitude is 2/flsinto* or (i) 0. Hi) 1A . lint lAiJl. 

(cl The time between the extrcnxs of the motion is the same for any point on the string (although the period of the 
zero motion at a node might be considrrcd indeterminate) and is Mlf. 

EVALUATE: Any point in a standing wave moves in SUM. All points move with the same frequency but have 
dilTerent amplitude. 

Identity: For the fundanxntak f x - — . v = JF 7^7. A standing wave on a stnng with frequency/produces a 

sound wave thit also has frequency/ 

SET UP: / = 245 Hz . L - 0.635 m . 

Execute: (a) v = 2//. = 2(245 H/X0.635 m)=3l I m/s. 
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(b) The frequcixy oftbe fundamental mode is proportional to the speed and hence to the square root of the tension; 
<245 IIzWTToT = 246 11* . 

<c> The fiequciKy will be Ihe mine. 245 II/. Ih: wavelength will be - r m ,ff - <544 m,'*1/(245 llz> = 140 m. 
which is larger than tlx wavelength of standing wave on the string by a factor of the ratio of the speeds. 
Evaluate: Increasing the ten»on increases the wave speed and this in turn increases the frequencies of the 
standing waves. The wavelength of each nornul mode depends only on the length of the string and doesn't change 
when the tension changes. 

15.4$. iDf.MltA: Hie ends of the stick arc free, so they mutf be displacement antino&s. The first harmonic his erne 
nixie, at tlx center of the stick, and each successive harmonic adds ooe node. 

SET Up: Tbc node to node and ant inode to antimxic distance is A/2. 

Execute: Hie standing wave patterns fee tbc tint three harmonics arc shown in Figure 15.48. 
l u harmonic: L - -» x, - 2/. - 4.0 m . 2*' birmomc: L - U, -* - L- 2.0 m. 

3* 1 hannonic; L = — ). x -> -—-— 1.33 m . 

EVALUATE: The higher the harmonic the shorter the wavelength. 



Figure 15.48 


15.49. iDEVim and SET UP: Calculate \\ ra % and * from Eq*.( 15.1), (15.5) and (15.6). Then apply liq.f 15.7) to obtain 

yi*, 0 

.1 = 2.50x10* m. i = I.S0m, v= 36.0ms 

EXECUTE: (u) v = /* so / = vfA = (36.0 nvx)l.80 m = 20.0 11/ 

ea^lxf = 2 *( 20.0 II/) = 126 rads 
* = 2xlA - 2* rad 1410 m = 3.49 rad m 

(b) For a wave traveling to tbc right, /) = .1 cosiLy - tat). This cquaticci gives that the .y = 0 end oftbe string 
has maximum upward displacement at / - 0 . 

Put in the numbers: y\x. l> = (2.50 x 10 1 m)cos((3.49 radm)Y-(126 rad sir). 

(c) The left hand end is located at x - 0. Put this value into the equation of part (b): 

><0. 0= *12.50*10 1 m|co*((l26 ml *V>- 

(d) Pul » = 1.35 m inli> Ibc c«|tution of part (bj: 

>(I.J5 m. i>-<2.50«!0 * m)cos((3.49 radm)(IJ5 ml-|l 26 rad ,SK). 

>11.35 m. /> = (2.50“10 ‘ m>cos(4.7l rad>-<l26 radr*V 

4.71 tid = 3jt/ 2 atvd co*(O)mccb(-0), so ><1.35 m. f| =<250x10° m)cos«l26 rnds|f -3e/2 rad) 

<() >■ - Acoittx-toi) ((part b)| 

The transverse velocity is given by v - ~ - A^-ctvXkt-an)--¥A/aan(kt-at}. 

cl rlf 

The maximum v f is .to = (2.50x 10 1 m)( 126rads)«0.315 mta. 

(f) >{*, /) = <2.50x10° m)cos((349 rad'm)r-(126 rads)#) 
r = 0.0625 s and * = 1.35 m gives 

>* = (2.50x10 * m)oo((3.49 radm)f 1.35 m)-(!26 rad s 1(0.0625 x)) =-2.50x 10 1 m 
\\ = +A&%in(kx -nil) = 4(0.315 nVs)sm((349 rad v mlr-(126 rad's)#) 
r = 0.0625 s and * = 1.35 m gives 

v, =(0.315 m/s|Hn«3.49 rad m|(l-35 m)-(l26 rad'sX0.0625 s)) = 0.0 

Evaluate: Hie results of part (ft illustrate that v, - 0 wben y = ±A. as we aw from SUM in Chapter 13. 

15.50. iDIAIltY: Compare >(*./) given in the problem to the general form given in I:q.(l5.8). 

SET Up: Tlx comparison gives A - 0.750 cm. * - 0.400* rad cm and m - 250* rad s . 
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EXECUTE: (■> A = 0.750cm, A ^ ^^yjacm = 500cm * / = ,25,lz ' F = -L = 0.00800 * and 
v = Zf - 6.25 m*. 

<b) The sketches of the shape of the rvpc at c»:h time arc given in Figure 15.50. 

(c) To stay with a wavefront as t increases, x decreases and so the wave is moving in tbc -1 -direction. 

<d> From Eq. (15.13). the tension rt F - =(0.50 kg/m) (6.25 m/i) 1 - I9.S N . 

<«> * 54.2 W. 

EVALUATE: The argunxnt of the cosine is (Lv + <uf) for a wave traveling in tb: -.r -direction . and that is the case 
here. 


v (sin I 




Figure 15-50 


15.51. IDENTIFY: Tbc speed in each segment is v - JF/ft The time to travel through a segment is / - Llv. 


SET t’P: Tbc travel times for each segment arc t - ( i - * 

EXECUTE: Adding the travel times gives ^ -t 2/. ~ * 

(b) No. Tb: speed in a segment depends only on /'and fj for tliat segment. 

Evaluate: The wave Speed is greater and its travel time smaller when the mass per unit length of the segment 

decreases 




15.52. 


15.53. 


15.54. 


15.55. 
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IDF.M1FY: Apply y* r - 0 to find the tension xn each wire. Use v - yjF.fJ to calculate the wave speed for each 
wire and then t = Liv is the tinx for each pulse to reach the ceiling where /. = 1.25 m . 

SET Up: Tlx wires have it - ---0.204 kiL'm Tlx free body diagram for the beam is 

given in Figure 15.52. Take the axis to be at tlx end of the beam where wire A is attached 
Execute: Yr = Ogives r*Z. = if<X^3)and F, = *73 = 583 N. T t + Tj -1750 N. so r,=H67N. 

f 1167 N - c , . 1.25 

// y 0.204 kgm 
1.25 m 


0.0165 


53.5 ms 


" 75.6 m s 

-0.0234 s. -t. -t =6.9 nw . 


583 N 
0204 ke m 


= 53.5 m s. 


EVALUATE: The wave pulse travels faster in wire A. sirxe tliat wire lias the greater tension. 


. V .. 

LU 

MIS 


y -2 U* -H 


Figure 15.52 

IDENTIFY and SET UP: The transverse speed of a point of tlx rope is v. where I) is given by Eq/15.7}. 

Execute: < u > yix. i > = a cos| tx - <*> 

V - dydi = -t .totin(*r - at) 


v s Ato-2xfA 


( -and i = 

A V lit!.’/. I 


2.7 A 


'-'1 




V ; 

(b) To double \\ ^ increase /* by a factor of 4 

EVALUATE: Increasing the tension increases the wave speed » which in turn increases the oscillation frequency. 
With the amplitude held fixed, increasing the number of oscillations per second irxreases the transverse velocity. 
IDENTIFY: Tlx maximum vertical acceleration must be at least g. 

SETUP: = of A 

EXECUTE: g - M : A, mt and thus - g/to\ Using w - 2 jsf = 2 wfA and v - Jf.'/j , this becomes A m + = 

Evaluate: When the amplitude of the motion increases, the maximum acceleration of a point on the rope 
increases. 

IDENTIFY and SET UP: Use Hq.f 15.11 and m = 2jt/ to replace i by to in I:q.<l5.l3> C ompare this equation to 
to = y/PTm from Chapter 13 to deduce k\ 

Execute: (UF w = 2t/, / = vfA, and r = These equations combine to give 
to -2.TI - 2x(iVl> - 

Bui alto i> - liquating ihcw expression' for n> give k"- mi2ir'A)~(F'fj) 

Bui * -/t \t to = &x{2slA)‘F 

(b) EVALUATE: The "force constant" k r is independent of the amplitude A and mass per unit length it. Just as is 
tlx case for a simple harmonx oscillator. The force constant is proportional to the tcnsxm in the string F and 
inversely peoportwna] to the wavelength a.. The tension supplies the restoring force and the \/A m factor represents 
tlx dependence of the r esxorme force on the curv ature of the string. 
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15.56. 


15.57. 


15.58. 


IDIVIIFY: Apply y.r. - 0 to ooc post and calculate the tension in the wire, v - ^fTjj for waves on the wire, 
v = /A . The standing wave on the wire and tbc sound it produces have the same frequenev. for standing waves on 


the wire. A a - 


Ski UP: For the 7* overtone, n - S. The wire has fj - m fL - (0.732 kg)/(5.00 ml - 0.146 kg m. The tree-body 
diagram for one of th: posts is given in Figure 15.56. forces at the pivot aren't shown. We take the rotation axis to 
be at th: pivot, so forces at tbc pivot produce no torqix. 

w 235 N 


EXECUTE: £r -Ogives >»j ^.€0*57.0® - 


nx.sin57.cn-0. r 


76.3 N . for 


2 tan 57.0 2 tan 5 7.(1 


waves on tbc wire, i - . I-1- ’* - 22.9 m's . for the 7* overtone standing wave on the wire. 

y 0.146 kgm * 

2X. 2(5.00 m) v 22.9 m’s 

A -125 m ,*-- 18.3 11/ . Th: sound waves have frequency 18.3 11/ and 

8 8 A 1.25 m 

wavek-ngth /. - —1—1 18.8 m 
* 18.3 Hz 

Evaluate: The frequency of the sound wave is at the low'd limit of audible frequencies. The wavelength of tbc 
standing wave on the win: is much less than the wavelength of th: sound waves, because the speed of the waves on 
the wire is much less than the speed of sound in air. 



figure 15.56 


IDENTIFY: The magnitude of the transverse velocity is related to the slc^ie of th: / versus .r curve. The transverse 
acceleration is related to the curvature of the graph, to the rate at which the slope is changing. 

SEE L’P: If x increases as / increases, v is positive, a has the same sign a* v if the transverse speed is 
increasing. 

Execute: (u) and <b) (I t: The curve appears to be horizontal. and v - 0 . As the wave moves, the pixnt will 
begin X) move downward. and j <0 . (2): As the wave moves in the -t.r-direction. the particle will move upward 
so v > 0 . The portion of the curve to the left of the point is steeper, so a > 0 . (31 The point is moving down, and 
will increase its speed as the wave moves: v ( <0. a % <0 . (41 The curve appears to be horizontal, and v f - 0. As 
the wave moves* the point will move away from the r-axis. and a > 0 . (5) The point is moving downward, and 
will increase its speed as the w ave moves: v, <0. a t < 0. ( 6) The particle is moving upward, but the curve that 
represents the wave appears to have no curvature, so v > 0 and a p - 0 . 

(c) The accelerations, w hich are related to the curvatures, will not change. The transverse velocities will all change 
sign. 

EVALUATE: At punts 1.3* and 5 the graph has negative curvature and a t < 0 . At points 2 and 4 tbc graph has 


positive curvature and a > 0 . 

IDEVIIIY: TTie time it takes the wave to travel a given distance is determined by the wave speed i\ A point cm 
the string travels a distance 4.4 in time T. 

SETUP: v = fA . r*l//. 


Execute: (u) The wave travels a horizontal distance 


d d 8.00 m _ ___ 

m a time l - —-- 0.333 s. 

v Af 10.600 m 1(40.0 Hz I 
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15.59. 


15.60. 


<b) A paint on the siring will travel a vertical distance of 4 A each cycle. Although the transverse velocity v 
is not constant, a distance of h = 8.1X1 m corresponds to a whole number of eyeless, 

n -/i/|4.1> = (8.00 ml/|4(S.<0« 10 ' m>] = 4I». so the amounl oflimc at = nT- »// = (400)/<40.0 II?)-100 i. 
EVALUATE: (c) The time in pirt la) rs m&pcndent of amplitud: but the time in part lb) depends on the amplitude 
of the wave. Fee |b). the time is halved if the amplitude is doubVxl. 
iDLMIfrY: V*(i,rt+r’(i.y) - A’ . The trajectory is a circle of radius A. 

Set t'P: V = dyidt , v, = ikfdt . <i % = cv t tdt , a t = r \ fdt 

EXECUTE: At r - 0. >(0.0) = A . r(0.0) - 0. At i = */2a>, v(0 % xj2to) = 0. r<0..r/2m) - -A . 

At / - */<*, t<0..T/fts) - -A, r(0,*/A>) - 0. At f - 3r/2zy, y<0J.r/2ft>) - 0. r(0.3,T/2w) - A . The trajectory and 
those points arc sketched in Figure 15.59. 

<h) v - Byjdt = ♦/lft>sinl*r - tat), v - fc/ct - -Araco&(kx - tut) . 


r - 1 *. >> v. A - .'M%in( ^ - cos (kx - ** |i| . v - Jv'.+\i - Am so the speed is constant. 


r - \y t zk . r ! - )v, r rv, - Aw%m(kx - ex) cosf&Y - ft*) - ^‘mcos(Ar - ex ) sin) At- ftf)a0. 
f t- 0 , so r is tangent to the circular path. 

<c) a - dv /dt » -Aorew^kx - a*), a =«V/ef - -Any shiILy - <ur > 


r • tf - yu -f ra - -A 2 a>*[co*’(kx- a*)♦ sin'ftr - a*>] = -A'm 1 . r- A % t a - -ra . 

r tf cos d so ^ - 180° and a is opposite in direction to f; a is radially inward. For these v<.r. /> ;mdr(j. /), 


y* + r* - A\ so the path is again circular, but the particle rotates in the opposite sense compared to part (a). 
EVALUATE: The wave propagates in the -t.v-direction. The displacement is transverse, so »• and a lie in they?- 
plane. 



Figure 15.59 


IDENTIFY: The wavelengths of the standing waves on the wire are given by \ -. When th: ball is changed 


the wavelength changes because the length of the wire changes; A l -- 

A 1 

SET L ! P: For the third harmonic, ji - 3. For copprr. Y - 11 x 10“ Pa . The wire has crosss*sectional area 
A = xS*x{ 0.512X10’ 1 mV = 8.24*10 ? m J 

Execute: qq A, ^ 211 : ” ni> -Q.soom 


<h) The increase in length when the 100.0 N bull is replaced by the 500.0 N hall is given by A/ - —. where 
AF - 400.0 N is th: in: reuse in the force applied to th: end of the wire. 

A i - 1 " ' - - 5.30* 10 ‘ m The change in wavelength is A/. - i\i - 3.5 mm 

(8.24x10 m )(llxl0 Pa) ^ * 

EVALUATE: The change in tension changes the wave speed and that in turn changes the trevjuetxy of the standing 
wave, but the problem asks only alxuit the wavelength. 
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15.61. 


15.62. 


15.63. 


IDENTIFY: Follow the procedure specified ixi put lb). 

SET UP: If jj » x - if , tlxn — - -v and — - I. 

<?/ ex 

EXECUTE: (u) Ax time goes on. someone moving with tlx wave would need to move in sixh a way that tlx wave 
appears to have tlx same shape. If this motion can be described by .r - u +h, with h a constant, then 
v(.r.O - f{h). and the waveform is the same to such an observer. 


H» 


— - —- and —- - v J . so yixj) - fix - >f ) is a solution 
r?.v* du fV du 


the wave equation with wave speed v. 


(c> This is of the form ytr.r)» /(u), with i - r - w and f(u) - Dc ,J ’° *' . The result of pari (b) may be used 
to determine the speed v = C/B . 

Evaluate: The wave in part l e i moves in the *.v"dircctim. The speed of tlx wave is independent of tlx 
constant D. 

IDENTIFY: The phase angle determines the value of v for x - 0 , / - 0 but dies not affect tlx shape of the 
><r.r) versus x or / graph. 

SETUP: 

rV 

Execute: (u) The graphs for each ^ are sketched in Figure 15.62. 

<b> 12. - -<i>A%in(kx - cm + 6) 
ci 

(c) No. ^ - x/4 or ^ - 3*/4 would both give Aj v2 . If the particle is known to he moving downward, tlx result 
of part |b) shows that cos ^ < 0 . and so d - 3 z/4. 

(d) To identify d uniquely, the quadrant in which ^ lies must be known. In physical terms, tlx signs of both the 
position arxi velocity, and the magnitude of either, are necessary to determine d (within additive multiples of 2 x |. 
EVALUATE: The phase ** - 0 corresponds to y = A at x - 0. f - 0 . 



Figure 15.62 

IDENTIFY and SET UP: Use I:q.<IS.13) to rephee fi. and then Fq.(l5.6) to replace i. 
EXECUTE: (u) l:q.( 15.25): /V. 

V - yjFffi says so P„ = ±[Jf fv^yfFtfA 3 *±FafA*tv 


fa - 2r/ so tafv - 2k f i i - Ixt?. - k and -4 Fkt*A\ as was to be shown. 

<b) IDENTIFY: For the « dependence, use Eq.(l5.2$) siixe it involves just cj, not X: P -j^JJJFf^A 1 . 
SET UP: P dt% //. A all constant so JFm 1 is constant, and ffifo! - 
Execute: a». m^fjfJ 4 *^<^4^)' 4 =a*(4)' 4 
fa must be changed by a factor of 1/^2 (decreased) 

IDENTIFY: For the A dependence, use tbc cquition derived in pari (a). -±FK(aA m . 

SET Up: If P m are! A arc constant then Fkto must be constant, and FA*,<q - Fk ia : . 
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15.61. 


15.65. 


15.66. 





1 

l must be changed by a factor of \t>f& (decreased |. 

EVALUATE:: Power is the transverse force times tlx transverse velocity. To keep P St constant the transverse 
velocity must be decreased when F is increased, and this is done by decreasing <v. 

I DEM in: Tlx wave moves in the ♦ x direction with speed i, so to obtain i(x,f) replace .r with x - vt in the 

expression for W*, 0 ). 

si:r t’P: f\x.t) is given by Eq.l 15.21). 

Execute: (u) The wave pulse is sketched in Figure 15.64. 

M 

Cr-vt) <-L 
-L<(x-u)< 0 
0 <(*-»•/)< L 
lx-M)>L 


>(r.O 


fcll + j-vf).'/. 
+ \l)!L 


(c) From Fq.l 15.21): 


(\x.O--F 


i 


-rmot = o 


for 

(.Y-l ’!)<-£. 

-rth.'LH-hvIL). 

• F\ihlL)' 

for 

-L <(x -!/)<0 

-Fi-h/LKhvL). 

! 

for 

0 < (.r- if) < L 

~/ r (0|(0| - 0 


for 

(x-tf)>L 


Tluis the instantaneous power is zero except for -L < (x - !•#)< 1. where it has the constant value Fv(hfL) 2 . 
EVALUATE: For this pulse the transverse velocity i. is constant in magnitude and has opposite sign on either side 
of the rxak of the pulse. 





Figure 15-64 

Idem m and SET UP: Tlx average power is given by Uq.( 15.25). Rewrite this expression in terms of i and A 
in place of F and to. 

E\i:( ITT: (a) P St = of A' 

V-JFT/J SO jF=Vfyj/l 

to- 2 xf = 2 jt(v/A) 

Usang these two expressions to replace JF and to gives P m - A *//i - (6.00x 10 1 kgf<8.00 m) 

•‘■(cfe)-’- 07 ” 

<b) E\ ALt ATE: - v l so doubling v increases P t> by a factor of 8. 

P st =8(50.0 W) - 4(Xt.O W 

Idem it\ : Draw the graphs specified in port la). 

SET Up: When y(xj)ii a maximum, the slope dy/dx is zero. The slope lias maximum nugmtude when 
y(jr,l) = 0 . 

EXECUTE: lu> The graph is sketched in Figure 15.66a 

<b| The power is a maximum wlxrc the displacement is zero, and the power is a minimum of zero when the 
magnitude of the dtsphxcment is a maximum. 
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15.67. 


15 . 68 . 


15 . 69 . 


(cl The energy flow is always in the sanx direction. 

(d) In this caw, - -fcJsin(fe r ojt) and Eq.(l5.22) becomes Plxj) - -Fka»A l m‘ikx ■* <uf >. The power is 


;o\\ 


negative (energy flows in the -.r-direction ), but the qualitative relations of part (b) are unchingcd. The graph is 
sketched in Figure 15.66b. 

EVALUATE: cos# and sin//are ISO & out of phase, so for fixed /. maximum v ccmspcmds to zero P arxi 
y - ) concspoods to maximum P. 




IDENTIFY and SET L’P: v 
FA 


combined with / 


AUL 


tJFifj. The coefficient of linear expansion a is defined by A£ - L,a A T. This can 
to give A F - -YaAAT for tlx change in tcnsxm when the tenrxraturc chances bv 


AT. Combine the two equations and solve for a. 

Execute: %\ - ij - Ftp and F - 

Tlx length and hence p stay the same but the tension decreases by AF --YaA AT. 
v, - JlF+Wfi - yJ(F - YaA AJ»i 
- Flfi - YaA Wfi - vf - YaA ATf/i 

And // - m/L so Afp - AL'm - Vim -1 ip. (A is the cross-sectional area of the wire, V\% the volume of a 

length £.) Thus if - vj - a{Y XFp) and a -- 

0 y P) 

EVALUATE: When T iixreascs the tension decreases and v decreases. 

IDENTIFY': The time between positions 1 and 5 is equal to 172. v - f A . The velocity of points on tlx string is 
given by £*<15.9). 

* 60 s\ 


SET L P: four flashes occur from position 1 to position 5. so the elapsed time is 


- 0 <14 K s . I he figure 


5000 ; 

in the problem shows that A - /. - 0.500 m . At point P the amplitude of the standing wave is 1.5 cm. 

Execute: (ii) 772 - 0.048 s and T - 0.096 X. / a \!T = 10.4 11/ . A - 0.500 m . 

(b) The fundamental standing wave has nixies at each end and no nodes m between. This standing wav e has one 
additional node This is tlx l u overtone and 2f d harmonic. 

(c> v- fA - (10.4 HzXO.500 ml - 5.20 m/s. 

(d} In position I. point P is at its maximum dtsplaccnxnt and its speed is /en>. In positicei 3. point P is pissing 
through its equilibrium position and its speed is - foA - IxfA - 2.t<I 0.4 I1/K0.015 m) - 0.9S0 rn'i. 

FL (1.00 NX0.500 ml 

T* 3 


<«» * - j— - .1— X** ™ 


1*5*. 


fj \ m v (5.20 ms)* 

Evaluate: The Standing wave es produced by traveling waves moving in opposite directions. I:ach point on the 
stnng moves in SUM. and tlx amplitude of this motion varies with poution along the string. 
iDEVlitY and SET L'P: Tlxrc is a node at the post and there must be a nixie at tlx clothespin. There ccnild be 
iddilxinal nodes in between. Tlx distance between adjacent rxidcs is A/2+ so tlx distance between any two nodes 
is niA.f 2) for n — I, 2. 3,... This muu equal 45.0 cm. since there are nod» at the post and clothespin. Use this in 
Lq.< 15.1) to gel an cxprcxsxm for the possible frequencies/. 

Execute: 45.0cm-/jU/2k **v// f so/«^i/(90.0cm)] = (0.8001lzv>. /j-l 2,3,... 

EVALUATE: Higher frequencies have smaller wavelengths, so more node-tonode segments tit between tlx post 
and clothespin. 
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15.70. 


15.71. 


15.72. 


15.73. 


Idi.n llh: The displacement of the string at any point is ><!,/) - {A %tt sinto)sin a*. For the fundamental mode 
A - 21. so at the midpoint of the urine sin At - sm(2jr/A}(L/2) = 1, and v = sin eat. The tnimvcvxc velocity is 
v, —dyici and the transverse acceleration is a t - d\\ fBt . 

SET UP: Taking dematives gives \\ - Mv oo%at. with maximum value v f i4M - . and 

a t - - -eJ sin t'X . with maximum valuer. Km - <v'A^ u . 

EXECUTE: ^/» ^»<&40*10' m/s*)/(3.80 m/s) - 2.21 x 10* rad/s ,and then 

■iv 3^D m/s»/(2.2lx 10* rad/s) = 1.72x10 * m. 

|b) v = a 12/. K«/2r) = Uajx - (0.3S6 m)(2.2I x 10' rad/s)/jr - 272 m/s. 

Evaluate: The maximum transverse velocity and acceleration will have different (smaller) values at other 
poonts on the string. 

iDEMin: To show this relationship is valid, take the second time derivative. 


SET L’P: —sxn eat - co *teM . —cos tat - -msinnif . 
rTl rV 

Execute: (u) ■ \ ' * 1 ;J^|(4^sinto)Bna*) = a*l-[(4 v 5mto)c<K<ur] 
dr a cV 


p-'.Wx.f) _ 


- -<u* [M^ sinh)sinfit| - -w‘yfr.1) . This equation shows that - -fl»y . This is characteristic of 
simple hirmonic motion; each particle of the siring moves in simple harmonx motion. 

(b) Yes, th: traveling wave is also a solution of this cquatxm. When a string carries a trav eling wave each point on 
the string moves in simple harmonic motion. 

Evaluate: a standing wave is the supcrpositxm of two traveling waves, so it is not surprising that for hath 
types of waves the particles on the string move in SUM. 

IDENTIFY and SET I p: Carry out th: analysis specified in the problem. 

Execute: (u) The wave moving to th: left is inverted and reflected: the reflection means that th: wave moving 
to the left is the same function of -a*, and the invention means that the function is -/(-*). 

(b) The wave that is the sum is f (x)- /(-x) (an inherently odd function), and fee any /./(0) - /(-ft) - 0. 

|c) The wave is reflected but rxit inverted (see the discussion in part (at above), so the wave moving to the left in 
Figure 15.21 in the textbook is *■/<-x). 


dx dx 


Jf(x) df(-x) dfix) df<-x)d(-x) df 


h n 


dx dx dt d(-x) dx 
At x - 0 . the terms are the &imc and the derivative is zero. 

Evaluate: Our results verify the behavior shown in Figures 15.20 and 15.21 in the textbook. 

IDENTIFY: Carry out the derivation as done in the text for Eq.|T5.2K). The transverse velocity is v - dyfdi and 
the transverse acceleration is a - <h* fdt. 

(a) SET Ilf: For reflection from a free end of a string the refilled wave is not inverted, so 

yix #) = >»<*. where 

jr,(x, /) - Acotfkx -f nit) (traveling to the left) 

>\<x. t) - Acos(bc - nr) (traveling to the right) 

Thus y{x. /) - .4[ccn|to ♦- oX) + cost to - eat)). 

EXECUTE: Apply the trig identity eos(o £ b) - cost/cosl*? sindsxn/> with a - to and b - rat: 
cost to -f eat) — cos to cos m? - sin tosin <ur and 
coslto - wf) - cos to cos eat + sin tosin mf. 

Then Kx, f) - <2^costo)cos<uf (the other two terms cancel) 

(b) For x - 0. cos to - 1 and t( x. f) = 2Aoo%ott. The amplitude of the simple harmonic motion at x - 0 is 2/1. 
winch is the maximum for this standing wave, so x - 0 is an antinode. 

(c) y^ - 2 A from part <b). 

(H 1 ^ f cos Ar 

v, --f— —[<2/f costo)cosraf] - 2/T cos to—■-- -2.T<vcostosiniuf. 

ft it < I 
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15.74. 


15.75. 


15.76. 


15.77. 


At Y-0. v / B-2/fo?5inarf and - 2Am 

a -1_— - _L - - 2 ^i>coiAx L '"' - - 2 /inr cosfctcos rtf 

' fr ft fv 

At y- 0. a. = -2>6u 3 ccttfttf and (<!,»_ -2.W. 

Evaluate: The expressions for (r f ) <444 and (a > are the same w at the antinodes 6>r the standing wave at* a 
string fi.\<xl at both ends. 

IDFAIIFY: The standing wave is given by Eq.( 15.28). 

S»:r L’P: At an antmcdc. sin Ax - 1. v f _ — to A . a t „ - to’A . 

EXECUTE: (u) /. *»•// = (192.0 n^'s)/(240.0 Hr) =0.800 m, and the wave an^lilude is - 0.400 cm. The 
amplitude of the motxrn at the given points is 

(it (0.400 cm)sin (z) - 0 (a nixie) (ii) (0.400 cm) xin( zf2) = 0.400 cm (an antinodc) 

(iii) (0.400 cm) sin( z/4) - 0.2K3 cm 

(h) The time is half of the period cc\f{2f) = 2.08x10 \ 

(c) In each case, the maximum velocity is the amplitude multiplied by to - 2r/ and the maximum acceleration is 
the amplitude multiplied by ttf - 4 z’ f 1 : 

(i) 0. 0: (ii) 603 mf*. 9.10x10* m/s 3 ; (iii) 4.27 m/s, 6.43 x!0* m/s 3 . 

EVALUATE: The amplitude, maximum transverse velocity, and maximum transverse acceleration vary along the 
length of the stnng. But the period of the simple harmonic motion of pirticlcs of the siring is the sanx: at all points 
an the string. 

IDFAIIFY: The standing wave frcqumcics arc given by f A - /:■ — j. v - Jf7/i . C*sc the density of steel to 
calculitc p for th: wire. 

SET UP: For steel, p - 7.8 x 10* kg m‘. For the first overtone standing wave, n = 2 . 

EXECUTE: v - —1 = (0.550 m(3l 1 Hz)-171 m s . The volume of the wire is V - {xr')L . m - pV so 


p - y - - p.r/' - (7.8x10' kg/m')r(0.S7xl0 mf - 7.96x 10 kg m. The tension is 

Fa/f\* =<7.96x10 * kg mKl?l m/s) 3 = 233 N . 

EVALUATE: The tension is not large enough to cause nuxh cliange in length of the wire. 

IDENTIFY: The mass and breaking stress determine the lenuth and radius of the string. - — . with v - i— . 

2L \)p 

SET t’P: Th: tensile stress is Fixi *. 

Execute: (u) The breaking stress is - 7.0x 10* N/m : and the maximum tension is F - 900 N. so solving 
for r gives the minimum radius r - 

p —so the minimum radius gives the maximum length 
zr'L 

. M 4.0x10 * kg . „ 

xr p t(6.4x 10 4 mf (7800 kc ni ) 


- 222 s - - 6.4 X10 * rn. The mass and dainty arc fixed. 

xO.0x\& N; m 3 1 


(b) Tlie fundanxntal frequency is /, - l/// 1 “ yyT/£ * ^ S5Wm * n S the maximum length of the 

stnng is free to v ibrate, the highest fundamental frequency occurs when F = 900 N and 

/, = £ f ^°N =376 Hz. 

* ^<4.0x10 kgH.040 m) 

Evaluate: If the radius was any smaller the tweaking stress would he exceeded. If the radius were greater, so 
the stress was less thin the maximum value, then the length would be less to achieve the same total miss. 

IDENTIFY: At a node. )W) - 0 for all /. y, ♦ y } is a standing wave if the locatxms of th: nodes don’t depend on f. 
SET L’P: The string r* fixed at each end so for all harmonics the ends are nodes. The second harmonic is the first 
avertonc and has one additional node. 
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EXECUTE: (u) The fundanxntal has node* only at the ends, r - 0 and x — L. 

<b> For the second harmonic, the wavelength is the length of the string, and the nodes arc at 
*«Qx = X/2 and .x -L. 

(c) The graphs are sketched in Figure 15.77. 

<d) The graphs in part (c'l show that th: locations of the nodes arxl antinodes between the ends vary in time. 
EVALUATE: The sum of two Standing waves of different frequencies is not a standing wave. 







Figure 15.77 
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15.78. 


15 . 79 . 


15 . 80 . 


IDENTIFY: /, - —— The buoyancy fonze B that the water exert* on the object reduces the tension in the wire. 
H S P*J'—*A* * 

SET L’P: Tor aluminum. p s - 2700 kg m 1 .1 : or water, p m - 1000 kgm'. Since the sculpture is completely 
subnxrgcd. =■ \‘ = V . 


EXECUTE: L is constant, so J-I- _ and the fundamental frequency when the sculpture is submerged is 


f - f — . with f - 250.0 liar. i — .L so l-L- . When the sculpture is in air. F - w - mi? - p Vg . 

~ v m v Ilf 


When the sculpture is submerged in water. -*-B -(p -/> )Vg — - —— and 

v up 


1IXK) ku. m 

1 =(250.0 IW II--:-198 11/. 


2Tt» kg m 

Evaluate: We have neglected tlx buoyant force on the wire itself. 
iDEVim : Compute tlx wavelength from tlx length of the string, l.'se Iiq.(l5.1) to calculate tlx wave speed and 
then apply Eq.l15.13) to relate this to the tension. 

(a) SET Ur: The tension F is related to the wave speed by * - F p <Fq.( 15.13)). so use the intormatxm given 
to calculate v. 


In a n| 



_ A __ 

2 

linduirrval 

Figure 15.79 

v* fA. - (65.4 llz(l 20 m>- 78.5 ms 


Execute: Ai2*L 
A = 2L = 2*0.600 ml = 1.20 m 


fi-mll- 14.4 < 10 ' kg/l).<ilXI in - 0.024 kg m 
Then F - fiv 1 - 10.024 lg'mX78.5 mi) 1 - 148 N. 

(h) SCI L'P: F - fit' 1 and v - fX give F - fi/'X 1 . 
p is a projxrty of the string so is constant. 

A. is determined by the length of the siring so stays constant. 
p. A constant implies Fff 1 - pA. 1 - constant, so F x if? - F 3 if: 

Execute: f.~f; L f. =<148 N>| ^|| 7 | -1&6N. 

The percent change in F is ——— - ' M — LLl_l 0.26 - 26%. 
* 148 N 


Evaluate: The wax speed and tension we calculated are similar in magnitude to values in the Examples. Since 
the frequency is proportional to yfF. a 26 % increase in tension is required to produce a 13% increase in the 
frequency*. 

IDEVim and SET L’P: Consider the derivation of the speed of a longitudinal wave in Sccticei 15.4. 

Execute: (u) The quantity of interest is the change in face per fractional length chinge. The force constant A*’ 
is the change in force per length chinge. so tlx force change p:r fractional length change is k'L, the applied force 
at one end is F - (&'£)( v,/V) and the longitudinal impulse when this force is applied fora txnx / is k'Uv^jv. Tlx 
change in longitudinal momentum is ({u)m/L)v f and equating the expressions, canceling a factor of / and solving 
for i* gives v* = L 3 k'/m. 

<l>> v = (2.00 m)J(l.S0 N/m)/(0.250 kg) = 4.90 m/s 

EVALUATE: A larger A* corresponds to a stiffer spring and for a stiller spring the wait sfxcd is greater. 
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15.81. 


15.82. 


IDENTIFY: Carry out the analysis specified in the probVrm. 

SET UP: Tbc kinetic energy ot*a very short scgnxnt Ax is AK - y(Am)vJ. r r - dytdt. The work done by the 
tensicoi is F times the increase in length of the segment. l*d the potential energy he zero when the segment is 
unstretched. 


r 4 , AK (1.2 )Air»; 1 

Execute: 




--MU 


(h> — - (\>A sin<to- at) and so u k - —pco'A' sin* (to -<ufk 

(c> Tlic piece has width Ax and height Ay~L. and so the leneth of the niece is 

<ir 


[Ar) J +| Ax‘4- 

cx 


where the relation given in the hint lias been used. 


in •'■her • 

(el li *--kA sin(to-AV), and so u f i-LfkVT sin*(to-«r). 

(f) Comparison with the result of part (c) with A' - jv‘ - M 1 pjF shows that foe a sinusoidal wave - u f - 

(g) The graph is given in Figure 15.81. In this graph. u t and w,. coincide, as shown in part (f). At v — 0. the stnng 
is stretched th: most, and is moving the fastest, so u k and u lt arc maximized. At the extremes ofy. the string is 
unstretched and is not moving, so u i and u f arc both at their minimum of zero. 

(h) i/ k + u t - Fk*A* sin J (to - (at) - /T:(»/i )/l‘'sin J (to - <ur) - L. 

EVALUATE: The energy density travels with the wave, and the rate at which the energy is transported rs the 
product of the density per unit length and the speed. 



Figure I5JU 

IDENTIFY: Apply - 0 to segments of the cable. Th: forces are the weight of the diver, the weight of the 
segment of the cable, th: tension in the cable and the buoyant force on the segment of th: cable and on the diver. 
SET UP: The buoyant force on an object of volum: Tthat is completely submerged in water is B - p 0dm Vg . 
EXECUTE: (u| The tension is the difference between the diver’s weight and the buoyant force. 

F -{>»-p^y)g -<120 kg-<1000 kg/m'xO.OKOO m‘)(9.S0 m/* J >» = 392 N. 

(hi Tlie increase in tension will be the w eight of the cable between the diver and th: point at a\ minus the buoyant 
force. This increase in tension is then 

{fiix-p{Ax})g=0-\0 kg/m-(1000 kg/Ww 1.00x10° m| 1 )(9.»Q = <7.70 N/ml.v. The tcnsxm as a 

function of x is then /’(a)- (392 N)*<7.70 N/m).v. 
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15.83. 


15.84. 


(c> Denote the tension as /’(*)- /*, -tax, where F„ - 392 N ami a - 7.70 X/m. Then th: speed of tratKvenc 
waves as a function of x is i - - yJ(F t + ax )and the time / needed fur a wave to reach tfo: surface is found 




j,. 

3 3 dxjdt J Jf^Tax 


Let the length of the cable be L, so 


r= TfiTZ7 ~ ^7&***$ " 


l = 2 V^ I> ^-- m -< % »92 N ■> (7.70 N,.’mK100 m) - >/392 X) - 3.9S s. 

Evaluate: If the weight of the cable and the buoyant force on the cable arc neglected, then lb: tension would 
have the constant value calculated in part <ay Then i - £ - 1 —' ' - IS.9 m s and r- L- 5.92 s . The 


it yi.lOkg/m v 

weight of the cable increases the tension along the cable and the time is reduced from this value. 

IDENTIFY: Hie tension in the rope will vary with radius r. 

SET L’P: The tension at a distance r from the center must supply the fcccc to keep the mass of the rope that is 
further out than r accelerating inw ard. The mass of tlus piece in m * m •’ . and its center of miss moves in a circle of 


radius 


Ltr 


EXECUTE: /(/*)-! m- 


L-r 


L + r 1 


nrj 


2 21 


( l - r m X The speed of propagation as a timet ion of distance is 


vf/*> -I-- -mJ Z* - r*. when: > 0 has been chosen for a wave traveling from th: colter to 

dt \) u dt 

tlie edge. Separating variables and integrating, the time / is 

The integral may be found in a table, or isi Appendix B. The integral is dime explicitly by Icttmg 

r - L un 0. dr - LcasO dO. >)L : -r’ - /.costf. so that | - 0 - arcsin—. and t ~ —arcsinl 11 - —— 

J yjL - r L co W2 

EVALUATE: An equivalent method for obtaining T{r) is to consider the net force on a piece of the rope w ith 
length dr and miss dm - drmjL. The tension muu vary in such a way that 

7*(r) - T(r -t dr) - -to'rdm, cs ~ - -{mat 1 /l)rdr. This is integrated to obtained T(r) - -(mto'/lDr 1 + C, where 

C is a constant of integration. Tbc tension must vanish at r - L % from which C - (wru* Lj2) and the previous result 
is obtained. 

IDEN 11PY: Carry out the calculation specified in part (at. 

Set L’P: 12- - c CM Lisin ax. 12-- sinLrcosrw* . sin 0co%0 - r*in 20 . 

cx Cl 

Execute: The instantaneous power is 

P - FA^ U tak I sin fa cos fa K 'in tat coxa*) - — / : A^ san( 2fa) sinl lo* ). 


<h) Tlie average value of P is proportional to the avenge value of un(2<ur). and the average of the sin: function is 
zero; - 0 . 

(c> Tlie graphs arc given in figure 15.84 The waveform is the solxl lin:. and the power is the dastrcl line. At tin*: 
t - 0. ya 0 and P - 0 and the graphs coincide. 

<«l > When the standing wave is at its maximum displacement at all paints, all of the energy is potential, and is 
concentrated at the places where the slope is steepest (the nodes I. When the standing wave has zero displacement, 
all of the energy is kinetic, concentrated where the particles arc moving the fastest (the antinodrsl. Thus, the 
energy must he transferred from the nodes to the antinodcs. and hack again, twice in each cyvlc. Note that |/*| is 
greatest midway between adjacent nodes and antinodes. and that P vanishes at the nodes and antinodes. 
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15.85. 


Evaluate: There is energy flow back and forth between the nixies, but there « no net flow of energy along the 
string. 

r - 0 l .r 




iDE.Min: 


For a string. /. -JL. 



Set UP: For the fundunentak n = I. Solving for F gives F - fitllf 1 . Note that /i - rr l />. so 
(i = .r(0.203x 10 ' m)'(7X00kgm'j-I.OlxlO ' kgm. 

EXECUTE: (■> F *<1.01 <10* kgm)4<0.63S m)-( 247.0 llz>- - 99.4 N 


|b) To find the fractional chingc in the frcuuencv we must take the ratio of A/ to f : f - — I— and 

2L\a 




' ' A|>>) ' iil 

ILJJf ILJfj ' > 2Lj7i2jF 


1 I A F 

A/ 21. Ja ^7 ~ I AF 

Now divide both sides bv the original equation for f and cancel terms:--—— ■ - 

^ M t I IF 2 F 

TT^J 


(cl The coetTicient of themul expansion a is defined by Al - t,/iAT . Combining this with Y - - - gives 

A/*7, 

AF - - YaAAT . AF --(2.00* KV* Pa)(l.20xlfr 4 ^)^0.20Jxl0 * m) : (ll c C>- 34 N . Then AF7F-0.034. 


Afif - -0.017 and Af - -4.2 Hz . The pitch fall*. Thi* al*o explains the constant tuning in the siring sections of 
symphonic orchestra*. 

Evaluate: An incrca*e in temperature cames a decrease in tension of the string, and thi* lowers the frequency 
of each standing wave. 




Sound and Hearing 



16.1. IDENTIFY and SET UP: Eq/IS.I) gives the wavelength in terms of the frequctxy. Use Eq.(l6.5) to relate the 
pressure and displacement amplitudes. 

EXECUTE: (j> = (344 ra's>T000 Hz ;= 0344 m 

<l») - BkA and Bk rs constant gives P ^ JA. - l?_ 

A. = A.'f^L ' -1.2x10 ‘ m; -^-; = 1.2x10 • m 

• I n , { 3.0x10- Pal 


(c) /> - HU - 2aBAiA 


p A. a ZtA 4 - constant so p = P.^A.- and - /. 


10.344 m 


3.0x10 ' Pa 
1.5*10 Pa 


/ ^ yU = (344 nVs><6.9 m a 50 Hz 

EVALUATE: The pressure amplitixle and displacement amplitude are directly proportional, for the some 
displxcmcnt amplitude, the pressure amplitude decreases when the frequency decreases and lb: wavelength 
increases. 

16.2. Identify: Apply * BkA and solve foe A. 

SKI UP: A »if. and v- fA % so A - —L and p- ~" 

A. »• »’ 

Execute; »** W ‘ f a)( ' 4S ° "V** -3auiQ-“ n,. 

2 aBf 2x<2.2x 10 Pa) (1000 llz) 

EVALUATE: Both v and B are larger, but B is larger by a much greater factor, so vlB rs a lot smaller and 
therefiwe A is a lot smaller. 

16.3. IDF.MIFY: Use liq.t 16.5) to relate the pressure and displacement amplitudes. 

s»:r UP: As stated in Example 16.1 the adiabatic hulk modulus for air is B - 1.42* 1 0* Pa Use Eq.(15.l) to 
calcukitc A from/i and then k = 2xfA. 

Execute: u> / = 150llz 

Need lo calculate k: A -yff and k - 2x/A so A - 2 trf/v - {2x radM 150 Hz|344 m s - 2.74 rad m. Tlxn 
p M -BkA = <1.42x10* PaK2.74 radmilO.0200-10 'm)^7.7S Pj. Thi* it below the pain threshold or 30 P* 
<b) J is larger by a factor of 10 so A - Isrfiv is larger by a factor of 10. and p^ - BkA is larger by a factor of 
10. Pmm “ 7 7.8 Pa. above the puin threshold 

(c) There is again an increase in/. A. and of a factor of 10. so /> t-4 - 77$ Pa. far above the pain threshold. 
EVALUATE: When/increases. A decreases so A inrrcascs and the pressure amplitude increases. 

16.4. Identify: Apply -BkA. k=— 1-I-L. so ‘ >J > 

A V v 


Ski Up: v-344 m s 


Execute: f - 


(344 m s HI 0.0 Pa> 


3.86x10* llz 


2xBA 2t(I 42x10 Paid.00x 10* m) 

Evaluate: Audible frequencies range from about 20 I Iz to about 20.000 I Iz. so this frequency « audible. 
16.5. IDF.NT1FY: i - fA Apply Lq< 167) for the waves in the liquid and Eq.(l6.8) for the waves in the metal tur 

SET UP: In part <b) the wave speed is v - L _‘ .. 

^ / 3.90 -10 4 s 
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16.6. 


16.7. 


16.8. 


16.9. 


Execute: <a>UringEq.(l6.7>, B-Jp = {lffp, so tf-[<8 mK4(01 !/)]*( 130) kg/m 1 )-1.13x10" Pa. 

|b) Using Eq.(l6.8X Y ^ i*p -<Lfi) l p =[<1-50 m)/(3.90x 10 4 s)J‘<6400 kg/m , ) = 9.47xlO H Pa. 

Evaluate: In the liquid. »• - 3200 m s and zn the melal. i - 3850 mi's. Noth these speeds are much greater thin 
the speed of sound in air. 

IDEVIIFV: y - dli. Apply Eq.<16.7) to calculate B. 

Sir t’P: /> = 3-3*10‘ kg/m' 

Execute: (u) The time for the wave to travel to Caracas was 9 min 39 s - 579 s ami the speed was 
!.0$X 10* in's. Similarly, the time for the wave to travel to Kevo was 680 s for a speed of 1.28x 10* m s. and the 
time to travel to Vienna was 767 s for a speed of l.26x 10* nVs. The average for these three measurements :s 
1.2lx 10* in's. Du: to varutions in density, or reflections (a subject addressed in later eh^itcrs). not all waves 
travel in straight Imcs with constant speeds. 

(b) From Eq.f 16.7). B - \'p. and using the given value of p - 3.3 x I0 1 kg m and the speeds found xn part (a), 
the values for the bulk modulus are. respectively. 3.9x10" Pa. 5.4x|0“ Pa and 5.2x10' Pa 
Evaluate: These arc larger, by a factor of 2 or 3. than the largest values in Table 11.1 
Identify: d - »*r fee tlx scnind waxes in air an in water. 

Set UP: Use - 14S2 m/s ai 2 <TC. as given in Table 16.1. In air. v = 344 mb. 

EXECUTE: Since along the path to the diver tlx scnind travels 1.2 m in air. the sound wave travels in water for the 
sanx time as the wave travels a distance 22.0 m - 1.20 m - 20.8 m in air. The depth of the diver is 

(20.8 - (20.8 m b - M * - 89.6 in. This is the depth of the diver, the distance from the horn is 90.8 m. 

344 ms 

EVALUATE: The time it takes the sound to travel from the hom to the person on shore is / 

The time it takes the sound to travel from the hom to the diver is 

1.2 m 89.6 m 


22.0 m 

344 m s. 


- 0.0640 s. 


. = 


- 0.0035 s + 0.0605 s = 0.0640 s. 1 he sc times arc indeed the same. for three Injure 


- 344 ms 14S2 m/s 

iccurary the distance of the horn above tlx water can't he neglected. 

Identify : Apply Eq.< 16.10) to each gas. 

SET UP: In each ease, express M in units of kg mol. For II . r - 1.41. For lie and Ar. y - 1.67. 


1(1.41 )(8.3145 J/mol K i| 300.15 K | 

(2X2.^ wl) - U2 - ,&ml ' 

A7HOI.5J/mol-K)(300.ISK) & 

(400.10 ’kg/mol| ‘ 




^ K, <300,5 10 _ ?3J 

V(39.9x10'leg.'molj ' 

(d) Repeating the calculation of Example 16.5 at T - 300.15 K gives - 348m/s. and so 
v Hj = 3.80v., v* =2.94i^ and v* = 0.92Sv^. 

EVALUATE: v is larger fee gases with smaller Si. 

IDENTIFY: i = (A The relation of v to 


temperature is given bv v - 



SET Up: Let T - 22.0°C - 295.15 K 


EXECUTE: At 22.0‘C. a —— — ~ s - m * 0.260 m ^ 26.0 cm. A=L,1 4_.. i (>*. which i* 

/ 1250 llz / /V M JT 


constant, so 


= ,(29S.I5k/^2i1 1 -354^k-8M , c 

Jl Jr • UJ A 26.0 cm) 


EVALUATE: When T iixreascs v increases and (sir Fixed A, increases. Note that we did not need to know either 
r ec M for tlx gas. 
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16 . 10 . 


16 . 11 . 


16 . 12 . 


16 . 13 . 


16 . 14 . 


yRT 

Idi.n UFA: i - .1—■■ Take the derivative of v with respect to T. In part <b) replace dv bv A\ and dT bv AT in 

IM 

the expression derived m part (a). 

d<S ‘) . -w 


set up: 


i\ 


lx'\ InIIq.(l6.10l. 7* must be in kelvinc. 20X-293K. A7*-1C'-IK 


- 0.59 m's. 


_ 4 , dv ffR dT ' 2 Jr* (< _ l2 1 \r RT v . . dv \dT _ , . , 

dT Va 1 JT \\< 2r\ M IT 6 ** V IT 

result. 

A» 1 AT 4 v AT ( 344 mb V I K 
v 2 T 2 T \ 2 A 293 K 

AT Av . 

EVALUATE: Since- -3.4x10 and —is on:-half this, replacing dT by A7* and dv by Av is accurate. Using. 

T v 

the result from part (a) is much simpler than calculating v for 20'C and for 21’C and subtracting, and is not 
subject to round off errors. 

Idi.n llf\ and SET UP: Use t - distance speed. Calculate the time it takes carh sound wave to travel th: 

L - 80.0 m length of the pipe. Use Eq.( 16.S) to calculate the speed of sound in the brass rod. 

EXECUTE: wave in air / - 80.0 m 1344 nds) - 0.2326 s 


wave in the metal: v= ll - } 9S> * ]( *' a 3235 ms 

S600 kcm‘ 


f - 


- 0.0247 s 


3235 m s 

The time interval betw een the two sounds is A/ - 0.2326 s - 0.0247 s - 0.208 s 

EVALUATE: The restoring forces that propagate the sound wax es arc much greater in solid brass than in air. so v 
is much larger in brass. 

I DEMUX: Repeat the calculation of Example 16.5 at each temperature. 

SETUP: 270®C = 300.15 K and -13.0 : C -- 260.15 K 

Ewcvn; |(I.40||83I45 J mol- KH3IXI.I5 K> _ ( <I.40 H 831J5 J mol K H 260.I5K> _ , 4 m< 

\ (28.8 »10 ' kg mo!) <28.8x10 ' kgmol) 

EVALUATE: The speed is greater at the higher temperature. Tlx difference in speeds corresponds to a 7% increase. 

n? [y 

I DEMUX: For transverse waves, v - I—. For loncitixlinal waves, v - I—. 

- Vp ** V/> 

SET UP: The mass per unit length p is related to the density (assumed uniform) and the cross-section area A by 
/i = Ap. 

(y [F y f y 

Exec ite: \\ - 30t gives /— - 30 I—and-900—. Therefore, F/A -. 

\u p Ap ‘ <M 

EVALUATE: Typical values of Y arc on the order of 10' Pa. so the stress must he about 10 > Pa. If A is on the 
order of 1 mm* - 10 * m*, this requires a force of atxiut 100 N. 

I DEV llf\: The intensity / is given in terms of the displacement amplitude by FqX 16.12) and in terms of the 
pressure amplitude by Eq.(16.14). - 2x f. Intensity is energy pvr second per unit area. 

SET UP: For part (a), / ^ 10 * \VVm\ For part (b), / - 3.2 x 10 * W.‘m\ 

Execute: (u> / - 





Jl, so p tmAK -(2.9x10 1 Pit 1 " 1 — ^ ™ - 1.6 Pa-1.6x10'atm 


• 0 W m 
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16 . 15 . 


16 . 16 . 


16 . 17 . 


16 . 18 . 


16 . 19 . 


(c) area - (500 nun) 3 ^2.5x10 * m\ Paitla): (lx!0* u W/m 3 )(2.5x!0‘ 5 m J )^2.5x 10 Ifc. 

Part (by: (3.2x|0 1 W m 3 )(2.5x 10 ' m'^ROxIO 1 J's. 

EVALUATE: For faint sounds the displaccnxnt and pressure variation amplitudes are very small. Intensities for 
audible sounds vary over a very wide range. 

I DEVnrv: Apply Kq.< 16.121 and solve for A. A - vf /. with v - yjB />. 

SET UP: & ^ 2 xf. For air. B - 1.42 x 10' Pa 
EXECUTE: (a) The amplitude is 


21 


2(3.00x10** W/m 3 ) 


-9.44x10 " m. 


JpBto 2 ^yjilOQO kg/m l )(2.18x I0 V Pa)(2»(3400 Hz)) 3 

r . . . . v JEJj J'(2.l8x 10' Pa)/(l000 kg/m 1 ) _ 

The wavelcnirth is A ---2- -2- - 0.434 m. 

/ / 3400 Hz 

(b) Repeating the abov e with B - 1.42 x 10'Pa and the density of air gives A - 5.66 x 10 v m and A - 0.100 in. 
EVALUATE: (c) The amplitude is larger in air. by a factor of about 60. Fee a given frequency, the much less dense 
air molecules must have a laruer amplitude to transfer the same amount of energy. 


iDLVim and SET Up: Use l:q.( 16.7) to eliminate either i* or if in / - 




IB 


Execute: From Eq. (19.21 K V s - Bfp. Using Eq.( 16.7) to eliminate v.J -1 
Using Eq. (16.7) to eliminate B* / - >P^/2(v*p) - p ^ /2/m 

EVALUATE: The equatxm in this form shows the dependence of / on the density of the material in which the 
wave propagates. 

IDENTIFY and SET UP: Apply Eqs.(16.S). (16.11» and < 16.15). 

Execute: (u) « = 2t/ = (2t radH 150 Ifa) = *115 rad s 

. 2.t 2xf M 912 >5 rads ... . 

*--- 2.74 rad m 

A v v 344 ms 

B = 1.42*10' Pa (Example 16.1) 

Then />,. = Md = (1.42x10* P»K2.74 radmXS.OOx 10* m) = 1.95 Pa. 

|b) Eq. 4 i 6 .ll): / -~eiBkA‘ 

I - 4(9415 radix1.42x 10' PaX27.4 ial m|(5.00-10 * m) ; -4.58x10 * Wi'm'. 

(c>I:q.( 16.15): /J = (IOdB>kigI/ /,>. with /, = I*I0° W.'m 1 . 
fl = (10dB)log((4.5Sx 10 ‘ W.m'WlxlO “ W/m*)) -96.6 dll 

Evaluate: Even though the displacement amplitude is very small, this is a very intense sound Compare the 
sound intensity level to the values in Table 16.2. 

Identify: Apply fl - (10 dB)kog</// 0 ) In part (b). use Eq.t 16.14) to calculate / from the infocmatioo that is 
given. 

s»:r UP: /, -10 43 W m\ From Table 16.1 the speed of sound in air at 20.0°C is 344 m.*. The density of air at 
that temperature is 1 . 20 kg/m\ 

Execute: (■) p = (10 dll) logl- ".- l = 57 dll. 


10 Wm 


|b) / = —- <° |S P "L *-= 2.73x10' W/m 1 . thing this in Equation (16.15) 

2nv 2(150 kn/m )(344 ml) ' * 4 


0 = <IOdB)log 


2.73x10 * W/m* 


10 -■ W/m* 


- 74.4 dB. 


EVALUATE: As expected, the sound intensity is larger (or the Jack hammer 

IDENTIFY: Use Eq.(16.13) to relate/and p^. //-(10 dHilog(/.'/ o ). Eq.(l6.4) says the pressure amplitude aixl 

(2xf\ 

displ&remcnt amplitude arc related by p at0t - BkA - ll\ - y A. 

SET Up: At 20°C the bulk medulla for an is 1.42x10* Pa and i - 344 ms. / =lxl0 IJ \Vm\ 
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16.20. 


16.21. 


16.22. 


16.23. 


16.24. 


16.25. 


Execute: (.) / -»k - 1344 ****'!** *)’ =4.4xlO'' ; WAn 1 
2 B 2(1.42x10 Pal 

» ^^(lOdB)logl »»MdP 


,c ))A- >344 ms)(6.0x 10 Pa) 

2 xfB 2*(400H/Wl.42x 10 Pal 


r. 


EVALUATE: This is a very faint sound and the displacement and pressure amplitudes are very small. Note that the 
displacement amplitude depends on the frequency but the pressure amplitude does not. 

IDEN TIFY and Set UP: Apply the relation ps -fa =<10 dBIlogf/j//,) that is derived xn Example 16.10. 


Execute: (u> up = <10 dB|log[^.j ^6.0 dB 

< l>> The total number of crying habics must be multiplied by four, for an increase of 12 kids. 

EVALUATE: For /% - a! . where a is some factor, the increase in sound intensity level is Ap - (10 dBikiga 


For a - 4. A// - 6.0 dB. 

Identify and Set UP: Let 1 refer to the mother and 2 to the father. Use the result derived in Example 1611 for 
the difference in sound intensity level for the two sounds. Relate intensity to distance from the source using 
I:q.( 1526). 

EXECUTE: From Example 16.11. P : -P { ^(lOdBilogt/,.'/,) 

Cq.< 1 S. 26 » 1 , 11 , -r;lr’ or -ij’/r,’ 

- P> - /', - HO di»)lig</.//,) = <10 dBIIc 8 (r I /r J )’ <20 dBjloglr./r,) 

A/y = (20 dB)log( 1.50 mO.30 ml -14.0 dlt 

Evaluate: The father is 5 times closer so the in tensity at his location is 25 times greater. 

Identify: /*-<IOdB»log—. /L -/f, -(10dB)log —. Solve for —. 

A A A 

SET Up: If log y - X then v ^ 10\ Let /L - 70 dB and // ^ 95 dB. 

Execute: 70.0 dB-95.0 dB--25.0 dB-(10 dB)logii. kig^---2.5 and -L-10' J ‘^3.2x10 l 

A A A 


EVALUATE: /♦ < /, when /A < fi. 

(a) IDENTIFY and SET Ur: Front Lxample 16.11 A p- (10 dBjkogf/^/,) 

Set Ap - 13.0 dB and solve for /,//,. 

Execute: IJ.OdB^lOdBlogtVO so 1 J-logC/*//,) and / 1 //,=20O 

(I>1 EVALUATE: According to the equation in part (a> th: difference in two sound intensity levels is determined 
by the ratio of tlxe sound intensities. So you don't need to know* /,. just the ratio /)//,. 

v* i* 

IDENTIFY: Foe an open pipe. /, - — For a stopped pip:. f x - — v - / 

SET Up: v- 344 m s. For a pipe, there must be a displacement node at a closed end and an antimxlc at the 
open end. 

Execute: cu» /. —1- > u % - 0.290 m. 

2/ 2(594 11/1 

<b! There is a mxle at on: end. an antxmxle at th: other end and no other nodes or ant inodes in between, so 
2.-land ^ = 4/. - 4(0.290 m) - 1.16 m. 



1 v 

2 21 . 


1(594 lb)^ 297 Hz. 


Evaluate: 


We could also calculate f \ for the stopped pipe as f x - — 

A 


344 m s 
1.16 m 


297 II/. which agrees with 


our result in pari (a). 

IDENTIFY and SET Up: An open end is a displacement antinode and a closed end is a displacement node. Sketch 
the standing wave pattern and use the sketch to relate the node To-ant inode distance to th: length of the pipe. A 
displacement mile is a pressure antxmxle and a displacement antimdc is a pressure node. 
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16.26. 


Execute: (u) The placement of the displacement nodes and antinodes along the pipe it as sketdvd in 
Figure 16.25a. The open ends arc ditplaccnxnt ontinodet. 


ui.u«wn«j 



V A 

nwim 6N)m 


I ■* WfKW 



AN A X A 

vr vr vr 

m iii m m 

Figure 16.25a 


Fixation of the dctplaccnxnt nodes (X) treasured from the left end: 

fundairenlal 0.60 m 

1st overtone 0.30 in. 0.90 m 

2 nd overtone 0.20 m. 0.60 n\ 1.00 m 


2t< (name 



ANAS AN A 




Location of the pressure nodrs (displacement antinodes (A)) meatured from the left end 

fundairenlal 0 , 1.20 m 

1 st overtone 0 . 0.60 m. 1.20 m 

2 nd overtone 0 . 0.40 m. 0.80 m. 1.20 m 

<b> The open end is a displacement antinode and the closed eixl it a displacement rode. The placement of the 
displ&rcmcnt mdes and antimde* along the pipe it sketched in Figure 16.25b. 


pir.li c*xr*x* 



Figure 16.25b 


Location of th: dttplaccnxnl nodes (X) treasured from the doted end: 

fundairenlal 0 

1st overtone 0. O HO m 

2nd overtone 0. 0.48 m. 0.96 m 


Location of the pressure nod» (displacement antinodes (A)) meatured from the closed end: 

fundamental 1.20 m 

1st overtone 0.40 in. 1.20 m 

2nd overtone 0.24 m. 0.72 m. 1.20 m 

EVALUATE: The mde-uv-node or antinode-to>antmode dittancc is X1 2. For the higher overtones the trequerey 
is higher and the wavelength it smaller. 

IDENTIFY: A pipe doted at one cod it a stopped pipe. Apply Fqs.(16.18> and {1622) to find the frequencies and 
Lqs.l 16.19) and 1 16.23) to find the highest audible harmonic in each case. 

SET L’P: For the open pipe n = 1, 2. and 3 for th: first three harmonics and for the stopjvd pipe n - L 3. and 5. 


EXECUTE: (u> T[ and /- “ »/■- 
LiJ m « 

382 II/. / 2 - 764 II/. /, -1146 Ifz, ^ 1528 11/ 


(hi /;--L and »«/„ i»*I, 3.5. 

1.44 m s 

-- 1 191 llz. fv =573 llz. /, - 955 11 /, f, - 1337 11/ 

4(0.450 m) 


/ 20.000 Hz t t . f 20.OOO11/ Irw fA 

(cl open pipe n -52. dosed pipe-104. But only odd n are present, to 

111 /, 382 »lz 11 /i 191 llz 1 1 

» = 103. 

EVALUATE: For an open pipe all hirmceiics are present. For a stopped pipe only odd hirmanics are present For 
pipet of a given length. /. for a stopped pipe is half what it rt for an open pipe. 
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16.27. 


16.28. 


16.29. 


16.30. 


16.31. 


IDENTIFY: Foe a stopped pipe, the standing wave frequencies arc given by Eq.l16.22). 
SET UP: The first three standing wave frequencies correspond to n -1, 3 and 5. 

<344 m s) 


tMXITl: 


r, - ^ (17 ’ ml 506 ' /l ' * 3 2 ' 29 U ' 


EVALUATE: All three of these frequencies are in the audible range, which is about 20 11/ to 20.000 11/. 
Idfxiify: Model the auditory canal as a .stopped pip: of length L - 2.40 cm. For a stopped pipe, x, - 4£. 

/« = -J7 ^ * 'l/'o " = l « 3. 5. 

SET UP: Take th: highest audible frequency to be 20.IXM) II/. v - 344 m s. 

EXECUTE: (a) /: - -- * * '' ' -3.58 x |0 II/. A - 41 - 4(0.0240 m) - 0.0960 m. This frequency is 


4 L 4(0. 

audible. 

/ 20,000 Hz 

|b> For / - 20,000 Hz.-—— -- 5.6; the highest harmonic which is audible is for n - 5 I fifth harmonic) 

/, 358011/ 

Sf = 1.79x10' Hz. 

Evaluate: For a stopped pipe there arc no even harmonics. 

iDEMin: For either type of pipe, stopped or open, the fundamental frequency is proportional to the wave speed 
»\ The wave spred is given in turn by Eq.{l6.IO). 

SET UP: For He. / ^ 5/3 and for air, y = 7/5. 

EXECUTE: (to The fundanxntal frequency is proportional to the square root of the ratio . so 




u - fsm I— — =--<262 Hz) 1 ±1 — - 767 llz. 

r- W> d 0 " 

(b) No. In either case the freqticncy is propyrtional to the speed of sound in the gas. 

EVALUATE: The frequency is much higher for helium, since the rms speed is greater for helium. 

IDENTIFY: There must be a node at each end of the pipe. For the fundamental there are no additional nodes and 
each successive overtone has one additional node, v - /A. 

SET UP: v - 344 m s. The node to node distance is >1/2. 

EXECUTE: (u) - L X| = 2L. Each successive overtone adds an additional At 2along the pip:, so 

— \-L and A - where n - 1. 2. 3. f -— 

2 J * i. Ja A m 2 L 

(b) f —1--li-LL-68.8 II/. /,-2/ -138 11/. - 3/- 206 llz. All three of these frequencies arc 

2Z. 2(2.50 m) 

audible. 

Evaluate: a pipe of length L closed at both ends has the same standing wave wavelengths, frequencies and 
nodal patterns as for a string of length l that is fixed at both ends. 

Idlviif^ and SET UP: Use th: standing wave pattern to relate the wavelength of the standing wave to the length 
of the air column and then use liq.f 15.1 ) to calculate f. There is a displacement antinode at the top (open) end of 
the air column and a node at the bottom lclosed) end. as shown in Figure 16.31 
Execute: (u> 

♦ 

AiAmL 

A = 4/. ^ 4(0.140 ml ^ 0360 m 

/=!- i:iS 614 Hz 
A 0.560 tn 



Figure 16 JI 


(b) Now the length /. of the air column becomes 4(0.140 ml - 0.070 m and A - 4/. - 0.280 m. 

/-I mo* 

A 0.280 m 

EVALUATE: Smaller L means smaller A, which in turn corresponds to larger f. 
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16.32. 


16.33. 


16.34. 


16.35. 


iDEYTlfY: The wire will vibrate in its second overtone with frequency //" when //'* - For a stopped 
ft* _ v * 


PV* f, 


——. Tlic tint overtone standing wave frequency tor a win: fixed at both ends is f* m = 3 —lil- 
4 I h- ' 1L ‘" 


Y^^yjFfp. 

SKI UP: The wire has u - ————— 833 x 10 * kern. The speed of sound in air is »• - 344 m s. 

L 0.850 m * 


EXT.Cl TE: I - 


ON 


53x10 kg.m 


- 694 m's. 


e ,vc * 


3-liis_!_ 

4 *Pt- 


2^ _ *0.*S0 _ ft0702 m _ 7 03cm 

~ 12i„„ 12(694 m s) 

Evaluate: The fundamental for the pope has the sanx frequeixy as the third harmonic of tlx wire. But the wave 
speeds for the two objects are different and the two standing waves have ditYcrent wavcVmgths. 


QU--* 

^ 2.«*«n J I.Ol m 

Figure I6J3 


(ai Idimiiv and SET Ur: Path difference fn>m pixnts A and B to point Q is 3.00 m - 1.00 m - 2.00 m. as 
shown in Figure 16.33. Constructive interference implies path difference - nA % n = I, 2, 3,... 

Execute: 2.00 m-/U so A - 2.00 m •« 


T 


»' 

' 23X1 m 


344 nvs> 


n<172 ll/.i #i = I. 2.3. ... 


2.00 m 

Tlx lowest frequency for which constnxtive interference occurs is 172 II/. 

(b) iDKMin and SET UP: Destructive interference implies path difference - («/2M. n - 1 . 3. 5. ... 
Execute: 2.00 m - (n • 2)A so A - 4.00 m.' n 


V uv 
I ~ 4.1X1 m 


;i(344 m's) 
(4.00 ml 


- n<86 llz). iv = l. 3.5.... 


Tlx lowest frojucncy for which destructive interference occurs is 86 II/. 

Evaluate: As the frequency is slowly increased, the intensity at Q will fluctuate, as the interference changes 
between destructive and constructive. 

iDEVnn: Constructive interference occurs w hen the difference of the distances of each source from point /* is 
an integer number of wavelengths. The interference is destructive when this difference of path lengths is a half 
integer number of wavelengths. 

SET UP: Tbc wavelength is >. - vjf - (344 m/s)/(206 ll/l - 1.67 m Since P is between the speakers, x must be 
in the range 0 to L. where L - 2.00 m rs the distance between the speakers. 

Execute: The difference in pith length is Ai - \L - x) - x - L - 2*. or x -(L - Al )l 2. For destructive 


interference. AJ - in -t (1/2)))., and for constructive interference. AJ - nA. 


<a) Dcstnxtivc interference 11 - 0 gives AJ - 0.835 m and v = 0.58 m. n - 1 gives A/ - -O.S35 m and v - 1.42 m 
No other values of n place P between the speakers. 

<b) C'onstnxtivc interference: n -0 gives 4/-0 and x - 1.00 in. n -1 gives A l - 1.67 m and .r -0.17 m n - -I 
gives AJ - -1.67 m and x - 1.83 m. No other v alues of n place P between the speakers. 

(c) Treating tlx speakers as point sources is a poor ippioximation for these dimensions, and sound reaehes these 
poants after retlecting from the walls, ceiling, and floor. 

Evaluate: Points of constructive interference arc a distance /. •' 2 apart, and tbc same is true for tlx points of 
destructive interference. 

iDf.vntY: Foe constructive interference the path ditference is an integer number of wavelengths arxl fee 
destructive interference tbc path difference is a half-integer number of wavelengths. 

SET UP: a ^ vif ^ (344 m s).'(688 II/) ^ 0.500 m 

Execute: To move from constructive interference to destructive interference, tlx path difference must change 
by yj 2. If you move a distance x toward speaker B. the distance to B gets sfoartcr by x and the distance to A gets 
longer by x so the path difference changes by 2v. 2x - A'2 and x - k/4 - 0.125 m. 

Evaluate: If you walk an additional distance of 0.125 m farther, the interference again becomes constructive. 
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16 . 36 . 


16 . 37 . 


16 . 38 . 


16 . 39 . 


16 . 40 . 


16 . 41 . 


IDEAIIH: Destnxlivc interference occur* when the path difference it a half integer number of wavelengths. 

Si:r UP: v - 344 m/x, so \ - v/f - (344 m.s)/(l72 lie) - 2.00 m. If r A - 8.00 m and are the distances of the 

person from each speaker, the condition for destructive interference is r g -r A - |/j + where n is any integer. 
Execute: Requiring r v = r t +(/j + >0 gives n + ±>-r t jA - 8.00 m)/( 2.00 m)- -4. so the smallest 
value of r k occurs when n - -4. and the closest distarxe to B is r w - 8.00 mt(-4ti)( 2.00 m)-l.fOm. 
Evaluate: For r* - 1.00 m. tlic path ditVcrencc is r A -r M - 7.l» m. This is 3.5>L 
iDEAiiiv: Compare the path difference to the wavelength. 

SET UP: A = v/f ^ 1344 m/x)/( 860 Itr)- 0.400 m 

Execute: The path difference is 13.4 m- 12.0 m - 1 .4 m. P >>ln 3 . 5 . The path ditTerence is a half* 

A 

integer number of wavelengths, so the interference is dcstnxtive. 

EVALUATE: The interference is destructive at any point where the path ditTerence is a lull'-integer number of 
wavelengths. 

iDLvinv: f^=\f-f\ vm/A. 

SET UP: v 344 m% Let \ - 6.50 cm and A, ^ 6.52 cm. A i >A i so f \ > f. 

ll iU.-A.) (344msH0.02x|0- m> 

Execute: f. - f - »• —- — -:— -16 II/. There are 16 heats per 

1 At A } ) A i A i (6.50x10 -mK6.52x 10 : ml 

second. 

EVALUATE: We could have calculated f and f and scfctractcd. but doing it this way we would have to be 
careful to retain enough figures in intermediate calculations toavoed round-otTerrors. 

IDENTIFY: -| A -A| For a Stopped pipe, /, »-jL. 

SETUP: v» 344 ms. Let l^-l.Mmand 1 , a 1.16 m. t+> L m so f u > f ih . 

Execute: /„ - /l( “*<**>» ^ "> „ j Ifa. 

•IU. L-l 4(1.14 mKl.l 6 m> 

second. 

EVALUATE: Increasing the Vmgth of the pipe increases the wavelength of the fundamental and decreases th: 
frequency. 

IDENTIFY: /^ ( -1/ - f |. / - *^— ('hanging th: tension changes the wave speed and this alters the frequency. 


There arc 1.3 beats per 


SET UP: v - J— so / - -i, |—. where F = F 0 + A F. I-ct f - — . We can assume that A FiF <% is wry 

2 \ ftiL 2 1 mu. 


small Increasing the tcnsxin increases the frequency. so {. . - f-/.. 


Execute: »/.«/■/,= 


It 




j 


U 

IF. 


wlxn 


A/* 

A FfF v is small nix gives that f M - /, | —— |. 

r, /, 440 llz 

Evaluate: The fractional change in frequenry is one*half the fractional change in tension. 
I DIN nfY: Apply the IXopplcr shirt equation f. -1 -—— 

\ V+V S 

SET UP: The positive direction is from listener to source /, - 1200 Hz. f, - 1240 Hz. 


Execute: \\ - 0 . v. - -25.0 m s. /, - 


r . vj\ (-25mx)fl240llz> _ 

f gives v-- 780 m's 


r+\\) A"A 1200 11/-1240 Hz 

EVALUATE: f, > f sit»:c th: source is approaching the listener. 
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16.42. IDENTIFY: Follow the steps of Example 16.19. 

SET t’P: In the Tint tfep. v* - -t20.0 mf% instead of -30.0 m’s. In the second step. »j = -20.0 m/s instead of 
■♦30.0 m s. 


Execute: /L - 




k » 


•4i) m s 


340 m s 120.0 m s 


> 


3«i Itx) = 283 Hz. Then 


' 


fT X 


A - 


340 m's - 20.0 m s 
340 ms 


(2S3 llz) - 266 Hz. 


Evaluate: When the car is moving toward the reflecting surface, the received frequcixy bxk at tlx source is 
higher than tlx emitted frequency. When the car is nxmng away from the reflecting surface, as is the ease here, tlx 
received frequcixy bark at tlx source is lower than the emitted frequency. 


16.43. 


iDiMtn: 


Apply the Dozier shifl equation f t - 




SET UP: The pewitive direction is from listener to source f\ - 392 II/. 


llz 


(b» »i - '35.0 nv*. H.+lSAn*. /. -I 111 1 , -f . 344 150 1,392 Ik)-371 11/ 




344 m s t .0 m s 


16.44. 


Evaluate: The distance between whistle A and the listener is increasing, and for whistle A f L < f t . The 
distarxe between whistle B and the listener is also increasing, and foe whistle U t\ < /*. 

Id*n I1FY and S*:r L'P: Apply IlqsX 16.27) and (16.28) for the wavelengths in from of and behind the source. 

860 m. 


v *44 m s 

Then f = vfA. When the source is at rest A --— 

/: 40011/ 


Execute: (uH*q.(l6 27>: a^ 


< 


344 ms - 25.0 m s 
40011/ 


- 0.798 m 


(h> I:q.f 16.28): a - 1 1±- 0.922 m 

(c) sv/A (since v, -0), so f t -(344 ms)’0.79X m - 431 11/ 

(d) f L = v/A -(344 m s)0.922 m - 373 11/ 

Evaluate: In front of tlx source (source moving toward listener l the wavelength rs decreased and the frequency 
is increased. Behind the source (source moving away from listener) the wavelength is increased and the frequency 
is decreased. 


16.45. iDi.Min: 

A*VT- 

SKI UP: 


p — v |< 

The distance between crests is In front of the source A --- and behind the >ourcc a - - 




T - 1.6 i. v - 0.32 in'*. The crest lo crest distance i> the wavelength. «<- 0.12 m. 


A 


Execute: (a) f, = \/T - 0.625 llz. i -gives v, -v0.32 m's - (0.12 m*0.625 llz) - 0.25 m*. 

A 


IbW. 


>—■ 
A 


(i..<2 last 0.25 ms 


-0.91m 


0.625 llz 

Evaluate: If the duck was held at rest but still paddled its feet, it w ould produce w aves of wavelength 
0.32 m s 


< 


- Oil m. In front ot the duck the wavelcmrth is decreased and behind the duck the wavelength is 


0.625 11/ 

increased. The speed of the duck is 78% of the wave speed, so the Doppler effects are large. 
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16.46. iMOTirt: Apply /, , __ |/ v 

SKT UP: h - 10X1 Hz. The positive direction u from the listenrr to the source, v - 344 m's. 

v t iv i - i 344 m's 


(a) i .= H344 m s),'2 ^ -172 ms, v - 0. / 


»*t l 


>44 m s-172 mi 


(1000 lfal = 2000 Hz 


(b)«,0. n-tlttaA. /.=' V ’ V| 


~ 1 44 m ' I - in ' (iixttl m - | 5) 11 / 


v t v, / v 344 in s 

Evaluate: <c) The answer in <b) is much lest than the answer in (a). It is the velocity of the source and listener 
relative to the air that determines the effect, not the relative velocity of the source and listener relative to each other 

16.47. IDI-VIIFY: Apply /, = 1j f v 

SET UP: The positive direction is from the motorcycle toward the car. five car is statKirary. so v fc - 0. 

Execute: = + whidigive ‘ L =vjA-i |-|J4« 

You must be traveling at 19.8 m s. 

EVALUATE: \\ <0 means that the listener is moving away from the source. 

16.48. I DEN HFY: Apply the IXippler effect foimula. Eq.( 16.29). 

(a) SET Ur: The positive direction rs from the listener toward the source, as shown m figure 16.48a. 

- -»0Wi i -MOn* 


490 Hz _ 1—|9.8 til s. 


Execute: - 


SI I L 

—1- 

Lk»S 

figure 16.48a 

p44 m "„ ,0 n^ ||z 


it»v t \ 344 ms-30.0 ms 

EVALUATE: Listener and source are appraadiing and / L > f v 
(l»SET UP: See figure 16.48b. 

■, - . - -30(1 ■,'* 


w ^ 


Lk»S 

figure 16.48b 


Execute: 




344 m s-18.0 m s 


1262 Hz) - 228 Hz 


344 m s -t 30.0 m s 

Evaluate: Listener and source are moving away from each otbrr and f L < 

16.49. Iden nn: Hie radar beam consists of electromagnetic waves and liq.l 16.30) applies. Apply tbe Doppler fomiula 
twice, once with the norm as a receiver and then again with the stomi as a source. 

SET UP: c - 3.00 x icf m's. When the source and receiver are moving toward each other, as is tbe case here, then 
v is nc&itivc. 


Execute: Let r be tbe frequency receiv ed by th: storm; /' - 


i; • 


c- 


f y Then f serves as the source 


Frequency when the waves arc rctlecled and 




[ 2(20.1 ms 
33X1.10' nvs-2 


20.1 ms 


(200.0x10* Hz)-26.8Hz 
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16.50. 


16.51. 


16.52. 


16.53. 


16.54. 


Evaluate: Since |>|«c. m the expression Af 


: • 


c - 


f it k a very good approximation to replace c- 


by c and thm -^L .- 2—. — is very small. so is very' small. Since the storni is appreuchine the station the final 

f% c c 

received frequency is larger than the original transmitted frequency. 

IDEM1FV: Apply I-q.< 16.30). The source is moving a\%uv. so v is positive. 

SET Up: c 3.(10* 1 (f ms. i - r5Q.QxlQ* na 


Execute: L - 


c-r 


_ 3.0U.HI 1 m.-SO-Q.lB' ■»* „ ^ 

c tv" V3.00x 10 tnit50.0x10* ms 


Evaluate: f k < f % since the source is moving away. The ditTcrcncc between f k and is very small sirxc 

v«e. 

IDEMIFV: Apply Eq.( 16.30). 

SET L>: Require f y - l.l(0/ r Since / fc > f % the star would he moving toward us and i*< 0. so v - -|i| 
c- 3.00x10* ms. 


EXECUTE: / k - /* = 1.100/, gives H£{ >0.100)*. Solving for 1.1 gives 

VHH c - ll'l 


(1.100)* - lie 

-- - 0.0950<' - 2.S5 x 10 m s. 

i+(i.ioor 


Evaluate: 1 - 9.5%. — - ——— - 10.0%. - are! — are approximately equal. 

* 4 /1 c A 

I DIMITY: Apply Eq.< 16.31). 

SET UP: The Mxh number is the valia: of \\?\\ where v* is the speed of the shuttle and v is the speed of sour>J 
it the altitude of the shuttle. 


Execute: (u) — - sina - sin5S.0 & - 0 84S. The Mach number is — 
v 'x v 


(b) V - 


331 ms 


- 390 m n 


nix mu 


nS8.0 


(c) — ■ ' 11 * -1.13. The Mach numhrr would be 1.13. sina - -- and Q _ y* 

v 344 m s v, 390 ms 

Ev aluate: The smaller the Mach number, the larger th: angle of the shock-wave cone. 

I DEMI IV: Apply Eq.< 16.31 ) to calculate a. Use the metfiod of Example 16.20 to calculate f. 
SET UP: Mach 1.70 means vfe i v = 1.70. 

Execute: (u) In Eq.(l63l), v/i; - 1*1.70-0.588 and a = anrsin(0.588t ■- 36.0°. 

(950 ml 


(n) As in Example 16.20. t - 


23 


(1.701(344 m/sK tint36.0“)) 

EVALUATE: The angle a decreases wlm the speed vvof the plane increases. 

I DEMI IV: The displacement is given in Eq.il 6.1) and tlie pressure variation is given in Eq.( 16.4). The 

pressure variation is related to the displacement by Iiq.(l6.3). 

SETUP: k*2*U 

Execute: (u) Mathematically, the waves given by Eq.( 16 I»and Eq.( 16.4) arc out of phase. Physically, at a 
displaremen node, the air is most compressed or rarefied on either side of the node. and the pressure gradient is 
zero. Thus, displacement nodes arc pressure antimxics. 

(b) The graphs have the sanx form as m Figure 16.3 in the textbook. 

(c) p(x f /) - -B —;- When versus a* is a straight line with positive slope. /Hx.f) i* constant and 

& 

negative When y(xj) versus .r is a straight liix with negative slope, p(x.t) is constant and positive. The graph of 
p(x,G) is given in Figure 16.54. The slope of the straightlinc segments for v(x,0) is I.6xl0"\ so for the wave in 
Figure 16.42 in the textbook. p^ r vt -(1.6x 10 4 )B. The sinusoidal wave has amplitud: 
p - BL4 - (2.5 x 10 * )B. The difference in the pressure amplitudes is tvcausc the two functions have 

ditferent slopes. 
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16.55. 


16.56. 


EVALUATE: (d) p(xj) hat its largest magnitude where \ixj I has the greatest slope. This is where v(.y,/> - 0 for 
a sinusoidal wave but «t it not true in general. 


Figure 16.54 


iDIXiitv: The sound intensity level it ft - (10 dB|log(/.'/„)* so the tame sound intensity level fi means the 
tame intensity /. Th: intensity is related to pressure amplitude by* Eq.(l6.13| and to the displacement amplitude by 
1:4(16.12). 

Skt Up: v - 344 m s. to - It/. Each ixtavc higher corresponds to a doubling of frequency, so the note sung by 
the bats has frequency (932 I l/)i'8 - 116.5 11/. Ld 1 refer to the note sung by the soprano and 2 refer to the rxitc 
tune by the bats. /. . - I x 10 '* Wm\ 


Execute: (u) / - 




lb 


ind /, - /. gives p 


the ratio is 1 . 00 . 


/.=/,«ivaMs/A -isiL»B.oa 
A h 

(c) //- 72.0 dB gives log(///,) - 7.2. — = IO ?J and /- 1.585x10' W/m 1 . / =2 JpB4x*f*A*. 


1- 


:/ 


2(1.585x10 * W. m ) 


2t< 932 Ilz) V J(l.20 kgm 1 X1.42 x 10* Pa) 


4.73x10 ' m - 47.3 tun. 


Evaluate: Even for this loud note the dixpUccmcnt amplitude is very small. For a given intensity, the 
displarcmcnt amplitude depends on the frequency of the sound wave hut the pressure amplitude docs not. 
IDKMIFV: Use the cquatxms that relate intensity level and intensity, intensity and pressure amplitude, pressure 
amplitude and dasplaccnxmt amplitude. an:l intensity and distance. 

(a) SET Ur: Use the intensity level p to calculate / at thrs distance. // - (10 dB)log(/i7 6 ) 

Execute: 52.0dB^(l0dB)log(/, , fl0 13 w.m 3 )) 
log(//(10 ** \V«’m 3 )) s5.20 implies / -1385x10° Wm* 

SET Up: Then use Eq.( 16.141 to calculate p'. 


/ <o = J2prt 

2p\' 

From Example 16.6, p - 1.20 kgm' for air at 20°C. 

Execute: p Bmm - J2pvl - ^2{\.20 kgm'X344 m*Xl.5S5xlO W/m 3 ) - 0.0114 Pa 


(b) SET UP: Eq.116.5): n - BkA so A 


UK 


For air jB&lAZxlO* Pa (Exatr^le 16.1). 

2k f <2* radX5H7ll*> 


2 JT 

Execute: k - 

A 


-10.72 rati m 


I- 


V 

0.0114 Pa 

£T ~ (1.42 * 10 Pa li 10.72 rail nil 


344 m! 

= 7.49'10"* m 


(c> Sr.I I P: /!. - /I - 110 dB)kig| /, / /,) I Example 16.1 II. 

I:q.( 1S.26): 1,11, *r?tr’ so IJI,=r‘/K 

Execute: p. - p ,=(10 <IB)log(f; h, )’=(20dB|lo fi (^r 1 ). 

Pi - 52.0 dB and )\ = 5.(X> m. Then p - 30.0 dB and we need to calculate t\. 
52.0 dB - 30.0 dB - (20 dB)k>g(/;//;) 

22.0 dB »(20 dB)k>g(;; /r») 

so r t = 12.6r. -63.0 m. 
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16.57. 


EVALUATE: The decrease in intensity level corresponds to a decrease in intensity. and this means an increase in 
distanre. live intensity level uses a logarithmic scale. so simple proportionality between r and p doesn't apply. 
IDEVIUY: The sound is first loud whan the frequency f u of the speaker equals the frequency f of tbc 


fundanxntal standing wave for the gas in the tube. The tube is a stopped pipe, and f x ~ — 



Th: sound 


is next loud w hen the speaker frequency equals the tint overtone frequency for the tube. 

SET L ? P: A stopped pipe has only odd harmonics, so the frequency of the firs! overt ooc is = 3/ ( . 


Execute: 




1 

4T 


. This gives T - 


i t>i-MS; 

r* 


Evaluate: (c) Measure f 4 and /.. Then f 4 - — give* v - 4 14 ,. 


651 


iDEVim: -1/, - I ft- — and v - J— gives f - — Apply Yr - 0 to the bar to find the 

1 1 1L I m 2 V mL 

tension in each wire. 

SET L’P: For Y r - 0 take th: pivot at wire A are! let countcrckxkwisc torques be positive. The free-bod)' 
diagram for the bur is given in Figure 16.58. l.ct L be the length of the bar. 

Execute: £r ^Ogives 

F t = 3h- .4♦ n /2 = 3<l&5 N)/4*<165 N)/2 = 221 N. F + F, = or. -f ic. so 


F. ^ M- ♦ HLy - F a - 165 N +185 N -221 N■ 129 N. f iA ■— j--- 

w 2^(5.50*10 kgM0.750 ml 

f« = -• IS 7 /- =/i»--27.3 II/. 

EVALUATE: The frequency iixrcascs when the tension in the wire increases. 


iv.. I 




Mi* 




» 

*V 

Fipire 1658 


£ 


*«i 


16.59. Identify: The flute acts as a stopped pipe and its harmonic frequencies arc given by Lq.116.23). The resonant 
frequencies of the siring are /. - nf i% n - 1. 2. 3.... Th: string resonates when the string frequency equals the flute 
frequency. 

SET L t P: For the stnng f u - 600.0 11/. For the flute, the fundamental frequency is 

/. -- ’ * 111 A ' - 81X1.0 II/. Let ji label the harmonics of the flute and let r: label the hirmonics of the 

“ 4/. 4(0.1075 m> 

stnng. 

Execute: For the flute and string to be in resonanre. n t f u = ir J u . where X. - 600.0 11/ is th: fundamental 
frequency for th: string, n. - n<(fn/fu) - r n ( • ** an integer when t\ - 3AT, V - L 3. 5. ... (the flute has only 

odd harmonics). n t = 3A r gives n % — 4.V 

Flute harmonic 3A r resonates with string harmonic 4AF, N - I. 3. 5..... 

Evaluate: We can check our results for sonx* specific valises of A*. For N - 1. ;j, - 3 and /* - 2400II/. For 
this \\ u, ^ 4 and f u = 2400 II/. For iV - 3, >i, ^ 9 and f M = 7200 Hz. and u. = 12. f tu = 7200 II/. Our general 
results do give equal frequences for the two objects. 
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16 . 60 . 


16 . 61 . 


16 . 62 . 


IDKXI1FY: The harmonics of the string arc J A ^nJ - n> |. where / is the xngth of the string. The tube is 

stopped pipe and its standing wave frequencies arc given by Eq.l 16.22). Foe tlx string. v = yfF/ fj. where Fis the 
tension in the string. 

SET UP: The length of tlx string is J - Lj 10, so its third harmonic has frequency - yJ-^Ffii. The 

y 

stoipped pipe has length so its first harmony has frequency ff** - — 

EXECtriE: <u> liquating ff** and and using <i - L/IO gives F * 

(b) If tlx tension is doubled, all tlie frequencies of the siring will increase by a factor of Jl. In particular, the third 
harmonic of the string will no longer be in resomnee with the first harmonic of the pip: because the frcqixncics 
will no longer match, so the sound pcixlueed by the instrument will be diminished 

(cl The stnng will be in resomnee with a standing wave in the pipe when their frequences are equal. Using 
If** =3yj -41 *. the frcqixncics of the pipe arc nff* = (where n -1. 3. 5,...). Setting this equal to the 

frequencies of the string ir/*,****, the harmonics of the string are n -3ff-3, 9. IS*... Tlx nth harmonic of the 
pipe is in resonance with the 3nth harmonic of the string. 

EVALUATE: Each standing wave for tlx air column is in resonance with a standing wave on the stnng. But the 
reverse is not true; not all standing waves of the string are in resonance with a harmonic of the pipe. 

IDEVTIFV and SET UP: Tlx frequency of any harmonic is an integer multiple of the fundamental. For a stopped 
pipe only odd harmonics are present. For an open pipe, all harmonics are present. See which pittcm of harmonics 
fits to the observed values in order to determine which type of pipe it is. Then solve for the fundamental frequency 
and relate that to the length of the pipe 

Execute: (u) For an open pipe the successive harmonics arc f A - «/,. n = 1, 2, 3.For a stopped pipe the 

successive harmonics are f A - nf r n - 1, 3. 5,.... If the pipe is open and these harmonics are successive, then 

f m - nf x -1372 11/ and = (» + I)/, = 1764 11/. Subtract the first equation from the second: 

in + \)f x -n/ t - 1764 Hz-1372 II/. This gives /,-392 Hz. Then n- ^ ~ -3.5. But n must h: an integer, so 

tlx pipe can’t he open. If the pipe is stopped and these harmonics are successive, then =n/J «= 1372 11/ and 
- (/i-f 2)/j - 1764 11/ (in this case successive harmonics difTcr in n by 2k Subtracting one equation from tlx 
cither gives 2f x ^392 Hz arel f, ^ 196 11/ Then »r = 1372 lb// =7 so 1372 Hz» 7/, and 1764 Hz-9/,. The 
solution gives integer ti as it should; the pipe is slopped. 

(b) From part (a) these an: the 7th and 9th harmonics. 

(c> From part la) /, -196 llz. 

For a stopped pipe / - — and /. —■-^— - 0.439 m. 

1 41 4 f 4(196 lb) 

Evaluate: It is essential to know that these are successive harmonies and to realize that 1372 11/ is not the 
fundanxntal There are other lower frequency standing waves; these are just two surccssivc ones. 

IDENTIFY: Tlx steel rod has standing waves much like a pope open at both ends, since tlx ctxls are both displacement 

jnt modes An integral number of half wavelengths must fit on the rod. that is. f m - with n- I. 2* 3, .... 

Set Up: Table 16.1 gives v = 5941 m* for longitudinal waves in steel. 

EXECUTE: (u) The ends of the rod arc antinodes because tlx ends of the rod are free to oscillate. 

(b) The fundanxntal can be produced when the rod is held at the middle because a nod: is located there. 


*c> f , < I H 5911 -/*) _ loai n, 
' 21130 m) 


(d) The next harmonic is n - 2. or/, - 3961 II/. We would need to bold the nxl at an i? - 2 node, which is located 
at If 4 - 0.375 m from either end. 

Evaluate: For the 1.50 m long rod the wav elength of the fundamental is x = 2L - 3.00 m. Tlx node to 
antimxlc distance is 4 = 0.75 m. For the second harmonic ). - L -1.50 m and the node to antinodc distance is 
0.375 m. There is a node at the middle of the rod. but forcing a node at 0.375 m from one end. by holding the rod 
there, prevents rod from vibrating in the tundinxntal 
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16.63. 


16.64. 


16.65. 


16.66. 


16.67. 


I NOTIFY: The shower still can be modeled as a pipe closed at both ends, and hence there are nodes at the two 
end walls, figure 15.23 in the textbook shows standing waves on a string fixed at both ends hilt the sequence of 
harmonics is the same, namely that an integral number of half wavelengths must fit in the stall. 

SF.T UP: The first three normal modes correspond to one half, two halves or three halves of a wav elength along 
the length of the air column. 

Execute: (a) The condition for standing waves is / t - dll., jo the first three harmonics an: for n - I, 2. 3. 

(b) A particular physics professor's shower has a length of /. - 1.48 m. Using /. - 4^- and t - 344 m/s gives 
resonant frequences 116 Ha 232 Hz and 349 Hz. 

Note that the iundimcnta! and secood harmonic, which would have the greatest amplitude, are frequencies 
typically in the normil range of male singers. Hence, men do sing better in the shower! (for a further discussion of 
resonance and the humin voice, see Thomas D. Ranting. The Science of Sound, Second lidition. Addison-Wesley. 
1990, especially Chapters 4 and 17.) 

EVALUATE: The Standing wave frequencies for a p3pe closed at both ends arc the same as for an open pipe of the 
came length, even though the nodal patterns are different. 

IDENTIFY: Stress is FfA* where F is the tension m the stnn« and A rt its cross sectional area. 



Execute: (u) The cross-section area of the string would he A - (900 X)/(7.0 x 10' Pa) -1.29 x 10 '* m*. 
corresponding to a radius of 0.640 mm The length is the volume divided by the area, and the volume is 


V = 01 ’ 




4.00x10 ' kul 


A (7.8x10' kg m')(l.29xl0* m i 


0.40 m. 


(h) for the maximum tension of 930 N. /. — 


*IM \ 


- |- s 375 II/. or 380 11/ to tw o figures 

2 Y (4.00x10 kgX0.40 m) 


EVALUATE: The string could be shorter and thicker. A shorter string of the same mass would have a higher 
fundanxntal frequency. 

IDENTIFY and s*: r UP: Th^c is a node at the piston, so the distance the piston moves is the rode to node 
distance. -1/2. Use Eq.<15.1) to calculate vand Eq.( 16.10) to calculate / from i*. 

Execute: (u) -1/2 = 37.5cm, so A - 2(37.5 cm)- 75.0 cm-0.750 m. 
vmfAm (500 llxX0.750 m) - 375 ms 
|b) vsJyRTIM (Uq. 16 . 10 ) 

Mv' (28.8 -10 1 tgfliol)|375 mil 1 . 

RT~ (83145 Ji'idoI ■ K« J50 K) 

(c) EVALUATE: There is a nod: at the piston so when the piston is 18.0 cm from the open end the node is inside 
the pipe. 18.0 cm from the open end. The node to antinode distance is XI 4 - 18.8 cm » the aniinode is 0.S cm 
beyond the open end of the pipe. 

The value of y we calculated agrees with the valia: given for air in lixample 16.5. 

Ideyiify: Model the auditory canal as a stopped pipe with length 2.5 cm. 

SET UP: The frequencies of a stopped pipe arc given by !:q.( 16.22). 

Execute: (u) The frequency of the fundamental is /, =• »V4I - (344 m s)/(4(0.025 m)| = 3440 Hz. 3500 Hz is 
near the resonant frequency, and the ear will he sensitive to this frequency. 

(b) The next resonant frequency would be 3/* - 10,500 Hz and the ear would be sensitive to sounds with 
frequencies close to this value. But 7000 Hz is not a resonant frequeexy for a stopped pipe and the car is rot 
sensitive at this frequency. 

Evaluate: for a Stopped pipe only odd hanromes are present. 

I DEN I1FY: The tuning fock frequencies thit will cause this to happen arc the standing wave frequences of the 

v rr~ 

wire. For a wire ot mass m. length L and with tension t the fundamental frequency is /, --.1- The 

2L 4 4 mL 

standing wave frequencies are -nf iy /i = I. 2. 3. ... 

SET UP: F - !/g, where .1/ - 0.420 kg. The mass of the wire is - pF - pLxd 1 4, w here d is the diameter. 


Execute: <u> /; 


F I Mg 
4 ml. \ud‘L'p 


(420.0x10 ' kgK9.80 m/s 1 ) _ 

t(225x 10 " m>‘(0.45 m)*(21.4x10' kg/m*) 


77.3 11 / 


The tuninu folk frequencies for which the fork would vibrate arc integer multiples of 77.3 llz. 




16 . 68 . 


16.69. 


16.70. 


16.71. 
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Evaluate: (b) The ratio mjhl *9x10/ so the tensiem does not vary appreciably alone the string doc to the 
maw of the wire. Also, the suspended mass has a large inertia compared to the mass of the wire and assuming that 
it is stationary is an excellent approxnmtion. 

iDEVnFY: Foe a stopped pipe the frequency of the fundamental is /, - —- Pc speed of sound :n air depends on 
temperature, as shown by* Eiq.iI6.IOi. 

SET UP: Example 16.5 shows that the speed of sound in air at 20 : C is 544 ms. 
v 111 n\'s 

Execute: (u> L ---—:-0.246 m 

4/ 4(349 lb) 

(hi The frequency will be proportional to th: speed, and hence to the square root of the Kelvin temperature. The 
temperature necessary to have the frequency h: higher is (293.15 K)([370 11/J'[349 llz|) 2 - 329.5 K. which is 
56.3°C. 

EVALUATE: 56.3°C - 133°F. so this extrenx rise in pilch won't occur in practical situations But changes in 
temperature can hav e noticeable effects on the pilch of the organ notes. 

Identify: v = fX. v = Solve for y. 

SET UP: The wavelength is twice the scparatxm of the nodes, so X = 2L. where L - 0.200 m. 


Execute: v = Xf = 2Lf - J--. Solving for y % 

. 1 / 

y-±CM)‘ =_ kgmol> _12,0.200 mH 1,00 Hz,)> - ,.27. 

RT (8.3145 J/mol K) (293.15 K) 

EVALUATE: This v*alue of y is smaller than that of air. We will see in Chapter 19 that this value of y is a typical 
value for polyatomic gases. 

EDEN : Dwtnxlivc interference occurs when the path difference is a half-integer number of wavelengths. 
Constructive interference occurs when the path difference is an integer number of wavelengths 

SET UP: X - — - ILL 11 = 0.439 m 
/ 784 IE/ 

EXECUTE: (u) If the sepiration of the speakers is denoted /j. the condition for dcstnxtive interference is 
>/.v ; - iV - IM. where fi is an odd multiple of one-half. Adding a* to both sides, squaring, canceling the .r - 


term from both sides and solving for x gives x --Using X - 0.439 m and h - 2.00 m yields 9.01 m 

IPX 2 

for fi - 4 . 2.71 m for /f - 1.27 m for fl - 0.53 m for // - and 0.026 m for // - 4 . These arc the only 

allowable values of fl that give positive solutions for a*. 

(Hi Repeating the above for integral values of //. constructive interference occurs at 4.34 m. 1.84 m, 0.86 m. 
0.26 m. Note that these arc between, but not midway between, the answers to part (a). 

(cl If h - 2/2. there will be destructive interference at speaker B If a/ 2 >6. the path difference can never be as 
large as Xf2. (This is also obtained from the above expression for .r. with x - 0 and fi -4*> Th: minimum 
frequency is then v/2A -<344 m/s)/(4.0 m) - 86 Hz. 

EVALUATE: When/ increases. X is smaller and there are mccc occurrences of points of constructive and 
destructive interference. 

Identify: Apply/, = 

SET UP: The positive direction is from the listener to the source, (a) The wall is the listener. \\ - -30 m/s. 

\\ = 0. f t - 600 IE/. <b) The wall is the source and the car is the listener, v* - 0. \\ - *30 m s. / t - 600 Hz. 

/. .1k -I *“ •?:"“’■ low IW-M M. 




1 + 1 L 


344 m s 


W A = 1 =( • 4> T;" >600 Ilz> - 652 11/ 

^ v+ v % ) V 344 m's 

EVALUATE: Since the singer and wall are moving toward each other the frequency received by th: wall rs greater 
than the frequency sung bv the soprano, and the frequency she hears from the reflected sound is hrger still. 
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16.72. iDEVniY: Apply A - -j—— A- 71k wall first acts as a listener and thru a* a source. 

SET UP: The positive direction is from listener to source. The bat is moving toward tlx wall so the Doppler effect 
increases the frequency and the final frequency received. / u . is greater than the original source frequency. f u . 
£.-2000 lb. fa-ft- = 10 . 0 llz 


EXECUTE: The wall receive* the sound: f.-f.,- /,=/.. and v =0. / 


t-l — T-U. The wall receives the sound: At ” Ai* v s ~ 0 and »’ L — *v wi . 
1 “ 


■+ v i 

v+ v. 


give* 


fu 


V V / V V A»—»v- v_l U 




* ~ * iii 


- - i yt V .1 /■ 2v w L lJ V (744 msX 10.0 Hz) 

-—-M/fi- -—l/ii- ----0.858ms 


2f u 2{ 2000 11/) -f 10.0 11/ 


EVALUATE: < Jd\ so we can wnte our result as the approxumte hut accurate expression M — 


^k 


r 


16.73. iDl.vim and SET UP: Use Eq.f 16.12) for the intensity and liq.l 16.141 to relate the intensity and pressure 
amplitude. 

EXECUTE: (u) The amplitude of the oscillations is AJ?. 

I - ;^B<2 *f)'A ! - 

(H) p-i(ixR')-&r‘^Bf'n'^r 

(«> 1,/tj-d‘IR- 

/. = (R<dfl, - 2x ! JpB(Rf /d)‘{AR)‘ 

1 =pL* /1 4i>B «> 

/■«. - J 2^S/ j - InJ&Wtd) AS 

Anfss.^£sai = IssL=Yf^iB,R/d>AR 
Bk B 2x B2xf ' 

But v = yjB'p so vJpfB - 1 so i-(R<d) A/?. 

Evaluate: 77ic pressure amplitude and displaeemcnt amplitude fall otTlike 1 d and the intensity like I id'. 

16.74. IDENnrv: Apply /. - -—— t. m . 77>c heart wall first acts as the listener and then as the source. 

U + vJ 

SET Up: The positive direction is from listener to source. Tlx heart wall is moving toward the receiver so the 
Doppto effect increases the frcquctxy and the final frequeixy received. Ai« ** greater than tlx source frcqixncy* 
tr *5 llz. 

EXECUTE: Heart wall receives the sound: L - A - /.» \\ - 0. v - -v^. -——I A gives 


* 


t —» 


/... Heart wall emits the sound: f - f . v* - tv . v. -0. 


^:) /u / “" / * “r^r 


. . f * f. and v - k- ~ - <** - Q.QH9 n, * - 3.19 cm*. 

- 2/,,-Vu "A) k, 2(2.00* Itfllx) 

EVALUATE: A, - 2.00x10* 11/ and / u - f u - 85 II/. so the ryipcoximaficn we nude is very accurate Within 
this approximation, the frequency difference between the reflected and transmitted waves is directly proportional 
to the speed of the heart wall. 
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16.75. (a) IDENTIFY and SIT Ur: Use Eq.( 15.1) to calculate A. 

«. , v 1482 m it 

EXECUTE: A -- 0.0674 m 

/ 22.0x|0 Hz 

<l>> IDENTIFY: Apply the Doppler ctTcct equation. Eq.t 16.29). Tlic Problem-Solving Strategy xn the text (Section 
168) describes bow to do this problem. The frequency of the directly radiated waves is f - 22.000 llx. The 
moving whale first plays the role of a moving listener, receiving waves with frequency /J. The whale thm acts as 
a moving source, emitting waves with the same frequency. //» f\ with which they are received. Let the speed of 
the whale be v w . 

SET UP: while receives waves (Future 16.75a) 


[Xl> 



Figure 16.75a 


SETUP: while re emits the waves (figure 16.75h) 


Execute: v, - 



V L " 0 Execute: v* = -v m 



Figure 16.75b 


But />/; so A 


v-Vo / 


Then 


v- »y 


y - y w ’ 


16.76. 


16.77. 


a = 14? |fe 
1482 m s -4.95 m s 

EVALUATE: Listener and source are moving tow ard each other so frequency is raised. 


IDENTIFY: Apply the Doppler effect formula /, - 
from the listener, with maximum speed al/L. 


i t v 


rt i 


- J/ t . In the SUM tlic source moves toward and away 


SET UP: Tbc direction from listener to source is positive. 

EXECUTE: (a) The maximum velocity of the siren is a\.A f - 2 m},A v . You hear a sound with frequency 
k - /.„«/('i♦ v s >. where v t vvie* between *- 2 x/,A, and 2 r/,^)and 

/«.«. = /—‘/I 

<h) The maximum (minimum) frequency is heard when the platform is passing through equilibrium and moving up 
(down). 

EVALUATE: When the platform rs moving upward the frequency you bear is greater than / In , and when it is 
moving downward the frequency you forar is less than f %mm . When th: platform is at its maximum displacement 
from equilibrium its sjvcd is zero and the frequency you hear rs 

IDENTIFY: Follow the method of Flxamplc 16.19 and apply the Doppler shill formula twice, once with the insect 
is the listener and again with the insect is the source. 

SET UP: Let be the speed of the bat. v. be tbc speed of tbc insect, and /’ be the frequency with which the 
sound waves both strike and arc rctlcctcd from the insect. The positive direction in each application of the Deppto 
shift formula is from the lisicncr to the source. 
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16.78. 


16.79. 


16.80. 


EXECUTE: The frequencies at which the bat .vends and receives the signals arc related bv 






v - v 


If 


v r V | »• -t I - 


" v * 


i Solvim: fee v 


1* v 

. ft 

1 • 1 .! 1 ' ■ 1 

l UKI V 

1./. 1 * | 

A ‘"'V.J. 

l/i.O-nJ+Atv+»yJ 


Letting / L = and/. = gives the result. 

|b) If / M = K0.7 kilt 4, = S3.S kHz. and >„ = 3.9 m/s. then i;_ ^ 2.0 m/%. 

EVALUATE: because the hat and insect an: apprxuching each other. 

iDt.Mih: Follow the steps specified xn the problem, v is positive when the source is moving away from the 
receiver and vis negative when the source is moving, toward the receiver. |/ t - / fc | is the beat frequency. 

SET UP: Tbc source and receiver are :fiproaching, so f k > and - 46.0 II/. 

.. .... ^7 JT^ w7 ( vV a/ - vV ® 

Execute: (■> A - A 


e — i Jl-v/c v 

,i “ a 7i77T" a * 


(b) Far small x, the hinomul theorem (see Appendix B) gives ) 1 - x>''* *1 - x/2* (I -t x) ^* =• 1 — x/2. Th^cforc 
f t ot J » / k | I -2-j, where the binomial theorem has been used to approximate (I - x/ 21 * *l-i 

(c | For an airplane, tlxe anproxxmatian i c is certainlv valid. Solving tbc cxrecssaon found in part tb| for v. 


- -56.8 m/s. Th: speed of the aircraft is 56.8 m s. 


M-IOO-IO* m/s)- ~ 4 - *'* 

4 4 ; 2.43 x 10’ I lx 

EVALUATE: The approximation y<Zc is seen to be valid. \ is negative because the source and receiver are 

A/ 

approx hint* Since tbc frartional shift in frequmev. —. is very small. 


iDEYim: Apply the resuh derived in pirt |b> of Problem 16.78. The radius of tbc nebula is R - vr. where / is 
the time since th: supernova explosxm. 

SET L’P: When the source and receiver arc moving toward each other, v is nrgativc and f k > f % . The light from 
the explosion reached earth 952 ycxjs ago. so that is th: amount of tin*: tbc nebula has expanded 
1 ly = 9.46x itf 1 m. 

Execute: (u) v - c A - /* > -(3.00* 10* m/st - - 1 2x 10" m/s. with the minus sign indicating 

/j, 4.568x10 llz 

that the gas is approaching tbc earth, as is expected sinre f % > / k . 

|b)The rodiui It (952 yi))3.156» 10' y>rKI2*lO* m/s) - 3.6-10" m - 3.8 ly. 

(cl Tlxe ratio of the width of the nebula to 2r times the distance from the earth is the ratio of the angular width 
(taken as 5 arc minutest to an entire circle, which is 60 x 560are minutes. Th: distance to the nebula is then 
(60)13601 


213.75 ly) 


- 5.2 «10' K. The time il takes light to travel this drtlancc is 5200 vr. so tbc cxpl 




actually took phcc 5200 yr before 1054 C.E., or about 4100 B.C.E. 

4.0x10 so even though |vI is very large the approximation required for »• - c— is accurate. 


EVALUATE: I- 


iDEYim and Set UP: Use Eq4 16.30) that tfcxcribcc the Doppler effect for electromagnetic waves, r r. so 
tlxe simplified form derived in Problem 16.78b can be used. 

(a) Execute: From Problem 16.78b, /* - 1 - v/e). 

r is negative since the source is ippreoching: 
v — —(42.0 km'hM 1000 m' 1 km>(l h-3600 *>--11.67 ms 
Approaelung nxans that the frequency is increased. 


y - f --28Cfl v 10* 11/ - 


-11.67 m s 
* 00 * 10 * m s 


-109 11/ 
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16.81. 


16.82. 


16.83. 


(b) EVA1AJATE: Approaching. so the frequency is increased. »<*: c and tlxreforc < 1. The frequency of 

the waves received and retlected by the water is very close to 2880 MHz. so get an additional shill of 109 Hz and 
the total shift in frequency is 2(109 Hz) - 2IS Hz. 

Identify: Follow the method of Example 16.19 and apply the Doppler shift formula twice,oixe for the wall as 
a listener and then again with the wall as a source. 

SKI UP: In each application of the Doppler formula, the positive direction is from the listener to the source 

i? 

EXECUTE: (u) The wall will receive and retlect pulses at a frequency- f %% and the woman will hear this 

v - v 


V + V 1' V* + V V ♦ 

retlected wave at a frequency---/*, --— f t . Tlx heat frequency is — 

v v-v v-v " 1 


]=/.(— 
> v v_k . 


(l> > In this case, the sound reflected from the wall will have a lower frequency, and using / ft (v-v; ))v-t v % ) as the 
detected frequency, v is replaced by —v in th: calculatxm of part (at and /. 




EVALUATE: The beat frequency is larger when she runs toward the wall, even though her speed is the sanx in 
both cases. 

IDENTIFY and SET UP: Use Fig.( 16.37) to relate a and T. 

Use this in Fq.f 1631) to eliminate sin a. 

Execute: Eq.(16.31): sintr-v/v. From Fig 16.37 tan a-htvj". And tan« —' n / 


Jl - sin’ a 


Combining these equations we get —-■—-and A — 7 - 

v « r 7 V , -I v/I v | 

,-,w n p- 'L.nd «i= T -4 7F 




in was to he shown 


VA'-v'r- 

EVALUATE: For a given /i. the faster the speed v* of th: pline. the greater is the delay time T. Th: maximum 
delay tinx is hfv % and T approaches this value as v* -»'S?. f -*0 as v-> v*. 

I DEN 11FY: The phase of the wave is determined by the value of x - if, so f increasing is equivalent to* 
decreasing with t constant. The pressure fluctuation and displacement arc related by Eq.(I6.3). 

SET UP: y(x.f) - 1 p{xj)dx. If pix.t ) versus* is a straight line, then y(x,f) versus x is a parabola. For air, 

1.42x10* Pa. 

Execute: (u) The graph is sketched in Figure 16.83a. 

(b) From Fq.l 16.4). the function that has the given p(x, 0) at / - 0 is given graphically in Figure 16.83b. Each 
section is a parabola, not a portion of a sine curve. The period is ?.jv - (0.200 m)/(344 m/s) - 5.81 x 10 * s and the 
amplitude is equal to the area under the p versus x curve between x - 0 and t - 0.0500 m divided by A. or 

7.04 x 10 "m. 

(c) Assuming a wave moving in th: -tx direction. v(0. f) is as shown in Figure 16.83c. 

(d) The maximum velocity of a particle occurs wben a particle is moving through th: origin, and the particle sjieed 

is v = -lii-v The maximum velocity is found from the maximum pressure, and 

v m-m - |40 PaX344 m s) {1.42 * 10' Pa) - 9.69 cm’s. The maximum acceleration is the maximum pressure gradient 
divided by the density. 

„ a (80.0 P«)/(0.l(W n» _ 6 6? , |ol m /^'. 

“ <120 k S /m') 

|e) The speaker cove moves with tlie displacement as found in part (c k th: speaker cone alternates between moving 
forward and backward with constant magnitude of acceleration (but changing sign). The arccieration as a function 
of time is a square wave with amplitud: 667 m s’ and frequency / - M - (344 m sV'(0.200 m) - 1.72 kHz. 
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Evaluate: Wc can verify tliat p{x s I) versus .x has a shape proportional to the slope of the graph of ><.r. /) 
versus x. The same is also true of the graphs versus /. 

p(P») 

i 



(c) 

Figure 1613 

16.84. iDEVIin: At a distance r from a point source with power output P % / — p - (10 dU)^///,). For two 
sources the amplitudes are combined according to the phase difference. 

SET L t P: The amplitude is proportional to the square root of the intensity. Taking the speed of sound to be 
344 m/s. the wavelength of the waves emitted by each speaker is 2.00 m. 

EXECUTE: la) Point C is two wavelengths from speaker A and one and one-half from speaker B s and so the 
phase difference is 180 ° = .r rad. 
p v oft vin -4 w 

<l»> / --r - —-• - 3.9Kx 10 * W/m 1 and the sound intensity level is 

4*r* 4.?|4.00 m>‘ ' 

(10dB)log(3.98xI0 k )s66.0dB. Repeating with /> = 6.00xl0* W and /• = 3.00mgives 
/ =5.31x10"’ W/m* and /? = S7.2dB. 

(c> With tlie result of put (a t. the amplitudes, either displacement or pressure, must he subtracted. That is. the 
intensity is found by taking the square roots of the intensities found m part (b). subtracting, and squaring the 
difference Th: result is thit / = 1.60x 10 * W/m 2 and p - 62.1 dB. 

Evaluate: Subtracting the intensities of A and B gives 

3.98 x 10 * W/m 2 - 5.31 x 10 W/m 2 - 3.45 x 10 A W/m 2 . This is very different fnwn the correct intensity at C. 
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17.1. IDEM1FY and S*:r UP: T t -$T C -f 32°. 

Execute: iu» T t =<95X-62.8) + 32- -SLOT 
(b) 7; -(9'5X56.7)-f 32 - 134.1°F 

(c> 7; = <95X311) + 32=88.0=F 

EVALUATE: Fahrenheit degree* are simllcr than Celsius degrees, so it takes more P than C° to express tlv 
difference of a temperature from the ice point. 

17.2. iDIMin and SETUP: 7; = 1(7; -32°) 

Execute: ia> 7; = (5/9X4 l.o-32>=S.o°c 
<b> 7;; = (5/9X107-32) = 41.7*0 

(c> T c • (5.9)(- 18-32)--27.S : C 

Evaluate: Fahrenheit degrees arc smaller than Celsius degrees* so it takes more F* 3 than C 9 to express the 
ditTerenee of a temperature from the ice point. 

17.3. IDSCTUY: Convert exh temperature from : C to °F. 

Setup: T p =$T c + 32*C 

Execute: IS'C cquils f(18°)^32°^64°Fand 39°C equals \ (39*) ♦ 32° = I02*F. The temperature increase is 
l02 a F-64 ; F = 38 


Evaluate: The temperature increase is 21 C 3 . and this corresponds to 121 C : l[ | - 3S F\ 
17.4. iDLMin: Convert AT-10 K to F\ 


SET UP: 1 K - I C : - $F*. 

EXECUTE: A temperature increase of 10 K corresponds to an increase of 18 P. Beaker H has the higher 
temperature. 

EVALUATE: Kelvin and Celsius degrees are th: same si/c. Fahrenheit degrees are smaller, so it takes more of 
them to express a given AT value. 

17.5. IDENTITY: Convert AT in kelvins toC 3 and to F°. 

SETUP: 1 K -1 C*- 7 F 0 

Execute: 00 at, =$a r t =£(-lo.oc°) = -ia.o P 
<b) AT C - Ar K =-10.0C° 

Evaluate: Kelvin and Celsius degrees are the same si/c. Fahrenheit degrees arc smaller, so it takes more of them 
to express a given AT value. 

17.6. IDENTIFY: Convert AT between different scales. 

SET UP: A T is the same on the Celsius and Kelvin scales. 180 f° -100 C°. so 1 C 3 - AF°. 


Execute: (b> at - 49.0 F°. at ■- (49.0 f : i - 27.2 c\ 


|b> AT - -100 F*. AT -(-100.0 i| — j- -55.6 C* 

EV ALUATE: The magnitude of the temperature change is larger in F : than in C : 
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17.7. 


17.8. 


17.9. 


17.10. 


17.11. 


17.12. 


17.13. 


17.14. 


iDEVnFV: Convert 7*in °C lo : F. 

SETUP: T % = $<7; + 32*) 

Execute: (u> T t ^(40.2 V 32° = 1IU.4°F. Ye*, you should beconcerned. 

<b) T> + 32°) = J(12°C) + 32* = 54°F. 

Evaluate: In doing the temperature conversion we account for both the size of the degrees and the different 
zero point* on the two temperature scales. 

IDENTIFY: Set f t - T t and T f -7^. 

SETUP: T v = 47 ;. + 32*C and T K = T c +273.15 = 2(7*, -32*> + 273.15 
Execute: (u) r, ^ 7 ;. - T gives T - £ T + 32 ; and r a -40*; -40*C ^ -40°F. 

(h) r, -r«-r give* r.;4<r-32°)+273.15and r-i<-|2J(32“)»273.IS) = S7S“; 575“F = 575K. 


EVALUATE: Since T K - + 273.15 there t* no temperature at wh*:h Celsius and Kelvin thermometers agree. 

IDENTIFY: Convert to tbc Celsius scale and then to the Kelvin scale. 

SETUP: Combining Eq.(I7.2) and I:q.(l7.3|. T k «4(T f -32°) + 273.15, 

EXECUTE: Substitutiixi of the giwn Fahrenheit temperatures gives 

(a) 216.5 K 

(b) 325.9 K 
(c> 205.4 K 

EVALUATE: All temperature* on the Kelvin scale are positive. 

Identify: Convert T k to 7; and then convert 7^ to T t . 

SET Up: T k - JJ + 273.15 and T, » jT c + 32°. 

Execute: (u» 7; - 400-273.15 = 127*C, 7; ^<9’5)(I26.K5> + 32-260 o F 

<l>> r t = 95 - 273.15 - -178 : C. T t =<9/5)(-178.l5) + 32 = -2K9 : F 

(c> r, = I.SSkIO’- 273.15-1.55*lO^C, 7) = <9/S)(l.S5« 10’).32«2.79x 10'°F 

EVALUATE: All temperatures on the Kelvin scale are positive. 7J is txgativc if the temperature is below the 
freezing point of water. 

Identify: Convert 7; to 7[ and then convert T c to 

sir ip: r, = ;i r t -32°). r, = r, 273 . is. 

Execute: (n> r, = *(-346° -32") = -2io'c 
<h> r,--2I0 : .273.15 - 63 K 

EVALUATE: The temperature is negative on the Celsius and Fahrenheit scales but all temperature* are positive on 
the Kelvin scale. 

IDENTIFY: Apply Eq.< 17.5) and solve for/. 

SET UP: - 325 mm of mercury 


EXECUTE: p - (325.0 mm of mercury H | - 444 mm of mercury 

EVALUATE: mm of mercury is a unit of pressure. Since l:q.( 17.5 ) involves a ratio of pressures, it is not necessary 
to convert the pressure to units of Pa. 

IDENTIFY: When the volume is constant. !-L _ El. for T in kclvint. 

I Pi 


SET Up: 7*,,^ - 273.16 K. Figure 17.7 in the textbook gives that tbe temperature at which CO* solidifies is 


T <* 


-195 K 


Execute: (1.35atm)!——— -0.964 atm 

UJ { 273.16 k; 

Evaluate: The pressure decreases when T d::leases. 

Identify: 1 K -1 C 5 and I C*^F*, so 1 K *R°. 

SET UP: On tbc Kelvin scale, the triple paint is 273.16 K. 

Execute: T u „ a(9.'5)273J6K a 49I.69°R. 

EVALUATE: One could also kiok at Figure 17.7 in the textbook and note that the Fahrenheit scale extends from 
-460°F to ♦ 32°F and conclude that the triple point is about 492°R. 
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17.15. IDENTIFY and SET L'P: Fit the data to a straight line for p(T) and use this equation to find 7*when p-0. 
EXECUTE: tut If the pressure varies linearly with tcmfvrature. then p> = p t + y(T 3 - 7[). 

6.50_i 10 4 Pa-4.S0xl0 4 Pa 
r 4 - T t ioo : c-o.orc 

Apply P - A + /(7* - *1) with r - 0.0 re and /? - 0 to solve for T. 

O^p^yiT-l) 

T-T -H- 0.01*C- 4,S0vH>< - -2S2°C. 

‘ f 170 PiC° 

(b)Lct r -KKTC and r, -0.01 °C; use liq.l 17.4) to calculate p 3 . l:qX 17.4>says TJT, - pJp. where T is in kelvins. 

« - r> j H _ 6.50 x 10 4 Pal 1111 * “ —— ' - 4.76 xIO 4 Pa: this differs from the 4.80x 10 4 Pa tbit was measured 
** / 4 1. 7;; l 100 + 273.15 ) 

so I;q.( 17.4 1 is not precisely obeyed. 

EVALUATE: The answer *o part (a) is in rcasonabV: agrcciwnt with the accepted value of -273°C 

17.16. IDEVHFV: Apply AL - aL^AT and calculate AT. Then T : -T { + AT. with T ^ I5.5*C. 

SETUP: Table 17.1 gives a *1.2x10^ (C*)“ for steel. 

Execute: AT-—~ _ l: ri V _ 23-5 c\ I ^ l5.S°C-f 23.5 C 3 ^ 39.0‘C 

aL % [1.2x10 (O 1(1671 ft] 

EVALUATE: Smcc then the lengths enter in the ratio A/./£,, we can leave the lengths in ft. 

17.17. Identify: ax. ^ l^pAT 

SET L'P: For lied, a -1.2* 10 1 (C°)'' 

Execute: a/.-(I.2«10 '(Cl l xl410mX18.Cr , c-(-S.0 i C))-.<i.39m 

Evaluate: The kngth increases when the ten^serature increases. The fractional increase is very small, since 
aAT is small. 

17.18. IDENTIFY: Apply X. - L,<1 + aAT) to the diameter *V of the nvet. 

SET Up: For aluminum, a- 2.4 x 10 5 (C 3 ) ‘. Let d v be the diameter at 78.0°C and d be the diameter at 23.0°C. 
Execute: d - d„ r Ad - djl » aAT) - (0.4500 cmN I. (2.4 »10 '(C 1 ! 1 )(23.0'C -[-78.0'C])). 
d -0.4511 cm = 4.5 II mm. 

Evaluate: Wc could have lei d, be the diameter at 23.0T and d be the diatwlcr at -78.0'C. Then 
AT - -78.0'C- 23.0*0. 

17.19. IDEYIUY: Apply /. - i,(l + aAT) to the diameter D <d the penny. 

SET Up: IK-lC. ki wc can use temperature* in “C. 

Execute: Death Valley: aD,AT -(2.6* I O' 1 (Cl ‘KI.90 cmM2S.0C) -1.4* 10 1 cm. so the diameter u 

1.9014 cm. Greenland: nD.AT --3.6x10 1 cm. m the diameter rt 1.8964cm 

Evaluate: When T iixrcasc* the diameter increases and whn T drereascs the diameter dxreascs. 

17.20. IDENTIFY : AT - PKAT. Use the diameter at -I5°C to calculate tb: value of V t at that temperature. 

SET Up: Fora hemisphere of radius R. the volume is V -LzR'. TaMc 17.2 gives p - 7.2x10 (C 3 ) ‘ for 
aluminum. 

Execute: r.»4*/f l =4^27Jm|' = 4.356x10' m‘. 

AV - (7.2x10'' (Cl '1(4.356x10' m‘((35 0 C-(-l5''CI>-160 m' 

EVALUATE: Wc could also calculate R - /?,< 1 -t aAT) and calculate the new* Tfrom R. The increase in volume is 
V - V v% but %vc would hive to b: careful to avood round-oft*errors when two large volumes of nearly the same size 
are subtracted. 

17.21. Identity: Linear expansion, apply fiq.f 17.6) and solve fee a. 

SET UP: Let X, ^ 40.125 cm: T, t - 20.0 : C. AT - 4S.0 : C - 20.0 : C ^ 25.0 C 5 gives AL ^ 0.023 cm 

Execute: AX -aL Ar implies a - - ,||, ~ ,cm - 2.3x10 1 (C 3 ) \ 

l^AT 140.125 cm|<25.0C 3 ) 

Evaluate: The value we calculated is the simc order of magnitude as tb: values for metals in Tabic 17.1. 
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IDSMIFY: Apply \V - 

SETUP: For copper, // - 5.lx 10 ' (C°) *. AK/K-0.190x10°. 


Execute: 




0.150x10 
5 1* 10 (C 


29.4 C*. T - T r AT - 49.4°C. 


p 5.1 x 10 (C ) ’ * 

Evaluate: The volume inrrcascs when ihc temperature increases. 

Identity: Volume expansion; apply tq.l 17.8) to calculate Af' for the ethanol. 

Sir Up: From Table 17.2./I for ethanol is 75*10 1 K 1 

Execute: Ar-io.crc-i9.a’C--9.oK. Tbm AU = /«’.Ar = (75*lo ’ K kitoo lm-9.o k>--i i i. The 
volume of the air .space will he 11 L - 0.011 m . 

EVALUATE: The temperature decreases. so th: volume of the liquid decreases. TBc volume change is small, less 
dun 1 % of the original volume. 

IDENTIFY: Apply A V * V \fl\T to the tank and to the cthanal 

SETUP: Foe ethanol. // - 75x10’’ (C‘) Fc« steel. £-3.6*10 5 (C) '. 

Execute: The volume change 6< the tank is 

A»;-r i /Mr-|2.*0m'K3.6xl0’ (CVX-U.OCV-HlxlO' 1 m' -—Ml L. 

The volume change for the ethanol is 

AK ^ VJl/3 - (2.80 m^TSx 10 4 (C 3 ) ' K-14.0 C°) = -2 94 * 10° m* = -29.4 L. 

The empty volume in the tank is Al' - AK - -29.4 L -(-1.4 L) - -28.0 L. 28.0 L of ethanol can be added to the 
lank. 

Evaluate: Both volumes decrease. But > //. so the magnitude of the volume decrease for the ethanol is less 

than it k for the tank. 

IDENTIFY: Apply AT - V t fi\T to the volume of the flask and to the mercury. When heated, both the volume of 
the flask and the volume of the mercury inrrcasc. 

Sir Up: Foe mercury. £ (( -18x10 * (C ; ) \ 

Execute: S.95 cm'of mercury overflows. so AI (< - A»' iU _ - 8.95 cm’. 

EXECUTE: a V Hi - »;/f % AT ^<1010.00 cm‘)(18*l0 ‘ (C : ) ‘»55.0 0-9.9 cm*. 

Al' -A I' -8.95 cm 1 -0.95 cm 1 . /l .-^±1--l.7*10'(C“) 

IjAT (10(10.1X1 cm‘X 55.0 0 

EVALUATE: The coefficient of volume expansion for the mercury is larger than for glass. When they are heated, 
both the volume of the mcrcivy and the inside volume of the flask increase. But the increase for the mercury is 
greater and it no longer all fits insxlc the flask. 

iDE.MIfrY: Apply A/. - L,aAT to each linear dimension of the surface. 

SET UP: The area can be written as .*1 - aLL.. where a is a constant that depends on the shape of the surface. For 
example, if the object is a sphere, a - 4t and / n - L 1 - r. If the ctojcct is a cube, a - 6 and - L* - L. the length 
of one side of the cube. For aluminum, a - 2.4 x 10 4 (C°) '. 


Al' - Al’ - 8.95 cm‘ « 0.95 cm*. //. 


1.7x10’ (C*) ‘. 


Execute: (■> A - 

A - aLL, =aX Ul i w <l r<rAT| ! - .^<1 < 2 qAT +[aArf). aST is very small, so [nAT] 1 can be neglected and 
A - A.(i . 20AT). A A = A-A,^(2a)A^T 

(1*1 A< -< 2<r M,A7" - (2X2.4«10 "* (C"| ‘K.t( 0.275 m)-'xl2 .SC*)-1.4*10* m' 

Evaluate: The Privation assumes th: object expands unifocmly in all directions. 

17.27. IDENTIFY and SET UP: Apply the result of Exercise 17.26a to calculate A/I for the plate, and then A * \ -f AT. 

Execute: (n> X-.rr,! = jr(l.JS0cnv2) J - 1.431 cm’ 

<b)Exercise 17.26says X4-2<iA,AT. so 44-2(1.2*10 ‘ C 'XI.431 cm’|(l75 : C-25'C)-S.ISx 10 1 cm’ 

Am A, +A4-1.436 cm' 

E VALl'ATE: A hole in a flat metal plate expands when the metal is heated just as a poccc of metal the same si/e 
as the hole would expind 

17.28. Identify : Apply Al - L,a&T to the diameter of the steel cylinder and the diameter D M of the brass piston 
SETUP: For brass. a M - 2.0x10 ’ (CV. ForsleeL a„ -12*10 ' (C“l *. 
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17.29. 


17 JO. 


17.31. 


17.32. 


17.33. 


17.34. 


17.35. 


Execute: (u) No. the bci!« expands marc thin the steel. 

<h) Call A the inside diameter of tbe steel cylinder at 20°C. At lSO^C. D -Aa* 

A.♦ AAi - 25.000cm -t AA«• This gives Q, + a„D, AT - 25.000cm* (25.000cm)Af. 

„ 25.0(10 tin) I *■ a—ATI (25.000 cm)|l .(2,0.10 1 (C) 'HI50 C 1 )] _ 

A. - - ---- 25.026 cm 

1+a^Af U (1.2x10’ CC°)“ M*30C°) 

Evaluate: The space inside the steel cylinder expands just like a solid piece of steel of the same si/e. 
IDENTIFY: Find the change A L in th: diameter of the lid. The diameter of the IkI expands according to Eq.( 17.6). 
SETUP: Amunc uoa ha* tbe same a a* steel, so a - 1.2x10 ' (C*)' 1 . 


Execute: Al - al,AT - <1.2* 10 ' «~V M725 mxn)(30.0 C> - 0.26 mm 
EVALUATE: In Eq.) 17.6). Ai has the same units as L. 

IDEVUSV: Apply Fq.( 17.121 and solve for F. 

SETUP: Forbrau. F-0.9-10" Pa and a - 2.0x10 ‘ (C*)*\ 

Execute: F--YaATA --(0.9xl0‘ Pa)|2.0xl0 '(C°) ‘)(-IIOO<2.01xlO* m ! )-4.0-IO' N 
EVALUATE: a large force is required. A T is negative and a positive tensile force is required. 
iDLVim and S»:r L'P: For part (a I. apply Eq.( 17.61 to the linear expansion of the wire. For part (b), apply 
Eq.( 17.12) and calculate FA. 

Execute: (■) A£. - al t AT 


V. 


1.9*10 ' m 


r/ - 


3.2 x 10 1 <cn 


l^AT (1.51) mX42CTC - 20 C \ 

(b) ICq< 17.12> stress FlA ^ -YttAT 

AT - 20°C - 420*C - “400 C I AT always means final temperature minus initial temperature) 


FlA = -<2.0x10* Pa <3.2x10 *(C*) ‘X-400 = +2.6x |0 V Pa 

EVALUATE: FA is positive means that the stress is a tensile I stretching l stress. The answer to part la) is consistent 
with the values of a fee nvtals in Table 17.1. Tlx tensile stress for this madcst temperature decrease is huge. 
Identify: Apply A L - L,aAT and stress - F/A= - YczAT . 

SETUP: For tleel. a-1.2x10 ’ (C“) ' and F- 2.0x10' Pa. 

Execute: (u» A/.-£,aAr-(l2.0mXl.2-l0’(C) ‘M35.0C‘)-5.0mm 

(l» sties* - -FaAF - -(2.0 x 10" PaMl.2xl0‘ (C*> '*3S.0 C°>--S.4- I0 : Pa. Tbe minus sign meant Ihc stress 
is compressive. 

Evaluate: Commonly occurring temperature changes result in very small fractional cliangcs in length bnit very 
large stresses if the length change is prev ented from occurring. 

Identify and Set UP: Apply Eq.( 17.13) to the kettle and water. 

Execute: kettle 

Q-mcAT. c -9101kg K (from Table 17J) 

Q - (1.50 kg<910 Jkg K|(S5jrC - 20.0°C) - S.873x 10* J 


water 

O - mcAT. c ^ 4190 J kg K (from TabV: 17.3) 

- (1.80 kg*4!90 Jig KXS5.0 ; C- 20.0°C) - 4.902x 10’ J 
Foul Q - 8.873- 10* J ^4.902 x 10* J-5.79xl0' J 

Evaluate: Water has a much larger specific heat cap&rity than aluminum, so most of the heat goes into raising 
the temperature of the water. 

Identify: The heal required is Q - me AT. P - 200 \V - 200 Is, which is energy divide! by time. 

SET Up: Forwalir. c - 4.19x10' J kg K. 

Execute: (u» O-mc&T - (0.320 keX4.19-lO' Jig KM60.()C)-8.04x 10' J 


«*>'- 


5.04-10* J 


- 402 i-6.7 nun 


200.0 J.’* 

EVALUATE: 0.320 kg of water has volume 0.320 L. The time we calculated in part tb) is consistent with our 
everyday experieixc 

Identify: Apply Q-mcAT. m - w/g. 

SET UP: Tbe temperature change is AT - 18.0 K. 

.. O gO (9.80 ml 1 MI-25x 10' J) 

mAT w\T (28.4 X)(I8.0 K) 

EVALUATE: The value for c ts similar to that for silver in Table 17.3, so it is a reasonable result. 


240 J kg K. 
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I7J6. 


17.37. 


17.38. 


17.39. 


17.4(1. 


17.41. 


17.42. 


iDEVnn and Si IUP: Use Eq* 17.13) 
Execute: (u> Q -me AT 

w = r(l.3x|0 4 kg) - 0.65 x ID 4 kg 


£ = <0.65x10 kgXl020J/kg KH37X-(-2(rCl) = 3K J 
<h) 20 breaths min (60 nm 1 h) = l 200 breathsh 
So £ = (1200X38 J) = 4.6 xlO 4 J. 

Evaluate: The beat low rate it £'# -13 \V 

IDENTIFY: Apply Q - mcAT to find the heat that would raise the temperature of the student's body 7 C\ 
Set Up: 1 W = 1 J s 


Execute: Find £ to raise the body temperature from 3? & C to 44 & C. 
£ ^ me AT = (70 kgK3480 J kg KX7 C°) - 1.7x10* J. 


1.7 x 10* J 


1200 Ji's 

EVALUATE: Heat removal mechanisms are essential to the well-being of a person. 

IDENTIFY and Sir UP: Set the change in gravitational potential energy equal to the quantity of heat added to the 


water. 


EXECUTE: The change in mechanical energy equals the decrease in gravitational potential energy. AU - -mgh; 


^Y6 T |= mgh. £ = ^6'|- mgh implies me AT - mgh 


AT - gh/c ^ (9.80 m s* K225 m)'(4l90 J, kg • K) = 0.526 K - 0.526 C° 

EVALUATE: Note that the answer is independent of the maw of the object. Note also the small change in 
temperature that ccvrcsponds to this large change in height! 

IDENTIFY: The woefc done by fnction is the loss of mechanical energy. The heat input fee a temperature change is 
£ - me AT 


s»:r UP: The crate loses potential energy mgh* with h = (8.00 m)sin36.9°, aixl gains kinetic energy 




EXECUTE: (a) H', ^35.0kg)(<9.80m V'X8 «)m)sm 36.9°-ill-SOin'*)*)* 1.54 x10* I. 

<b> Using Ibc rente of part la) foe Q grve* -\r - (1.54 -10' J>((3S.O kg(|3650 J.kg K>) -1.21»10 * C. 
EVALUATE: The temperature nse is very small 

IDENTIFY: The work done by the brakes equals the initial kinetic energy’ of the tram. Use the volume of the air to 
calculate its miss. Use £ - me AT applied to the air to calculate AT for the air. 

SETUP: K=lmv\ m*pV. 

EXECUTE: The initial kinetic energy of the train is K - i.125.000 kgXl5.$ m s>* - 3.00 * 10* J Therefore. £ for 
the air it 3.00.10*;. m ~pV = (1.20 kg l 'm‘K65.0 m)(20.0m)(l2.0 m) = 1.87x10* kg. O = urcAF give* 


4 T-2. __0.157 C". 

me (1.87 x 10 kgM1020 J.'kg K) 

Evaluate: The mass of air in the station is compirable to the maw of the tnnn and the temperature nse is small 
IDENTIFY : Set K - r mv : equal to £ - me AT for the nail and solve for AT. 

SET UP: For aluminum, c - 0.91 x 10’ Jkg K. 

EXECUTE: The kinetic energy of the hammer before it strikes the nail is 

K - iiwt" = ill HO kg 1(7.80 ntO’-SI.SJ. Each mike of the burner (widen 0.60(54.8 J> = 32.9 J. and with 

10 mike* O - 329 J. O-mcAF and AF^-!^- =-—- 45.2 C" 

m< (8.00.10 ‘ kg*0.91»IO Jkg K) 

EVALUATE: This agrees with our experience that hammered nails get noteeably warmer. 

IDENTIFY and SEr UP: Use the power and time to calculate the heat input £and then use I:q( 17.13) to 
calculate c. 

(a) EXECUTE: P - Q>'|. so the total heat transferred to the liquid is () - Pi - (65.0 \V»< 120 i\ - 7800 J 


Then £ = me AT gives c - —-. 2.51 x 10 ; J Xu • K 

mAT 0.780 kg(22.54 0 C - I8.55 C C> 

(li) EV ALUATE: Then the »:lual £ transferred to the liquid is less than 7800 J so the actual e is less than our 
calculated value: our result in part (al is an overestimate. 
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17.43. 


17.44. 


17.45. 


17.46. 


17.47. 


IDENTIFY: O - me AT. The mats of ;j moles it m - nM. 

Sr I Ip: For iron. M - 55.S4S ■ 10 ‘ kg mol and c = 470 J.kg K 

Execute: (u> The nu as of300 n*il i* m-nM =<100 moK55.B45.10 * kgmol) = 0.1675 kg. 

AT = Q/mc = (8950 J)/[(0.I675 kg)(470 Jkg • K •] — 114 K - 114 C°. 

|b> For ui = 3.00 kg. AT = (Jmt = 6.35 C’. 

Evaluate: (c) The result of port (a) is much larger 3.00 kg is more material than 3.00 md. 

Idem in: The latent heat of tusxm is defined by Q - ml n for the solid -♦ liquid phase transition Foe a 
temperature change. O - me AT. 

SET Up: At / - 1 min the sample is at its nulling point and at / - 2.5 mm all the sample has n*rltcd 
Execute: (u> It takes 1.5 min for all the sample to nxlt once its melting point it rcachxl and the beat input 
during (hi* lime interval i* <1.5 minlllO.O. 10 J nun)-1.50.10* I. O-mL,. 

L Q 1.50.10* J 


«i 0.500 kg 
(b| The liquid's temperature rises 
Q 1.50.10* J 
mAl (1) 51X1 knX30 C l 


Z, 3.00x10* J/kg. 

30 C* in 1.5 min. 0 = nirAr. 
= 1.00.10* J kg - K. 


The .'olid's Icmrcniturc met. ISC" in 1.0 nun. c 


Q 

m.\T 


1.00.10* J 


= 1.33.10’ Jlg-K. 


(0.500 kgXIS C) 

EVALUATE: The specific heat capacities for the liquid and solid states an: different. The values of e and that 
we calculated are within the range of values in Tables 17.3 and 17.4. 

IDENTIFY and SET Up: Neat comet out of the metal and into the water. The final temperature is in the range 
0 < T < IOC TC. to there arc no phase changes O u || - 0. 

(a) Execute: Q^ -t= o 

= 0 

(1 l» kg)(4I90 J.lg KX2.0 C 9 ) -f 10 50 kgKc^)f-7S.O C*) = 0 
a 215 J.'fcg • K 

(It) EVAIAJATE: Water has a larger specifx heat capacity so stores more heat per degree of tcirperaturc change, 
(c) If scene heat went into the styrofoam then should actually he larger than in part fa), so the true e lmtU is 
larger than we caVrulatcd: the value we cilculited would be smiller than the true value. 

IDENTIFY: Apply O - me AT to each object. The net heat flow for the system (min. soft dnnk) is zero. 
SET UP: The miss of 1.00 L of water is 1.00 kg. Ld the man be designated by the subscript m and the "water" 
by w. T is th: final equilibrium temperature. c % =4190 J.kg K. AT k - AT t . 

execute: (■> =o give* *.c.Ar..+*.c„Ar. =o. *.c.(r-rj**.c.(r-r.)-c 

m„CJT a - T) = m,C. IT-T.l Solving (otT,T- '/ ' 

r ITO.O kgl 13480 l.'kg • K) (37.0'C)-H0.355 kgl (4190 Jkg -C~) <l2.yC) „ gCM . 

(70.0 kgM3480 J/kg • C°)+(0.355 kgl (4190 J.'kgC*) 

(h) It it possible a sensitise digital thermometer coukl measure this change since they can read to 0.1°C. It is best 
to refrain from dunking cold fluids poor to orally measuring a body temperature due to cooling of the mouth. 
EVALUATE: Heat comes out of the body and itt temperature falls. Heat goes into the soft dnnk and iti 
temperature rises. 

Identify: Foe the mans body. O = me AT. 

SET Up: From Exercise 17.46. AT - 0.15 C 3 when the body returns to 37.CPC 


Execute: The rate of heat lo 


is pi. ,„ d 

~ . r <Q» 


, = »-<» ^kg,|34KQ J lg .C-mi5r , = OOOS25 d „ 7 6 minute , 

7.(0 x |0* J 'day 

EVALUATE: Even if all the BMR energy slays in the body, it takes the body several minutes to return to i 
norma! temperature. 
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17.48. IDF.N I1FY: For a temperature change O - me A 7" and for the liquid to solid phase change Q - -ml\ . 

SETUP: For water. c = 4.19-IO‘ Jkg K and L, -334-10' Jkg 

EXECUTE: Q-mcAT-mL, -(0.350kg)(|4.l9> 10' Jkg KI-18.0C°|-3 34xI0' Jkg)--1.43x10* I The 

nun ik sign says l.43x 10* J must be removed from the water. <1.43x10* JI ^^ - 3.42x10' cal - 34.2 kcal 

Evaluate: O < 0 when heat comes out of an object the equation Q - me'AT puts in the correct sign 
automatically, from the sign of AT - T ( — 7\ But in Q - ±1. we must select the coned sign. 

17.49. IDENTIFY and SET t*P: Use Eq.( 17.13) for the temperature change* and Eq.( 17.20) for th: phase changes 
EXECUTE: I leat must he addxl to do the follow ing 

ice at -10.0 : C-*>ccatCrC 

(?.. -112.0x10'■' kgM2100 Jkg• KMO'C -(-I0.0 : C1)• 252 J 

phase transition ice <0X*) —> liquid water I OX) (meltingl 
Q^, - TmL, = (12.0-10 ' kgM334-10‘ 3 kgl - 4.00S-10* 3 
water ai O'C (from melted »cc -» water at I00°C 

Q..- = <12.0x10 1 kgH4l90XkgKKIOO’C-O'CI = S.02S-10‘ 3 

phase munition water (100"C) -» steam <1(10’C| (boiling) 

(?.a =*mi. -(12.0x10 ' kgX2256-IO' 3.1g> = 2.707x10* 3 

The total Q Is {? = 252 J .4.008-10' 3» 5.02S - 10 1 J •2.707x10* 3 = 3.64-10* J 

(3.64>I0 4 IH I caT4.IS6 3) = 8.70-10' cal 

(3.64x10* JKI BtulOSS 3)=34-5Btu 

EVALUATE: Q is positive and heat must be added to the matcnal. Note that more heat is needed for the liquxl to 
gas phase change than for the temp^aturc ehinges. 

17.50. IDENTIFY: O - me AT for a temperature change and O - *«/., for the solid to liquid phase transiticei. The ice 
starts to mch when its temperature reaches 0.0 : C. The system stays at OG0 J C until all the icc has melted 
SET Up: For »cc. .- = 2.01-10' 3 kg K. lor water. L, = 3.34 -10' 3 kg 

Execute: (u) O to nine the temperature of kc to 0.00'C: 

Q-mcAT -(0.550kgM2.01xl0‘ 3/kg K)<15.0C°) = 1.66*10' 3. I - 1 1U 1 - 20.8min. 

800.0 J min 

<b) To nx*ll all the ice requires Q - mL -(0.550 kg)(3.34xl0* J.'kg) - 184x10* J. / - 1 -- - 230 min 

800.0 J man 

The total time after the start of th: heating is 251 man. 

<c) A graph of T versus (is sketched in Figure 17.50. 

Evaluate: It takes much longer tor the ice to melt thin it takes th: icc to reach th: trailing point. 

TtX) 



Figure 173) 

17.51. Identify and SET L'P: U« EqX 17.20) to cikulatc Q and then P - (>'/. Must convert the quantity of ice from lb to kg. 
EXECUTE: “two-ton air conditioner" means 2 tons (4000 lbs) of icc can hr frozen from water at (PC in 24 h. Find 
the mass m that corresponds to 4000 lb (weight of w ater): m - (4000 IbX 1 kg*2.205 lb) - 1814 kg (The kg to lb 
equivalence from Appendix E has been used.) The beat that must h: removed from the water to freeze it is 
Q - -mL, =-<1814 kgX334« 10' 3ilg| = -6.06x 10* 3. Hie power requited if this is to be dooe in 24 hour* » 

P-lL _ f '"” ' 1 1 _ 7010 W or Z 1 = 17010 WK(1 BiihHO.293 W)I = 239x10' Blub. 

i (24 l>X3600 *ZI hi 

Evaluate: The calculated power, tlie rate at which heat energy is removed by the unit, rs equivalent to seventy 
100 AV light bulbs. 
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17.52. 


17.53. 


17.54. 


17.55. 


17.5*. 


17.57. 


Identity: Foe a temperature change. O - mcXT. For the vapor -> liquid phisc transition. Q - -a\L t . 

SETUP: Foe water. L, -2.256x10’ Jkg and ,--4.19x10' Jig K. 

Execute: «u> — ’»'(-/, + rAF) 

Q- -r<25.0x 10 ‘ kgll-2.256x10’ J.kg . |4.19x10' Jkg K)| - 66.0CD - -6.33x 10' J 
<b» (25.0x10 1 kg*4.19x10' J/kgKM-660C> = -6.91xl0‘ J. 

(cl The total heat released by th: water tint Marts as steam is nearly a factor often larger than the beat released by 
water that starts at 100°C. Steam bums are much mi>rc severe than hot-water burns. 

EVALUATE: For a given anxiunt of material, the h:at for a phase change is typically much more thin the h:at for 
a temperature change. 

IDENTIFY and SET l*P: Th: heat that must he added to a lead bullet of mass m to nxlt it is Q - me to * w/ n 
( mcXT is the heat required to raise the temperature from 25°C to the nxlting point of 327.3°C; ml^ is th: heat 
required to make the solid —> liquid pha.se change. I The kitxlic energy of the bullet if its speed is v is K - iftn'*. 


Execute: K - Q says - mcXT ♦ ml^ 
v = JUcAT + L,) 

v = J2|(l 30 J ig • K )(327.3 : C - 25°C) -t 24.5 x 10* J kg) ^ 357 m s 

EVALUATE: This is a typical spxd for a rifle bullet. A bullet fired into a block of wood does partially melt, but in 
practice not all of the initial kinetic energy is converted to heat that rermins m the bullet. 
iDEMlfrY: Foe a temperature change. Q-mcXT. For the liquid -> vapor phase change. Q - -twL 
SK T UP: The density of water is 1000 kg m * 

EXECUTE: l a) The heal that goes into mass nt of water to evaporate it is O - +niL. . The h:at flow for the man is 


Q - m^cAT. where AT = -l.(X) C°. £{? - 0 so ml + m^cXT and 
.--=»£":. - ^ kgK34SO J'kg K H -1.00 C’l _ Q im g 

L. 2.42 x 10 J.kg - 6 

(b) Ft- — 1 1 ? 1.01 x 10 4 m* - 101 cm This is about 2S% of the volunx of a soft drink can. 

p 1000 kgm 

EVALUATE: Fluid loss by evaporation front the skm can he significant. 

I DEN nn: Use Q - Me XT to find O foe a temperature rise from 34.0°C to 40.CTC. Set this equal to 


0 - ml L. and solve for m. where m is the miss of water the canxl would have to drink. 


SET UP: c - .1480 J kg K ami /_. ^ 2.42 x | CT* Jkg, For water, 1.00 kg has a volume 1.00 L. .1/ - 400 kg is the 
maw of the canxl. 


Execute: 


The mass of water that the camel saves is ni - 


Mi XT (400 kgX3480 J kg K 11*0 K) 
L, " (242x10* Jkg) 


- 3.45 kg 


which is a volume of 3.45 L. 

EVALUATE: This k nearly a gallon of water, so it is an appreciable savings. 

I DEN nil: The aneroid's kinetic energy is K - To boil the water, its temperature must be raised to 
100 . 0 °C and the heal needed for the phase change must be added to th: water. 
s»:r Up: For water, c - 4190 J. kg K and L. - 2256x10' J. kg. 

EXECUTE: K -4(2.60x 10" kgMJ2.0xl0‘ m'i> ; - 1.33x10" J. Q - mcAT ■? ml.. 


«_£_ I XV -‘ ,rl _-5.05x10" kg. 

cXT r L (4190 J kg K M90.0 K) r 225* x 10* J, kg 

EVALUATE: The mass of water boiled is 2.5 times the mass of water in Lake Superior. 
IDENTITY: Apply O - mcXT to the air in the refrigerator and to the turkey. 

SET Up: For the air mi,. - pV 

Execute: m_ - (1.20 kg m‘ Ml -50 m') - 1.80 kg. Q - ’ m,c,Ar. 


Q - ([1.80 kg|(1020 J'lg• K|-f[10.0 kg](3480 Jkg KJM-IS.OC°) - -5.50x 10* J 
EVALUATE: Q is negative because heat ts removed. 5% of the heat rermvvd comes from the air. 
IDENTIFY: O - mcXT for a temperature eliange. The net O for the system i rumple, can and water) is zero. 
SET UP: For water, c. = 4.19 x 10* J.kg • K. For copper. c t = 390 J kg K. 


17.58. 
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17.63. 


17.64. 


17.65. 


17.66. 


Execute: For the copper can. ft = m v r 4 Ai; >(0.100 kg)(390 JfcgK>(r-0.(FC) =<39.0 VK)T. 
For the water, ft, -/w,c,Ar, = (0.160 kgtf4 19x 10* Jkg Kxr-0.0°C> = <670.4 JK|7\ 

For the ice, ft - m t L^ + 

Q. - (0.018 kgK3.34«10' Jig K) + (0.018 kgK4.19.IO' i'kg-Knr-O.O'C’1 - 6012 J -.(754 J Kir 
For the lead. Q - mf,\I - (0.750 kg Ml 30 J:kg KKT- 25S“C) -<97.5 J K)J" - 2.486* 10* J 
£<7 = 0 give, (39.(1 J Kir(6704 J Kir 1 6012 J -.(75.4 J'K)r (97.5 J Kir - 2.486.10' J - 0. 
1.8S5.10' J 


r = 


= 21.4 C. 


882.3 JX 

EVALUATE: r > 0.0‘C. which confirm* Hut all the ktc mcltx. 

Identify : Set ft, (%w- -0. for the system of water, ice and steam, ft - me AT fora temperature change arxl 
ft - 1 ml. fi>r a phase transition 

SHIP: For water. .- = 4190 J kg K. L, =334.10‘ Jkg and L = 2256.10' Jkg. 

EXECUTE: Hie steam both condenses and axils, and the *:e nvlts and heats up along w ith the original water. 
m.C, + M t c<28.0 C°) + -w,c(2K.O C°) - + m^ci-72.0 C°) - Cl. The mas* of steam ncedrd is 

10450 kg H 334 xIO J kg) -* 12.85 kg It 4191) J kg ■ K »2S(U" ) 

2256.10’J'kg-.(4I90 J kg KM72.0C 1 ) 

Evaluate: Since the final temperature in greater than 0.0 ; C. we know Hut all the kc melt*. 

Ill 

Iden tify: // ^ kA&T'L and * - — 

AAT 

SET UP: The SI units ot // arc watts, the units of area are m‘. the temperature ditTcrencc is in K. the length k i 

meters, so the SI units for thermal conduetivitv are J—!- 

[m*][KJ m K 

EVALUATE: An equivalent way to express the units of k is J'(s- m K). 

IDENTIFY and Set Up: Th: temperature gradient rs (T,, - T c )(L and ean he calculated directly. Use Fq.l 17.21) I 
cakuhtc the h:at current // In part (c) use // from pari <b) and apply Fiq.i 17.21) to the !2.0<m section of the left 
end of the rod. T ; - T u and 7] - 7*. the target variable. 

EXECUTE: (a) temperature gradient = (T u - T t )!L ^ (lOO.ITC - 0.0°C)0.450 m ^ 222 C°/m 222 10m 
(b) // » kAiT si -1; )fL From Table 17.5. 4 ^ 385 WVm K. so 
7/ - (385 W/m Kit 1.25 x 10 4 m : M222 Kfan) = 10.7 W 
(cl // - 10.7 W for all sections of the rod 




» 


\'c 


Figure 17.6S 

Apply If -kaATSL to th: 12.0 cm section (Figure 17.65): T u -T - Lll'kA and 

TbT - Ul/Ak rn lOO.O'C-_ lQl:<,nl " la7VVl _73.3°C 

(1.25x10 4 m*K385 Wm K) 

EVALUATE: // is the same at all points along the rod. so A7*Av is the same for any section of the rod with length 
Ay. Thus (r„-rKI2.0cm) = (r, l -7;V(45.0cml gives thit = 26.7 0* and r = 73.3 p C, « we already 

calcuhted 

iDEVnFY: For a irclting phase transitHHi. ft - «i/ n . The rate of heat conduction is -———— 

SET UP: For water. 1, = 3.34 x 10* J. kg. 

Execute: The heat condurted by the rod in 10.0 mm is 

(?-«/, -(8-50.10 1 kgM3.34.IO’ Jkg)-2.84.10’ J — 

* *7* - ;22?w ,, |n . K / 

A{T„-T C ) (1.25.10 m'XlOO C^> 

EVALUATE: The h:at conducted by th: rod is the heat that enters the iec and prodixcs the phase change 


2.84x10* J 

6011 s 


= 4.73 VV. 
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17.67. 


17.68. 


17.69. 


17.70. 


Identify and SET UP: Call th: temperature at the interfere between the wood and the styrofoam T. The heat 
current in each material is given by // - kA(T Xi - T c )•’/.. 

r 


r - 10.0 "C 


r, - m('c 


Sec Figure 17.67 

licit current through the wood: II ^ *k % A{T-T t )L , 
licit current through the styrofoam: // - k.A(T x - T\fL 


Figure 17.67 

In steady-state licit does not accumulate in either nvitcrial The same hcit has to piss through both materials in 
succession. so //, = lf % . 

Execute: (u> This implies k H A{T-T x yi^ -k t A(T : - 7yi 

f kj.,1 -A./..r -0.0176 W • 1 C:K -»<10057 VV X.K , . ^ 

kL-’kL 0.00206 WK 

« • « • 

EVALUATE: The temperature at the junction is much closer in value to T than to 7J. The styrofoam has a very 
large A* so a larger temperature gradient is required for thin for wood to establish the same heat current. 

(b) Idem in and SET t’P: I Icat flow fvr square meter is iL - A j t L. ; We can calculate this cithrr for the 


wood or for the styrofoam; the results must be the some. 

Execute: wood 

A L % 0.030 m 

stvrofcum 

!L. k LzL, ( o.o.„ wAn - ,.. W w. 

A 0.022 m 

EVALUATE: // must be the same for both materials and our nunxrxil results show this. Doth materials are good 
insulators and the heat flow is very small 

Ideviify: g-jfflllSl 

r L 

SET Up: T m - T t - 175°C - 3S°C. 1 K - 1 C\ so th.ro is no need to conv ert the temperatures to kelvinx. 

EXECUTE: (B) £..^^Vn.K,,..40n l ^.75-C-3S-C,^ |<J6W 
/ 4.0x10 *m 

(b| The power input must be 196 W, to replace the beat conducted through the walls. 

Evaluate: The heal current is snail because k is small fev fiberglass. 

Identify: Apply Eq.< 17.23). Q = lit. 

Ski Up: 1 Btu -1055 J 

^Ls j'*?**” <5.0 h) j 708Blu ■ 7.5x10' J 
/? (30 I* -F°-hBtu) 

EVALUATE: With the given units of/?, we can use >4 in ft*. AT in F° and /in h. and the calculation then gives 
Q in Btu. 

O kA\T 

IDENTIFY: - ; — Q t is the some for both sections of the rod. 

Setup: For copper, k = 385 Wm-K. For steel. * =50.2 W/m K. 


Execute: He energy that flows in tinv / is O - Ui 


9 (385 W.m- K <4.00x10 A m*Xl0O & C-65.O : C> 


EXECUTE: t a ) l or the copper section. — 


5.39 I s. 


1.00m 


t ( t kAAT (50.2 W. m KM4.00x 10 4 m ; )|65.0°C -0°C) A __ 

(b) For the steel section, L - - - . ^ ^ - 0.242 m 

EVALUATE: The thermal eceiductivity for steel is much less than that for copper, so for the same AT and .( 
smaller L for steel would be needed for the sanx: heat current as in copper. 
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17.71. 


IDEVIIFV and Set UP: Th: heat conducted through the bottom of the pot goes into the water at IOO°C to convert 
it to steam at 100°C. We can cakulatc the amount ofhrat flow from the mass of material that changes phase. Then 
use I;«t( 1 7.2 1 ) to calculate T 4 . the temperature of the lower surface of the pun. 


Execute: Q = mi - (0.390 lg)<2256.IO' Jig) - 8.79S-10 1 J 
// - Q>'l - 8.798 x 10’ J 'lKO 1 = 4.888x10' Hi 

then H.kAU a -T tV L ay *.h* T„-T t JJL J 4.888.10* J/,), 8.50.■(,'n) 5 <2 

U (50.2 W/m-KKO. 150 m*> 


r M «r f -f 5.52 C^IOG^C* 5.52 C D =105.5*C 

EVALUATE: TTie larger T u -T c rs the larger // is and the faster the water boils. 

17.72. 1DEVI1FV: Apply Eq.< 17.211 and solve for A. 

SET UP: The area of each circular end of a cylinder is related to the diameter D by A - xR' - x( D/2) ! . For 
steel, k ^ 50.2 WVrn-K. The boiling water has 7* = 100 : C\ so A T ^ 500 K. 

Execute: Q-kA±L and 150 J''s - (50.2 W/m • K )A' [ j Thixgive* .I-4.9S*I0 ‘ m\ and 

D - v4.l .t = ^4(4.9S*I0 J m : )'x ^8.0*10 : m^X.Ocm. 

EVALUATE: // inrreascs when A increases. 

17.73. iDLMIFY: Assunx: the temperatures of the surf&rcs of the window are the outside and inside temperatures. Use 
the concept of thermal resistance. For part <bl use the fact that w hen insulating materials arc in layers, the R values 
arc additive. 

SET UP: From Table 17.5. k = 0.H W.'m • K for glass. R - Llk. 

EXECUTE: (a) Far die glass. Jf. — ----— 6,50.10 ‘ m'-KAV. 

e 0.8 W.'m -K 

,, «r„-r, > <1 10 in)2 51) mu39 5 Kl , |>|0 

H 6.50x10 ’ m -K/W 

<b> For the juptr, - -— — ''' -ill 0.015 m 1 • KW. The K.al K a R - iV_ -0.0215 m : -K-W. 

if ,fm> . ^ =6,4.1 O' W. 

Jf 0.0215m -lew 

EVALUATE: The layer of paper decreases the rate of heat loss by a fa^orof about 3. 

17.74. IDIXIIFY: Hie rate of energy radiated per umt area is — - efrT 4 . 

A 

SET Up: A blackbody has e = 1. 

j i 

Execute: (u> -l-(l)fS.67«IO * w/m* K'M273 K)‘ -315 W/m 1 
A 

<b» — = (1KS.67«I0' 1 W/m 1 K')(2730K)* = 3.15x10* \VW 
A 

EVALUATE: WTien the Kelvin temperature increases by a factor of 10 the rate of energy radiation increases by a 
factor of 10 4 . 

17.75. IDENTIFY: Use Eq.M 7.26Mo calculate //„. 

SET Up: // t- = AcoiT* - 7?> <Uq.< 17.26); fmust be in kclvins) 

Usample 17.16 gives A = 1.2 m 3 , r = l.0. and T - 30’C -303 K (body surface temperature) 

T m = 5.0°C - 278 K 

EXECUTE: // fci = 573.5 W - 406.4 W ^ 167 W 

Evaluate: Note that this is larger than //^ ealculatcd in Kxamplc 17.16. The lower temperature of the 
surroundings increases the rate of heat loss by radiation. 

17.76. Identify: The net heat current is // - AccriT* — r*|. A power input equal to // is required to maintain constant 
temperature of the sphere. 

SETUP: The surface area of a sphere is 4x r 1 . 

Execute: // -4.r<00150m> : (0.35X5.67xl0 • W.'m’ K 4 X(3000 K|* -[290 K I 4 ) -4.54x10* W 
Evaluate: Since 3000 K > 290 K and // is proportional to T *. the rate of emission of heat energy is much 
greater than th: rate of absorption of heat energy from the surroundings. 
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17.77. iDEYim: Use ELq.l 17.261 to calculate A. 

SET UP: // - AeoT* to A = HftaT 4 

150-W and all electrical energy consumed it radiated ays H » 150 W 

i <;o vy 

Execute: A --; 2.1x10* m’(lxl0* cm 5 .'l m : ) = 2.I cm* 

(035X5.67x10 * WAn 2 -K 4 X24S0 K) 

EVALUATE: Light bulb filaments are often in the shape ot*a tightly wound coil to increase the surface area: larger 
A means a larger radiated power //. 

17.78. Identity: Apply H -AeaT* and calculated. 

SET UP: For a sphere of radius A - 4.t R 1 . a - 5.67 x 10** W/m* • K*. The radius of th: earth is 

- 6.38 x 10'm. th: radius of the sun is - 6.% x 10* m. and the distance between the earth and the sun is 
r = 150x10" m. 

TFUtF) 


EXECUTE: The radius is found trom R - I- 

4.7 


<2.7x10*- W> 1 

* ' " V4^(5.67x10 ' W'm* K 4 Ml1.0CI0 K r 


// 1 

4 * H 4 ^ 77 * 
1.61 x 10" m 


(H) ft. - 


(2.10x 10‘" W) 


r- 5.43 x!0‘ m 


4.715.67 x10 * W in* K 4 ) (10,000 Kl 

Evaluate: (cl The radius of Procvon II is comfurablc to that of the earth, and the radiut of Rigcl is comparable to 
the earth-sun distanre. 

17.79. IDEMITY and SET UP: Use th: temperature ditTcrence in M° and in C= between the melting and boiling points of 
mercury to relate M° to C=. Also adjust for the different zero points on the two scales to get an cquition for 7\, in 
terms of T c . 

(a) Execute: normal melting point of mercury -39°C = 0.0°M 
normal boiling point of mercury: 357 : C - 100.0= M 
100.0°M = 396 C= so I M° = 3.96 C 5 

Zero on the M scale is -39 on the C scale, so to obtain T t multiply r vl by 3.96 and then subtract 39*: 

T c -3.967^-39* 

Solving for T u gives T u = -!-<?; *39*) 

The normal boiling point of water is I00°C; T„ = ^<100*+ 39=) = 35.I°M 
<h> 10.0 M° = 39.6 C° 

EVALUATE: A M° is larger than a C= since it takes fewer of them to express th: dilVcreixe between the boiling 
and melting points for mercury. 

17.80. Idem itY: Apply AL - L,aAT to the radius of the hoop. The thackncss of the space equals th: irxreasc in radius 
of the hoop. 

SET Up: The earth has radius R % - 6.38x10* m and this is the initial radius R, of the hoop. For steel. 

0 - 1 - 2 x 10 '’ K 1 K = lC. 

Execute: The increase in th: radius of the h»op w ould be 

AR = Ra&T = 1638 xlff mXl.2»IO ' K 'WO.S K) = Mm. 


EVALUATE: Even though AR is large, tlie fractional change in radius. A R'R t . is very small. 

17.81. IDIAIITY: The volun*: increases by AK - l^f and the nuss is constant, p-i m'F. 

SET UP: Copper has density p tt - 8.9x |0‘ kp'm* and coefficient of volume expansion // - 5.1 x 10 1 (C°> The 
tube is initially at temperature has sades of length L r volume V %% density p^ and coctVieient of volum: 
expansion p. 

EXECUTE: (u) When the temfvraiure increase to T t ♦ AT. the volume changes hv an amount AK. where 

Ay = ffVAT. Then, p -——. or eliminating AF, p - -. Divide the top and bottom by F and 

F 0 + AF * ' V^py\AT 1 7 0 

substitute p - m»'K. Thm p - -— - r . This can be rewritten as p = pi I + flAT | Thm using the expression 

I + PAT 

(1 * x J 1 * * 1 + iw, where n = -I p = p 4 (l -f&T). This is accurate when fiAT is wnall. which is the case if 

AT <* Ufl. 1 ip is on the order of 10* C° and AT is typically about 10 : C* or ks*. so this approxinxition is accurate. 




17.82. 


17.83. 


17.84. 


17.85. 
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(l»> The copper cube ha* tides of length 1.25 cm - 0.0125 m and AT - 70.CFC - 20.0 : C - 500 C°. 

AV* fly^T *(5.1 xIO’ 4 (C*) ')(0.0125m) l (S0.0C = 1=5xI0'm 4 . Similarly. 

/>-(8.9xl0 1 kg’m 4 |l-(5.lxlO 1 (CVX5O0C°»-8877x10* kgm\ Thar foe:, Ap*-23kafmf. 

EVALUATE: When the temperature increases, the volume decreases and the dmuty increases. 

IDENTIFY: v = - yjFL'nt . For the fundanxntal A-1L and f * 4 - l^ 1 —-. F y i and X change when T 

changes because L changes. AX. - LaAT, where L is the original length. 

Set Up: For copper, a -1.7 x | o * (C°) ‘. 

EXECUTE: (UF We can use differentials to find the frequency change because all length clunges are small parents. 

Af * — AL (only /. changes due to heating). Af - ~(F:mL > 1 : (F/mU-VI‘ XA/. — -li 1 l-L. i— - i. 
dL \ jmL ) L L 

Af =-MaAT)f = -1(1.7x10 4 (C 5 ) *)(40C°X440 lfa) = -0.15 llz. The frequency decreases since th: length 


increases 


|h, <C*)-X40C”)■ 3.4»IQ - *■ 0 

V JFLfm 


534%. 


CL 




(«ll A - 2L so A^ = 2= = 


U 


xaAT 1—1 - (1.7 x 10 (C°) '840 C c ) - 6.8 x 10 4 - 0.068% 


A increases. 

Evaluate: The wave speed and wavelength increase when the length increases and the frequency decreases. 
The percentage change xn the frequency is -0.034%. The fractional change in all these quantities is very small. 
IDENTIFY and SET L'P: Use I:q.( 17.8) for the volume expansion of the oil and of the cup. Both the volume of the 
cup and the volume of tlx olive oil increase when the temperature increases, but fl is larger for the oil so it 
expands more. When the oil starts to overflow, AF' 4 * A 1^.. + (1.00x 10 m|.L where A rs the crews sectional 
area of the cup. 

Execute: AV* = V^p^AT = (9.9 cm)Ap a AT 
= y^p^AT = (10.0 cmtA/^r 
(9.9 cm|A/7. 4 Ar -<10.0 cm|A/7 tl— AT r <1.00x10 1 m U 
The A divides out. Solving for AT gives AT - 15.5 
r ? =7;-f Ar=37.5°c 

EVALUATE: If the expansion of the cup is neglected, the olive oil will have expanded to fill the cup when 
<0.100 cmM ^<9.9 cmtffi+pT. so AT = I5.0C° and 37.CTC. Our result k slightly higher thin this. The cup 
ilw expands but not very much sancc fl i4 . 

dV:dT 

Identify : Volume expansion dY - liV dT. p -- 


SET Up: dVdT is the sk»pc of the graph of V versus T the graph given in Figure 17.12 in the textbook. 

Execute: R Sl> 1 1 >t “ i “ Canstnacl th: tangent to the graph at 2°C axl 8°C and measure tlx slope of this line. 


At 22X: Slope * - 


V 

5.10cm 


1 t 


and 1(0) cm 4 . fi*~ ' * * >-3x10 * (C 3 ) '. The slope in negative, as the 


0U0 cm 


water contracts or it k heated. At 8°C: slope - ! Ll and V » 1000 cm . fi * “ " * %A ‘ * ( »6x 10 ' <CV. 

4C* ' 1000 cm 

The water now expands when heated. 

Evaluate: fl > 0 when the matcnal expands when heated and // < 0 when the material contracts when it is 
heated. The minimum volume is at about 4°C and fi has opposite signs above and below this temperature. 

I DEN I1FY: Use Eq.( 17.6) to find the change in diameter of the sphere and the change in length of the cable. Set 
tlx sum of these two increases in length equal to 2.00 mm 


SETUP: o, - 2.0x10 1 K 1 and . - 1.2x10 ' K . 


Execute: aL -la... ta. ./....lAr. 

2.00.10 ‘ m 

2.0.10' K 1 )(0JS0 ml *(1.2 > 10 1 K M10.5 m) 

Evaluate: The chance in diameter of the brass sphere is 0.10 mm. This as small, but should not be neglected. 


AT - 


-15.0 C°. T = T. + AT - 35.0°C. 
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7. 


7>7 


7. 


7. 


IDENTIFY: Conservation of energy says +Q -0, where O and g are the heal changes for the ethanol and 
cylinder. To find the volume of ethanol that overflows calculate W for th: ethanol and foe the cyl index. 

SlllP: For ethanol, r. >2428 J. kg K and /i. ^75-10 ‘ K 

EXECUTE? (■> =0 give* m.cjr, -|-l0.0 D C]»r O i > c (7; -20.0°C|» = 0. 

_ <20.0°C|m,e -fiaO'Cter, (2O.O“CKO.IIOk«)l84OJ.lgK|-nO.(0 , CMO.OB73kitX2428 Jlg-K) 


c •* 


(0.0S73 kgX242S I ke K). (0 110 k«M840 J ke KI 


-271.6'C 


-0.892°C. 


(75x10 ' K ')(I08 cm'l(-O.S92“C-l-IOO a CD = -tO.738 cm*. 


304.4 

0*> *K -MA7 

A»; -/ly.AT -(1.2-10 ' K 'KiaSem'X-0.S92 o C-20.0 a C)--0.027lcm\ Thevohimcthatoverflow*i* 

0.738 cm' -<-0.0271 cm'|-0.76S cm'. 

EVALUATE: The cylinder cools so its volume decrease*. The elhanal warm*, so its volume increase*. The sum of 
the magnitude* of the two vohimc changes give* the volume that overflows. 

IDENTIFY and SET L’P: Call th: metals A and B. Use th: data given to calculate a for each metal. 

Execute: ax. - x,/t\T so a - ax.* i t,Ari 

metal A: a. 1)0650 ^ * 2.,67x10 * <C> ' 


metal B a - 


LAT 
A L 


(30.0 cm) HXI C'l 
0.0350 cm 


167x10 1 (C*> 


' L v \T (30.0 cmH 100 C^) 

Evaluate: X,, and AT are the sans:. *o the rod that expand* the most has the larger a. 

Idln TOY and S»:r L*P: Now consider the composite rod (Figure 17.87). Apply Eq.< 17.6). The target variables arc 
L a and the lengths of the metal* A and 8 in the composite rod. 


*>. 0 c«n / 




AT-100 C 5 
A/.-0.058 cm 


figure 17.87 

Execute: AX * 61 A ♦ &L M = (a A L 4 + AT 
AX. AT » a A L A ♦ <**<0.300 m - L g ) 

, AX<AT -(0.300 miff. (0.058xl0 J m 100C®)-(0.300 mXI.I67xl0~*(C B ) *) 


i.ooxio' {c^r 

7.0 cm 

The expansion of the composite rod i* similar to that of nxl A % *o the composts nxl i* mostly 


a A~ a * 

L = 30.0 cm - L - 30.0 cm - 23.0 m 


EVALUATE: 
metal A. 

IDENTIFY: Apply AF' - \\fl\T to the gasoline and to the volume of the tank. 

SET UP: For aluminum. >7-7.2x10 5 K 1 L = 10 1 m\ 

Execute: (u) The lust volume. 2.6 L. is th: ditTcrencc between the expanded volume of the fuel and the tank*, 
ind the maximum temperature difference is 

AK (2.6x!0 i m l ) 




f/L, - Pm % (9.5x10 4 (Cn‘-7.2x|0‘ (C : | Ml060xl0 * m*> 


- 2M 


The maximum temperature wa* 32 9 C. 

(b) No fuel can spill if the tanks arc filled just before takeoff. 

EVALUATE: Both the volume of the gasoline and the caparity of the tank* increased w hen T increased. But fi is 
larger for gasoline than for aluminum so the volume of the ga*oline xnerea*ed more. When the tanks have returned 
to 4.0 : t* on Sundiv morning there is 2.6 1. of air space in the tanks. 

IDENTIFY: The change in length due to heating is AX. x - L % <t\T and thr* need rxit equal A/.. The change xn 

length due to the tension is A L, - Set AX - AX., 

/I) 


“ 7 - 

15x10'(CV. ^ 20x10" Pa. 


SKI Up: - 2.0x10'’ (C V- a„ 

EXKCL'TF; (a) The change in length 11 due to the tension aixl beating . - -J— » oST. Solving foe F. A. 

L. Al 
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<1>) The brass bar is given as "heavy* and the wires are given as ’Tine," so it may be assumed that the stress in the 
bar due to the fine wires does not affect th: anxiunt by which the tur expands due to the temperature increase. This 
means that AX. is not /en>, but is the amount a ymt L^AT that the bras expands, and so 

— " -a^ilAT«(20x 10" PaX2.0-10 ' (C) 1 -l.2«10‘' (C 5 ) ‘HI20C i ) = l.92»l0' Pi 

A 

Evaluate: The Vmgth of the brass bar increases more thin the length of the steel wires. The wires remain taut 
and are under tension when the temperature of the system is raised above lO^C. 

17.90. I DEM in: Apply the equation derived in part la) of Problem 17.89 to the steel and aluminum sections Th: sum 
of the AX. v alues of the two sections must be zero. 

Strip: For *leeL i = 20.10" Pa and a = 1.2* 10 ' (CV- For aluminum, > = 7 0.10" Pa ami 
« = 2.4*10 '(CV. 

EXECUTE: In denvini! Iiq.( 17.12). it was assumed that AX. - 0; if this is not the case when tlxrc are both thermal 


and tensile stresses. Eq. < 17.12) becomes A L - L ,^ aAT + — j. (See Ptobtan I7.S9.) For the situation in this 
problem, there are two length changes which must sum to zero, and so Kq.(l7.12) may be extended to two 
materials a and b in the form / n - j a M AT * -i— | - X ,, a % AT * -i— | - 0. Note that in the above, AT, /* and .f are 

F a L + ci L 

tlic same for the two rods. Solving for th: stress FA, --:—:- AT. 

L - "-- 10 '<VK0.-5P 4 •H0250n, _ ., , , 10 . Pj 

A ((0.350 m/20* Iff" Pa)»(0.250 m/7* 10" Pa)) 

EVALUATE: Ff A is negative and the stress is compressive. If the steel rod was considered alone and its length 
was held fixed, the stress would be -F^rr^A T - -1.4 * 10* Pa. For the aluminum rod alone the stress would be 
-f a AT - -l.Ox 10* Pa. The stress for the confined rod is the average of these two values. 

17.91. (a) IDENTIFY and SET UP: The diameter of the ring un&rgoes linear expansion (increases with T) just like a 
solid sieel disk of the same diameter as the hole in the nng. Heat the ring to make its diameter equal to 2.5020 in. 

Execute: ax. - «/. ,\7* so at - — - mi ' i:i -66.7 c* 

1,0 (2.5000 «n.KI 2xl0‘ (C 5 ) ') 

7* - F, -t AT - 20XTC + 66.7 C* ^ 87°C 

(b) IDENTIFY and SET Up: Apply the linear expansion equation to the diameter of the brass shaft and to the 
diameter of the hole in th: steel ring. 

Execute: 

Want 7^ (steel) - X* (brass) for the same AT for both imperials: /.*(! -f a^AT) - 1^(1 + a t £T \ so 
L u + ^a^T^l,,+L, 0 AT 

^-r i,,-*,. 2.5020 in.-2.5000 «n. 

” L^-1,,0, ~ (2.5000 in.j|l.2* 10 ‘(C) ‘>-(2.5050 ln.»2.0-10 (C°) ') 

a r---- c c =-iooc' 

3.00*10' 1 -5.00*10 
T = r t * A> = 20.0'C -100 C = -SO’C 

EVALUATE: Both diameters decrease when the temperature rs lowered but the diameter of the brass shaft 
decreases more since a % >a t ; [AZ,.| - |AXJ -0.0020 in. 

17.92. iDEVnn: Follow the derivation of liq.l 17.12). 

SET UP: For steel, the bulk modulus is & - 1.6x10“ Pa and the volume expansion cccffaricnt is 
>5 = 3.0-10 ' K '. 

EXECUTE: (u) The change in volunx due to the temperature increase is fiVAT, and the change in volume due to 

y » iVi 

the pressure increase is --^Aj). Setting the net change equal to zero. flVAT = f-y, or A{> - BpAV. 

(b) From the ahovi. A#»=(lfi*l0‘ PaK3.0.10 ' K ')(I5.0 Kl = S.6» I0 ; Pa 

Evaluate: Ap xn part (b) is about 850 atm. A snxili temperature increase corresponds to a very large pcesjsurc 


increase 
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17.93. 


17.94. 


17.95. 


17 .%. 


IDENTIFY: Apply Kq.(l1.14) lo the volume increase of* the liquid du: to the pressure decrease. Kq.(17.S) gives 
tlic volume dxrease of the cylinder and liquid when tlxy an: c«dcd. Can think of tlie hquxl expanding when the 
pressure is reduced and then contracting to the new volume of the cylinder when the temperature is reduced. 

SET UP: Let //, and /J, ( be the coefficients of volunx expansion for the liquid and for the nxtal. Let A7* be the 
(negativeI change in temperature when the system is cooled to the new temperature. 

Execute: Uhangem volumcofcvlindcrwlxncool- Al'„ - fi^y^AT (negative) 

Change in v olume of liquid when cool: AU, - /fy^T I negative ! 

The difference Al* - Af' # must be equal to the negative volume change due to the increase in pressure, which is 
-ApVJB - -kApV^ Thus AV X - Af* -*Ap>o- 
kAp 




A - A. 


(8.50*10-“ Pa , )(50.0almKI.0l3*l0’Pa/l aim) 

AT — ■ ■ — -9.S C 

4.80x10 K -3.*X)xlO * K 

T - T, -t AT - 30.0°C - 9.H C* ^ 20.2°C. 

Ev aluate: A modest temperature change produces the same volume change as a large change in pressure; 
&*/J for the liquid. 

IDENTITY: Q % - 0. Assume that the normal melting point of iron is abov e 745°C. so the iron initially is solid. 
SETUP: For water, r - 4190 J.'kg K and £. -2256-10' J.'kg. For solid iron r = 470 J.'kg K. 

Execute: The heat released when (he Iron dug cool* lo 100'C « 

Q-mcAT = (0.1000 kgK470JkgK)<645K| = 3.03*10' J. The heal absorbed when Ihe temperature ol the water 
I* raised lo I00°CB O- m.AT - (0.0750 kg|<4l90 J.kg K 1(80.0 K>= 2.51*10' J. This 1*lea than the heal 
relented from Ihe Iron and 3.03-10' J - 2.51 x 10* J - 5.20-10' J of heal is available frw convening Mime of Ihe 

IiciuhI water al 100'C lo vapor. The mast m of water lhal bolls « m ----230- II) ' ku - 2.3 g 

^ 2256 -10-J kg - 6 

(a) The final tempernlure is 100'C. 

(I>) There is 75.0 g - 2.3 g - 72.7 g of liquid water remaining, so the final mass of the iron a rx\ remaining water is 
172.7 g. 

Evaluate: If we ignore the phase change of the water and write 

- 745^1 r - 200°C) - 0. vvlien we solve for 7* we will get a value larger than 100°C. Tliat 

result is unphysical and tells us that some of the water changes phase. 

(a) IDENTIFY: Calculate KtQ. We don’t know the mass m of the spacecraft, but it divides out of the ratio. 

Set Up: The kinetic energy is A' - imf. The heat required to raise its temperature by 600 C* (but not to melt it) 
is O - me AT. 


Execute: 


K -i«iv 

Inc ratio is-- 


(7700 m si 


- 54.: 


Q me AT 2cA T 2(910 J.'kg K H 600 C7 7 ) 

(b) Evaluate: The brat generated when friction work (due to friction force exerted by the air) removes the 
kinetic energy of the spacecraft during reentry is very large, and could melt the spacecraft. Manned space vehicles 
must have heat shields made of very high melting temperature materials, and reentry must he made slowly. 
iDKVniY: The rate at w hich thermal energy is being generated equals the rate at which the net torque due to the 
rope is doing work. The energy input associated with a temperature change is O - me AT. 

SET Up: The rate at which work is bring done is P - nu. For iron, c - 471) J.’kg K. 1 C* - 1 K 

EXECUTE: (a) The net torque that the rope exerts on the capstan, and lienee the net torqix that the capstan exerts 

cm the rope, is the datTcrcncc between the forces of the ends of the rope tinx* the radius of the capstan. The capstan 


is doing work on the rope at a rate P - zro - F r 


2 .T r ad 


(520 N)( 50* I O' 1 m | 


2 .? rad 


182 \\\ or I ROW to 


r '(0.90 s) 

two figures. A larger number of turns might iixrcase the force, but for given forces, the lorquc is independent of 
the number of turns. 

(182 W) 


( me me 


- 0.064 C°/s. 


(6.00 kgX470 J.kg M 

EVALUATE: The rate of temperature rise is proportional to the difference in tension between the ends of the rope 
and to the rate at which the capstan is rotating. 
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IDENTIFY and St:r Up: To calculate Q, use Fq.(17.1 H i in the form - irCrfT and integrate using C(T) given 
in the problem. C m is obtained from I:q.| 17.19) using the finite temperature range instead of an infinitesimal dT. 
EXECUTE: (a) dQ - medT 

Q-n\[ c.iT-rj' jjrVeVr-iBfc'e'iJ' r‘</r-r*|) 

40OK>>- ( ,00K»», J 

WC 


83.6 I 


-I.K6 J itkiI K 


7. 


17.99. 


A/ 1 .50 moll 40.U K - 10.0 K 
(c> C-Alf.'©) 1 = <1940 J/mol K 1(40.0 K/28I K>‘ =5.60 J/mol-K 

EVALUATE: C is increasing with T. so f’at the upper end of the temperature integral is larger than its average 
value over the interval. 

IDENTIFY: For a temperature change. Q - mc&T, and for the liquid -> solid phase change. Q--mL t . 

SET UP: The volume \\ of the water determines its mass m „ - pj\. For water. p n - 1000 kg m\ 
c = 4190 J.kg K and L, - 334 x 10* J'kg. 

EXECUTE: Set the heat energy that flow's into the water equal to the final gravitational potential energy. 
L i p m V m + c s p^\\&T - Solving for k. and inserting numbers: 

(MICC kg,'m 1 XI.9 x 0.8-0.1 ra‘|[j34.10' J/kg .-(4190 J,'kg KIOTO 1 )} 

(70 kgK9 K ntf* 5 ) 

*- 1 . 08 x 10 'm - 108 km 

Evaluate: The brat associated with temperature and phase changes corresponds to a large amount of 
mechanical energy. 

IDENTIFY: Apply O = akAT to the air in the rwim. 

SET Ip: The im« If an in the room It m-f*'- (1.20 kg m‘ *3200 m' I - 3840 kg. I W - I J*. 

EXECUTE: (a) O -(3000 *)(90 slu.lfnt>|(MI0 If* audent) = 2.70.10’ I. 


lb) Q-mAT. AT - — 


2.70-10’ J 


me 13810 kg ll 1020 J kg Ki 


u* *i 

(c> A7* - (6.89 C°)l --! - 19.3 C*. 


5.89 C 


too w; 

EVALUATE: In th: absence of a cooling mechanism for the air. the air temperature w ould rise signifarantly. 

17.10). Identify: dQ = nCdT so for the tenycraturc change T x -♦ 7 r Q - /jJ C< T\<IT. 

Set Up: j dT = r and J TJT = 4 T*. Express T and T, in kelvins: T { = 300 K. T x - 500 K 
EXECUTE: Denoting Cby C - a-t hT. a and h independent of temperature, integration gives 

(P-»| a (r,-j;),i(7?-7;')). 

Q - (3.00 molX29.5 J/mol K)(S00 K -301 K)-f (410* 10 ‘ J/mol* K‘X< 500 K) 2 -(300 K) 1 )). 

£ = 1.97x10* J. 

EVALUATE: If C' is assumed to have the constant value 29.5 J mol • K. then Q- 1.77x10* J for this temperature 
change. At 7; =300 K, C - 32.0 J mol K and at T, = 500 K. C = 33.6 Jtatol- K. The avenge value of C is 
32.8 J/mM K. If C is assumed to be con&ant and to have this average value, then O = 2.02 x 10 4 J. which is w ithin 
3% of the correct value. 

17.101. Idf vufy : Use O - mL t to find the h:at that goes into the ice to melt it. This amount of heat must be conducted 
through the walls of the box: O- fit. Assume the surfaces of the styrofoam have temperatures of 5.00°C and 21.0 ®C. 
Ski Up: For water X, - 334-10* J. kg. Tex Styrofoam X- <0.01 W.m K. One week it 6.048 xl0‘ *. The lurbcc 
arcu of the box i* 4(0.500 mHO KCO m>- 2(0.500 m)' * 2.10 m ; . 

Execute: Q-mL, -(25.0kg)(334x!0‘ J/kg) = 8.016x10* I. II -tl — — Q-Ht give* 

L -7; I (6.018x10' *HQ.0l W m KH2 l0m i M2l.0°C-5.00‘<~) 1 s m 

Q 8.016-Iff J 
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Evaluate: Wc have assumed that tlic IxjukI water that is produced by melting the icc remains in thermal 
equilibrium with the iec so has a temperature of 0 : C. The interior of the box and the iee are not in thermil 
equilibrium, since they have ditYcrent temperatures. 

17.102. iDfXTIFV: For a temperature change O - me A 7*. For the vapor -> liquid phase transition. Q - . 

Ski Up: For water. c = 4I90 J’kg-K and L, -2256.10' I kg. 

EXECUTE: The requirement that the h:at supplied in eaeh case is the same gives ), 

where AT, -42.0 K and AT] =65.0 K. The ratio of the masses is 
c A T (4190 J.*g-KX42.0K» 






- I).069h. 


m. c m XT k + L, (4190 j/kg KX65.0K>r 2256x10* JAg 
so 0.0696 kg of steam supples the same heat as 1.00 kg of water. 

EVALUATE: Note the heat capacity of water is used to find th: heat lost by the condensed steam, since the phase 
transition produces liquid water at an initial temperature of 100°C. 

17.103. (a) IDENTIFY and SET Ilf: Assume that all the ke melts and that all the steam condenses. If we calculate a final 
temperature T that is outside the range 0*C to lOO’C then we know that this assumption is inrorTcct. Calculate Q 
for each piece of the system and then set the total - 0 . 

EXECUTE: copper can {changes temperature form 0.0° to 7 no phase change) 

- mcAF - (0.446 kgX390J,'kg-KM r-0.0*0 = <173.9 J:K)T 
ice imclting phase change and then the water pnxiueed warms to T) 

Q t +mcJST -(0.0950 kgX334x I0*3kg)+(0.0950 kg |<4190 J kg K X T - 0.0°C) 

Q„ »3.l73xl0 4 J* (398.0 J/K)r. 

steam i condenses to liquid and then water pnxiueed cools to T) 

+«cAr = -<0.0350 kgX2256x|0‘ Ikg) ♦ <0.0350 kg>(4190 J kg K X T - 100O°C) 

Q._. --7.S96.I0' J » (146.6 JK)7 —1.466.10' J - -9.362.10' J + (146.6JK)7 
G,— = 0 implies (?... r ft. f Q_.. = 0 . 

(173.9 J Kir » 3.173 -10' J - (39S.OJ,K)7-9.362 «I0‘ J-t 1146.6 IK 17 - 0 
(7IS.5JK17-6.IS9.10* J 
6.IS9.10' 1 


l 


71S.5 J.'K 

EVALUATE: This is between 0°C and IO0°C so our assumptions about the phase changes bring cmiplctc were 
correct. 

(b) No icc. no steam 0.0950 kg -t 0.0350 kg = 0.130 kg of liquid water 

17.104. iDt.Yim: The final amount of icc is less thin the initial mass of water, so water remains aixl the final temperature 
is (FCT. The ice added warms to 0*C and heat conxs out of water to convert it to icc. Conservation of energy says 
Q, ♦ (?* = 0 . where Q and O, an* the heat flows for the ice that is added and for the water that freeze*. 

SET UP: Let m, be the mass of icc that is added aixl m f is the mass of water that freezes. The mass of icc 
increases by 0.328 kg. so nr + m A = 0.32S kg. For w ater. - 334 x I O'* J kg and for ice c =2100 J.'kg • K. Heat 
conxrs out of the water when it freezes, so O, = 

Execute: Q+Q -0 gives jnc.(IS.O €*) + (-!*, £.1=0. m = 0.328 kg -/r?. so 




(0.328 kgt(334xl0‘ J kg l 
12IX J.'kg KXI5.0 K)* 334x10 J ig 


- 0.3X kg. 


0.300 kg of kc was added. 

Evaluate: The mass of water that froze w hen the icc at -15.0*0 w as added was 
0.778 kg - 0.450 kg-0.300 kg - 0.028 kg. 

17.105. IDLVIILY and SET UP: I leal comes out of the steam when it changes phase and heat goes into the water and 
causes its temperature to rise. - 0. First determine what phases are present after the system has come to a 

uniform final temperature. 

(a) Execute: I leal that must be removed from steam if all of it ccmdcnscs is 
= -<0.0400 kgW’256-I0‘ J.'kg) = -9.02x 1C* J 
Heal aiuoibcil by the walcr If l bean, all lb: way lo Ibc boiling poinl of I00°C: 

Q = m. A7 = (0.200 kg 1(4190 Jkg • K 1(50.0 C 1 ) = 4.19* 10' J 

EVALUATE: The water can’t absorb enough heat for all the steam to condense. Steam is left and th: final 
temperature then must be I00°C. 
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<b) Execute: Man of steam that condenses is m- QL. = 4.19x10* J.v2256xI0' J.'kg -0.0186 kg 
Thus there is 0.0400 kg -0.0186 kg - 0.0214 kg of steam left. The amount of liquid water is 
0.01 K6 kg + 0.200 kg = 0.219 kg. 

17.106. iDEvntY: = 0. 

SET UP: The miss of the system increase* by 0.525 kg - 0.490 kg - 0.035 kg. so the mass of the steam that 
condensed is 0.035 kg. 

Evaluate: The brat lost by the steam as it condenses and cools is 

(0.035 kg)/- t (0.035 KgK4l90 J/kg KM29.0 K). and the heat gained by the original water and calorimeter 
is«0.150 kg 1(420 J/kg-K) +(0.340 kgM4190 J/kg K))(56.0K) = 833x|0 4 J. Setting the beat lost equal to the 
heat gained and solving for t gives 2.26 x ICf* J/kg. or 2.3 xlO* J/kg to two figures (the mass of steam 
condensed is known to only two figures). 

EVALUATE: - 0 means the magnitud: of the beat that flows out of the 0.035 kg of steam as it condenses 

and cools equals the h:at that flows into the calorimeter and 0.340 kg of water as their temperature increases. To 
the accuracy of the calculation, our result agrees with the value of L, given in Table 17.4. 

17.107. IDIMIFY: Heat {J, comes out of the lead when it solidifies and the solxl lead cools to T t . If mass ni t of steam is 
produced, the final temperature is T t - 100°C and the heat that goes into the water is 

Q m =m m C^(2S.0C*)+m t L w i where -0.5(X10kg. Conservation of energy says Q x +Q 0 =0- Solve for m. 


The mass that remains is 1.250 kg -f 0.50)0 kg - m.. 

SET Up: For lead. L u - 24.5 x 10* J/kg. c, -130 J kg K and the nocmal melting point of lead is 327 3°C. For 
water. c 0 =4190 J,leg * K and L „ =2256x10* J/kg. 

Execute: Q-.0. =0. ^,(42U(?).. A (25.0C“)+«.=tt 

„ "A, —if,(+227.3 CV <25.0 0 

«<I-2S0 kgK24.5xl0‘ Jkg) + (l.250 kgXl30 Jkg-KH227.? K)-(0.5000 kgH4190 J.'kg KM2S.0 K) 

‘ 2256x11)' J.'kg 

w.--- 0.tX)67 kn. The mass of water and lead that remains is 1.743 ku. 

2256-10 Mg 

Evaluate: The magnitude of heat that comes out of the lead w hen it g<xs from liquid at 327.3°C to solid at 
lOOOG « 6.76x 10 4 J. The heat that goes into the water to warm it to I00°C is 5.24x 10* J. The additional heat 
that goes into the water. 6.76 x 10* J -5.24 x 10* J - 1.52x10 4 J converts 0.0067 kg of water at 100*0 to steam. 
A7* 

1 7.108. I DEV HFY: Apply // - and ssolve for k. 

SET UP: //equals the power input required to miintain a constant interior temperature 

Execute: *-//—-( 180 W> ral _s.oxio» w/m-K. 

A&T (2.IK m* 1(65.0 K) 

EVALUATE: Our result is consistent with the values fee insulating solids in Table 17.5. 

17.109. IDI-VIUY: Apply II -tA~. 

SET UP: For the glass use /. - 12.45 ein. to acecnint for the thermal resistance of the air films on eithrr side of 
the glass. 

2S.OC 3 

1 


w 

Execute: <u> II ,(0.120 J/inoLK) (200x0.95 m‘)( 2 '"' j 

' •,5.0x10- 1.8-10- mj 


95.9 W. 


(hi The heat flow through the wood part of the daor is reduced In- a factor of 1 — 


becomes 81.5 W. The heat flow through the glass is // - (0.80 J mol KX0.50 m) 


l050>: -0. 
(2.00 x 0.95) 

28.0 C 


12.45x10 * m 


45.0 W, 


and so the ratio is 8 1 - 5 ** 5 - 0 . -1.35. 

93.9 

Evaluate: The single-pine window' pnxluces a significant increase in heat loss through the d^iw. (See 
Problem 17.111). 
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17.110. Identify: Apply Eq.< 17.23). 

! !R HR 

Si:r UP: Let A7] --- he the temperature datTcrcncc across the wood and let AT - -- be tb: temperature 

A A 

difference across the insulation. The temperature difference across the combination is AT - AT { +-A T y Tb: 

cflcctivc thermal resislaiKC R of the combination is defined by AT - - 

A 

h a 

EXECUTE: AT - AT, ♦ AT gives — <R, + R.) - — R. and R - R x + R 2 . 

A A 

Evaluate: A good insulator has a large value of/?. R fee tb: combination u lirger than the R foe any one of the 
layers. 

17.111. IDEVI1FY and SET Up: Use If written in term* of the thermal resistance R: 7/ - AAT.R. where R - Lk and 
R = R x -f Ri + — (additive). 

Execute: single pane R-R A + R. where R ia - 0.15 m : K W is the combined thermal resistance of tb: 
air films on the room and outdoor surfaret of the window. 

4 taa =I/i-(4.2xlO' k mKO.80 W.'m-K)-0.00525 m’-K/W 
Thui ff. - 0.00525 m J K / \V ,. 15 m' K/ W - 01S53 m ; • KI W. 

douhV: pane i? u = 2 R tiAAA t R st + /? u# . where R m is the thermal resistance of the air space between the pines. 

- Vk - (7.0-10 1 m|'(0.024 W/m K) -0.2917 m’-K/W 
Thui R t = 2(0.00525 m 1 • K / W» - 02917 m‘ K ! W+0.15 m' K / W = 0.4522 m : • KW 
//. = AMIR,, II, - AMR,, *> HJHj = R,!R, (ance A and AT arc um. for bolh) 

IIJIIj - (0.4522 m- K.'\V|(O.I553 m f K/W) = 2.9 

EVALUATE: The brat loss is about a factor of 3 less for the dauble pine w indow. The increase in R for a double 
pane is due mostly to tbc thermal resistance of the air space between the panes. 

17.112. Identify: If - .to each rod. Conservation of energy requires that the heat current through the copper 
equals the sum of tbc heat currents through the brass and the steel. 

SET UP: Denote the quantities for copper, brass and steel by 1.2 and 3. respectively, and denote the temperature 
at the junction by J^. 

EXECUTE: (u) // - Jf 3 -* //,. Using Eq.( 17.21) an;! dividing by the common area gives. 

<w 


iLfimrC-rjaAr + —7',. Solving for T givw T 






|I00°C). Substitution of 


numerical values gives T - 78.4°C. 

(b) Using If - A7 for each rod. with A7; = 21.6 C*. AT ^ AT = 78.4 C° gives // ( ^ 12.8 W. 7/ % = 9.50 \V 
and //,- 3.30 XV. 


Evaluate: In part (b), //, is seen to be the sum of If , and //,. 

17.113. (a) EXECUTE: l leat must he conducted from the water to cool it to 0€ and to cause the phase transition The entire 
vohmx of water is not at tb: phase transition tcirpeniturc. just tb: upper surface tbit is in ccvitact with the xc sheet, 
(b) IDENTIFY: The heat that must leave the water in order for it to frec/e must be conducted through the layer of 
ice that has already been formed. 

Set Up: Consider a section of ice that has area A. At time / lei the thickness te /i. Consider a shod tinx interval / 
to t + dt. Let the thickness that freezes in this tinx be dh. The mass of the section that freezes in the tinx interval 
dt is dm - pdV - pA dh. The beat that must be conducted aw ay from this mass of water to freeze it is 
i dO - dmLt - (pAL, \dl\. // - dQfdt - kA(ATfh), so the beat dO conducted in tinx dt throughout the thickness h 


that is already there is dO - kA 


T..~r 
h . 


dt. Solve for dh in terms of dt and integrate to get an expression relating 


h and t 
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Execute: Equate these expression* for dO 
pALdh - kA\ ■ — ! L \dt 


dh - 


:*ir,-r,. 


V pK 

Integrate fn>m f = 0 to time / At / - 0 the thickness ft i* zero. 

(“a dh =[*(r„ - r c )p£,ij‘* 


and.,- 

pk \ pk 


The thickness after tinx t i* proportional to N f r. 

, . k*pL (0.25mH920kc m i )f334xI0 > J/ku> , „ t - 

(c> Tltc expression in part <b) gives / --— ---— - 6.0 x 10 s 

2k(T u -T c ) 2(1.6 W/m K)(0°C-(-l(rC)> 

f = 170h. 

<d) find r for ft - 40 m t i* proportional to h\ so t - (40 mO.25 m) a (6.00x 10 1 x) - 1.5 xltf 0 s. This is about 
500 years. With cnir current climate this will not happen. 

Evaluate: As the >cc slxei get* thicker, the rate of heat conduction through it decrease* Part <d) shows that it 
takes a very long time fora moderately deep lake to totally freeze. 

17.114. iDiAim: Apply Kq.< 17.22) at each end of the sheet element. In part |b! use the fact that the net heat current into 
the element provides the Q for the temperature increase, according to O- me XT. 

SET UP: drfdx is the temperature gradient. 

Execute: (u) //-(3S0 W/m KM2.50x|0 4 m*'xi40 C°/m)- 13.3 w. 

Q AT AT 

<l>> Denoting th: two end* of the element as 1 and 2. //. - me -. where- 0.250 CVs. 


u’i 


a 


B 


AT 


a 


ti—4 -a.1^—I -rrx\ - The mass m is pAAx ; so U—) -m— * ■ -I. 


& 


u’j 


ii \ 


pcAxf AT 


di 


U— - 140 C m t 


(1.00-10* k»m‘)(S20 J/ku • K)(l.00x 10 * mK0.2S0 C.'sl 


174 C ! .'m. 


3 HO W/m K 

EVALUATE: At steady-state temperature of the short element is no kingcr changing and //, - //_>. 

17.115. I DEN tin: The rate of heat condixiion through the walls is 1.25 kW. Use the cooeept of thermal resistance and 


the fact that when insulating materials are in layvrs. the R values are additive. 

SET UP: The total area of the four walls is 2(3.50 mM2.50 m) r 2(3.00 mW2.50 m) ^ 315 nr 
r.-r 
li 


• v 


* 0.060 W/m-K 

>-50x10-m 


A(Tli - r < ' - < 32 5 "™ 7J) *2-0442 m**K/W. For the wood. 
5.300m* K/W. Ice th: insulating imtcrial. R u -R-R, -0.142m* KW. 


Execute: // ^ t-- .rives R -- 

1 // 1.25x10 

L 1.80x10 * m 


; 106 W m K 


* #t * R. O.I42m* K.'W 

Evaluate: The thermal cceiductivity of the insulating material is larger than that of th: wood, the thickness of 
the insulating material is less than that of the wood, and the thermal resistance of the wood is about three times that 
of the insulating material. 

17.116. iDtVHPV: l t r; - l t r;. Apply II = AcoT' (Eq.17.25) lo the sun 
SETUP: /, -1.50x10* WVm J when r= 150-10" m. 

Execute: (u» Th: enemy flux al I he surface of the sun is 


=(1.50*10 VV'm 


1.50x10" m 
;- 10 ' in 


5.97 »10 W/m 3 . 


»Solving ItflUQ wi.h -1, 7* [~] '‘”” * 

Evaluate: The total power output of the sun is P - 4*r//. - 2.0 x 10 W. 
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17.117. iDEVnn and SET UP: Use Hq.( 17.26) to find the net beat current into the can due to radiation Use Q = Ht to find 
the heal that goes into the liquid brlium. set this equal to mL and solve tor the mass ni of b: hum that cbinges phase. 
EXECITE: Calculate tb: net rate of radiation of heat from the can. // — - Aca{T* - 7*/>. 

The surface area of the cylindrxal can is 
A -- 2jrrh ♦ 2 xr\ (See figure 17.117.) 

Figure 17.117 

A ^ 2jrrih + r) ^ 2r(0.045 mX0.250 m ♦ 0.045 m) - 0.08341 m\ 

//.„ -(0.0K34I m'HO 200X5.67x10 * WVro* • K 4 X<* 22 K)*-(77.3 K> 4 ) 

//.„ - -0.0538 W (tb: minus sign says that the net heat current is irto the can). The heat that is put mto the can by 
radiation xn one hour is Q - -<//.« V - (0.0338 W)f3600 s) - 121.7 J. This heat boils a masswi of helium arcording 

toihc cqtulicoi O - ml w ^ S.S’x 10 1 kg ^ S.S2 g. 

EVALUATE: In the expression for the net beat current into the can the temperature of the surroundings is rarsed to 
the fourth power. The rate at which the helium boils away increases by about a factor of (293/ 77) 4 - 210 if the 
walls surrounding the can arc at room temperature rather than at the temperature of the liquid nitrogen. 

17.118. iDEVnFV: The coefficient of volume expansion Ji is defined by W - l 
Sir Lp: For copper, /f-5.1 *10 K '. 

pV A V AT 1 

Execute: (u> With Ap - 0. p\V = nRAT = i—AF. or = —. and p = — 

ib)J±- -!-67. 

p m (293KX5.lxl0 K ) 

EVALUATE: The coefficient of volume expansion for air is much greater than that for copper. For a given A7*. 
gases expind much more titan solxls do. 

17.119. iDEMlfrY: For the water Q-ffn AT. 

SET Up: For water c = 4190 J kg K. 

Execute: (u) At steady state, the input power all goes into beating the water, so I y - — =- and 

AT - —- liSI> ' V> >:?,1> ■ m - n - 51.6 K. and the output temperature is 18.0°C-f 516*C = 69.6 3 C. 

rm <4190 1/leg KK0.500 kg mini 

EVALUATE: <b) At steady state, tb: temperature of the apparatus is constant and the apparatus will neither 
remove heat from nor add beat to the water. 

17.120. IDSCTIFY: For the air the heat input is related to the temperature chingc by Q - ikc A7*. 

SET Up: The rate P at winch beat en^gy is generated is related to the rate P, at which toed energy is consumed 
by the hainsteT by P - 0.10/J. 

Execute: (u) The heat generated by the hamster is the heat added to tb: ba\: 

r=Q = mi — = ( 1.20 kg/m'<0.051X1 m'Ml 020 J/kg KH160 C/hl-97.9 J/h. 

(h) Taking the ctVicicncy into account, the mass M of seed that must he eaten in time t is 
£_^ i /V ii 0%>_979 ji h_ 40K 
. I L 24 J/g 

EVALUATE: This is ahnut 1.5 ouixes of seed consumed in one hour. 

17.121. Ideviity: Heat Q % goes into tbc ice when it warms to 0*C. melts, and the resulting water warms to the final 
temperature T t . Heat Q tmk comes out of the ocean water when it cools to T,. Conservation of energy gives 

Q+Q..* o. 

Sir tP: For ICC, c, - 2100 Jig K. For water. L, Jkg and c. -4l90JkgK. Let m be the total 

maw of Ihc water on the earth'* surface So m. -0.0175m and m„ -0.975m. 
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EXECUTE: Q t -t fi* - 0 gives m.r (30 C°)-t m.4 + m t <\T t ♦ m^c % {T ( -5.0O ; C)-0. 

T -mr.i^r> - *»i... ♦ .»5.«o»r:■ 

r -(0.0175/w>21(H) J.'kg KX30 K f -(0.0175m W334x 10* l*kg) »(0.975/wX4l90 J kg KK5.00 K) 

1 ’ (0.0175m 10.9?5 jji)|4190 J kg K) 

T - ■ 1 ' 1,1 -3.24 : C. The temperature decrease is 1.76 C°. 

1 4.159x10 J'kg*K 

EVALUATE: The mass of ice in the icecaps is mu:h less than the mass of the water in the oceans, but much more 
heat is required to change the phase of 1 kg of ice than to change the tcmfxrature of I kg of water I C% so tlx 
lowering of the temperature of the oceans would lx appreciable. 

17.122. I DEN im: Apply Eq.(l7.2l). For a spherical or cylindrical surface, the area A m Eq.( 17.21) is not constant, and 
the material must he considered to consist of shells with thickixss dr and a temperature datYcrenec between the 
inside and outside of the shell dT. The heat current will be a constant, and must he found by integrating a 
differential cquatxm 

SET UP: The surface area of a sphere is 4xr J . The surface area of the curved side of a cylinder is 2^r/. 
kil l -f c)*r. when r<r I. 


(a) liquation (17.21) txconxs // - A(4.r/**i — or - X* iff. Intcurating both sides between the appropriate 

dr 4.7r* 

limits. _ - _ | _ k(T } - T). In this ease tlx “^lpiopnatc limits" have been chosen so that if the inner 
4.rlo b) 

temperature 7 is at the higher temperature T r the heat flows outward: that is. ii-L<0. Solving fee the heat 


LlV 


. f . kAzahiT. -T) 

current. // -:-—. 

h-a 


(h) The rate of change of temperature with radius is of the feem with B a constant. Integrating from 


r - a to r and from r - a to r - h ujvcs 7*(r) 




ind /, - K. - B\ —I. Usinu the second ot these 
ir b 


to eliminate B and solvinu for 7Trf gives T(r) - 7*. - (T. - 7j )I-' — I. Tlxre arc. of course, many equivalent 


b- a A r 

forms. As a check, note that at r * a % T » F, and at r 7 ■ 7J. 

JT U 

(c) As in part (a), the expression 6»r the heat current is 7/ - 4(2;rrf.)— or -- kluJT. which intcurutcs. with 

dr 2 *r 

the same condition on the limits, to —In (bfa)-UA7 : - 7[), or 7/ . ~ ’ —— 

2.T btlAuf 

<d| A method similar to that used in pari <b) gives 77r)=- T ><T t -r V. 

In Ah! a) 

EVALUATE: <c) fee tlx sphere: l.ct b-a - /. and approxumte 6 -*j. with a tlx common radius. Then the surface 
area of the sphere is A - Axa*. and tlx cxprcssxm for // is that of Eq. (17.21) (with 7 instead off., which has 
another use in this problem). For the cylinder: with the &imc notation, consider In j _ j - In j 3 + _ j - L.. 

where the approximation for ln(l ♦ r) for small r. has been used. The expression for // then reduces to 
ft(2jr£fl)(A77/), which is Eq. (17.211 with A-2xU. 

17.123. IDENTIFY: Front the result of Problem 17.122. the heat current through each of the jackets is related to tlx 
temperature ditTcrcncc by // - ■ ■ ~ 7< * A7*. where / is the length of the cylinder and h and u are the inner and 


lb: 


outer radii of the cylinder. 
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17.124. 


Sit UP: Let the temperature across the cork be A7] and the temperature across the .styrofoam be A^, with 
similar imitation for the thermal conductivities and heat currents. 

EXECUTE: (ii) a 71 ♦ Ar - AT - 125 CP. Setting //. - // - // and canceling the common fetors. 


Arx- A7i*. 


Llinunotine AT and solving tor A7 ova A/. - A/I I 


k. hi 1.5 


Substitution of numeric a 


In 2 In 1.5 ^ A* In 2 

values gives AT; - 37 C°. and the temperature at the radius where the layers nwet is 140'C - 37*C - 103°C. 
(b) Substitution of this value for A7] into the above expression for //, - // gives 
2.t( 2 <N0 m)10.IXIQ0 W/m K| 

In 2 ' ' 

2.r(2.00 mMO.OlOO W/m- K) 


7 


Evaluate: a T - !03°C- 1ST -S8 C. - 
ls // as it should be. 


bf6.0O4.D0V 


C°\ - 27 W. This is th: same 


il 


IDIVUPV: Applv Lo.(17.221 to ditferent paints along the rod. where — is the temperature gradient at each point 

dx 

Set UP: For copper. A 3SS W/m K. 

Execute: (u) The initial temperature distribution. T - (IOO°C)xinx.r//.. is shown in Figure 17.124a 

(b) After a very long time, no heat w ill flow, and the entire rod will be at a uniform ten^icraturc which must be that 

of the ends. 0 °C. 

(cl The temperature distribution at successively greater times T, < T : < T- t is sketched in Figure 17.124b. 

(d) 111 -1100*C )(*//- )cos jzx/L. At the ends, x - 0 and .r - L. the cosine is ± 1 and the ten^ieraturc gradient is 
±(100 e C)(T/0.100 m) - 13.14x10' C ! /m. 

(el Taking the phrase ‘‘into the rod” to mean an absolute value, the h:at current will be 
A.4f£_(385.0 W/m KM I <10 x 10 4 m*)<3.l4xI0 l C , /m)=l2l W 

(0 Either by evaluating i£Lat the center of the rod. where xx il - sfl and ccaix/2) - 0. or by checking the 


figure in part la), the temperature gradient is zero, and no heat flows through the center; this is consistent with th: 
symmetry of the situation. Then: will not be anv heat current at the center of the rod at any later time. 


L _ |3SS ._, 1 . 1 . 10 - m’/s. 

v <K.9xI0’ kg/m'>(390 J/kg-K) 


IS) — 

/* 

(h) Although there is no net heat current, th: temperature of the center of the rod is decreasing; by considrring the 
heat current at posits just to cithrr side of the center, where then: is a ntxvzero temperature gradient, there must h: 
i net flow of heat out of the region around the center. Specifically. 


mU2)+ Ax)-//((/. 2)-A.r»-ii.((Aiy — -Li — - — 


A 


< 


Lquaixm. -——l is obtained. At the center of the rod. * \ - -(100 CP^xfL) 1 , and 

fV pc fix' 


1 1 

cri 


uLLax. fn>m winch the Ilea: 




— --< 1 . 11 x 10 - ki’AMIOOC") 

11 0.100 m 


— —10-9 C/s. or —11C 3 /* lo l««i figures. 


(il 


10.9 CM 


- 9.17 i 




(jl Decrease (that is, become less negative). since as T dxreases. -— decreases. This is consistent with the 
graphs, which correspond to cquil time intervals. 

(k) At th: point halfway between the end and the center, at any given lin>r is a factor of sin(T/4U l/JI less 

ex' 

tlun at the center, and so th: initial rate of change of temperature is -7.7 \C°/%. 





r,i"ci 
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17.125. IDENTIFY: Apply the concept of thermal expansxin. In part <bt the object can be treated ax a simple pendulum. 
SET Up: For steel a ^ 1.2x10'* <C°) I yr* 86.400 s. 

Execute: la) In hot weather, the moment of inertia / ami the length d in Eq.< 13.39) will both increase by the 
same factor, and so the period will be longer and the clock will run slow (lose time). Similarly, the clock will run 
fast (gain tin*:) in cold weather. 

<l» £L-aAT = (1.2x10 ‘ <C°) 'K10.0 C) -1.2» 10^. 

(c) See Problem 13.98. To avoid possible confusion, denote the pendulum period by r. For this 
problem, Al _ - 6.0x 10 * so m one diy the clock will gain (86.400 s<6.0* 10 ') - S2 x. 

<d) — -laAT. ul - . 1 " N gives AT - 3(1.2 xlO' (C°> 'X86.400)] '-1.9C*. 7 must be controlled to 
r I r I 86,400 x 

within 1.9 C°. 

EVALUATE: In part (d) the answ er does not depend cei the period of the pendulum. It deprndx only on the 
fracticeial change in the penod. 

17.126. iDEvnn: The rate at w hich heat is absorbed at the blackened end is the heat current in the rod. 

AeoiTf - 7 *) ~ ^4 r : -7;) w here T t - 20.00 K and 71 is the temperature of the bhekened end of the rod. 

SET UP: Sirxc the end is blackened, r-l. 7] - 500.0 K. 

Execute: If the equation were to be solved exactly for 7*%« th: equation would be a quarlic. very likely not 
worth the trouble. Following the hint, approximate T 2 oo the left side of the above expression as 7*, to obtain 

r. -7j*^(r’-7;*)-/;»(6.79*io '• k )(7;'-7;'>-7;-.o.424 k: - 20.42 k. 

EVALUATE: This approximation for T.. is indeed only slightly than 7], and is a good estimate of the temperature 
Using this for 7J in the original expression to find a better value of A7* gives the san*: AT to eight figures, and 
further iterations are not worthwhile. 

17.127. IDENTIFY: The rate in (iv) is given by Cq.f 17.26). w ith T - 309 K and T - 320 K. The heal absorbed in the 
evaporation of w ater is O - ml.. 


SET UP: m - pV % so — - p. 

Execute: (tt) The rates arc. |i) 280 W. 

(ii) (54 Ih C 0 m‘HI.5 m')(l I Cy<3600 *h) - 0.24# W. 

(iii) (1400 W.m , MI5m 1 )-2.l0xl0‘ W. 

(iv) (S.67xl0‘ W.m J K'HI.S m*'M(320 K)* -(3W K>*>- 116 W. 

The total is 2.50 k\V. with th: largest portion due to radiation from the sun. 

P 2 50k |0* W 

(ID —— -—- 1.03x10 * mVs. This ixequil to - 3.72 Lb. 

Pk (1000 kg. m K2.42x10 J/kg-K) 

(c) Redoing th: above calculations with c - 0 and the decreased area gives a power of 945 W and a corresponding 
evaporation rate of 1.4 L*h. Wearing reflective clothing helps a good deal. Large arras of loose weave clothing 
also facilitate evaporation. 

EV ALUATE: The radiant energy from the sun absorbed by the area covered by clothing is assumed to be zero, 
since c * 0 for the clothing and the clothing reflects almost all the radiant energy incident on it. For the same 
reason, the exposed skin area is the area used in l:q.(!7.26). 
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(a) IDEMIFV: We arc asked about a single state of \b: system. 

SET UP: Use l!q [ IS 21 to calculate the number of moles and then apply the Klealgas equation. 

Execute: n - - Xr -56.2 mol 

M 4.00x10 ‘ kg mol 

(b) pV-nRT implies p-nRTiV 

T must be in kelvins; T ^ (IS* 273) K = 291 K 

<56.2 molX8.3145 J’nxil K*29l Kl , . r 


6.80x10' Pa 


20.0x10 


p »(6.80x 10^ Pa)( 1.00 atm 1.013x10* Pa>-67.1atm 

EVAUIATE: Example 18.1 shows that 1.0 mol of an ideal gas is about this volume at STP. Since there are 
56.2 moles the pressure Ls about 60 times greater than 1 atm 
L Identity: pY *nRT . 

SET up: r. - 41.0°C - 314 K . R - Q.Q8206 L atm naal K . 


Execute: it. R constant so LL - nR is constant. —- 

r r, r 

T, - 7;[^. |(if j =<314 K)(2K21 - 1.256-10' K - 9S3°C . 


D.I3I n»l. m -nM =<0.151 mol)(4.00 tf'nul)- 0.524 g . 


<h»n- — ■ - ' 1 - 0.131 nwl. nt -n.U - <0.131 mil))4.00 ulrail)-0.524 g . 

RT (0.08206 L aim mol K)(314 K) “ 

EVALUATE: T is directly proportional to p and to Y. so when p arxl V arc each doubled the Kelvin temperature 
increases by a factor of 4. 

3. IDENTIFY: pY - )\RT . 


Set Up: T is constant 


E XECU T l; nli T is conrtant so 




5.959 aim 


EVALUATE: Tor T constant, p decreases. 
i. Identify: pY = nRT. 

SET UP: T - 20.0°C - 293 K . 


Execute: (a) n. R. and V arc cocuUnL — - — - constant . 

t v t : r 


r- r il - (293 


1.00 atm 
} .00 atm 


£7.7 K --175 S C. 


(b) p. - 1.00 atm . V i - 3.00 L. p h - 3.00 atm . n. R. and 7*arc constant so pV - nRT - constant. p 3 Y : - p}\ . 

r - r fe)"" u (ra=)- ,J " L - 

EVALUATE: The final volume rs one third the initial volume. The initial and final pressures arc the same, but the 
final temperature is one-third the initial temperature. 
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5. IDENTIFY: pi'-nRT 

SKI UP: Assume a room size of 20 ft * 20 ft x 10 ft . V - 4000 ft* -113 m\ Assume a temperature of 
T - 20°C « 293 K and a pressure of /? = 1.01x10* Pa . I m l =IO* cm 4 . 

Execute: c, ,l,,l ~ 10 " la>l 13,n ^ 4.wio* noi. 

RT (8.315 Xinol KK293K) 

iV - mV. -(4.68 x 10' mnlx6.022xl0*' molecules moll - 3x10*’ molecules . 


,b, F- 


N 3x 10* molecules 


- 3xiQ ' raalccukxm* = 3xltf w molecules cm 


Dm 


EVALUATE: The solution doesn't rely on the assumption that air ts all S i . 

.6. 1DEM1FV: pV - nRT and the mass of the gas is m fc4 - n\f . 

Si:r UP: The temperature is T - 22.0‘C - 295.15K The average molar masts of air is .1/ - 2S.8x 10 4 kg/mol. 
For helium .1/ = 4.00x 10 ; kg/mol. 

EXECUTE: (■) “ 00 J " n,lti Ll,:S - 8 ’ 10 ‘ ^ , l .07, l Q > kg. 

RT (0.08206 l. atm mol KX295.15 K> 

thtm ^,u,£L M ii i||> i.ii i 1 ■! 'Umo ll-||W0 , 

RT (0.08206 L atmmol KX295.I5 K| 

EvaUIaTE: n - -— - 2_ savs that in each case the balloon contains th: same number of molecules. The trass 
V A RT 

is greater for air since the mass of one molecule is greater than for helium. 

.7. I DEN ni\: We are asked to compare two states. Use the ideal gas law to obtain 7*> in terms of T, and ratios of 
pressures and volumes of the $&s m the two states. 

SET UP: pV - nRT and n. R constant implies pVtT - nR - constant and pl\/T t - 
Execute: t { = (27 + 273* K - 300 K 
p k -1.01x10' Pa 

p 1 - 172 x 10* Pa + 1.01x10' Pa - 182x10* Pa (in the ideal &ls cquatxm the pressures must be absolute, not 
gauge, pressures) 

7- -r\JL Kil l -300 K; : 82 -" > : P] )( 462 I- 776 K 
\ P l A I V I 01*10 Pa ), 499 era ) 

r. -(776-273>°C ^ 503°C 

EV ALUATE: The units cancel in the 1^/1* volume ratio, so it was not necessary to convert the volumes in cm* 
to m . It was essential, however, to use T in kclvins. 

8 . Identify: pV *nRT and m - n.l/ . 

Set L’P: We must use absolute pressure in pV - nRT . p { - 4.01 x 10' Pa. p } - 2.81 x 10* Pa . 7| »310 K , 

T - 295 K . 


EXECUTE: tut ;i-— 


pl\ (4.01 x 10‘ Pa It 0.075 m *) 


RT y (8.315 J. mol* KII310 K) 


11.7 mol. m - n. 1/ a (11.7 mol 832.0 gfaol) ^ 374 g . 


lb) *. - 


py* (2.81 X10' PaHO.075 m 1 ) 


= 8.59 mol. m - 275 g . 


RT. (8.315 J mol KM295 K| 

The mass that has leaked out is 374 g - 275 g - 99 g . 

EVALUATE: In th: ideal gas hw we must use absolute pressure, expressed in Pa. and T must be in kclvins. 
.9. Identify: pV =nRT . 

SET Up: T x -300 K . 7>430K. 

Execute: (u) n. R arc constant so —— - nR - constant . LiL. _ iZl. 

7* r 7*. 


P: = wl^-|y-) = <l-50«10’Palf 


0.750 V 430 K 


336-10' 


1.0.4S0 m' Jl. 300 K 

Evaluate: In pV - nRT . T must be in kclvins. even if we use a ratio of temperatures. 
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18 . 10 . 


18 . 11 . 


18 . 12 . 


18 . 13 . 


18 . 14 . 


18 . 15 . 


I DEN I1FN: Use the ideal-gas equation to calculate the number of mole*, n. The maw of the gas is 

• 

SET Lp: I he volume of Ihc cylinder is V - .n r‘l. where r = 0.450 m araJ / -1.50 m T - 22.0t ^ 293.15 K. 

1 aim-1.013-10' Pa. M =32.0x10 1 kgmol. fl-S.314 J.'mol K. 

EXECUTE: " V - ; " ■••■a.n.hT,0430 l.^.l n, aM7tno| 

RT (8.314 J mol KM295.I5 K) 

|b) 827 nxil)<32.0*IO ; kg mol ) ^ 26.5 kg 

EVALUATE: In the ideal-gas law. T must be in kclvmx. Since we used R in units of J mol • K we had to express p 
in units of Pa and I * in units of m . 

lULMin: We are asked to compare two states. Use the ideal-gas law to obtain \\ in terms of \\ and tb: ratio of 
the temperatures in the two states. 

SET UP: pV - nRT and it. R\ p an: constant so VfT - nRf p - constant and V x .T = \\/T : 

Execute: 7; ^ (19 + 273) K - 292 K (Toiust be in kclvins) 

LM77.3 10292 K>- 0.159 L 

EVALUATE: p is constant so the ideal-gas equation says that a decrease in 7* means a decrease in V. 

IDENTITY: Apply pV - nRT and the van dcr Waals equation (liq. IS.7) to cakuUtc p. 

SETUP: 400 cm 1 - 400 x 10* m‘. tf-S.3l4J 'mol K. 

Execute: (u> The ideal gu law gives p-nRT/y* 7.28x10* Pa while 18.71 give* 5.87x10* Pj. 

(hi The van dcr Waals equation, which accounts for the attraction between molecules, gives a pressure that is 20% 
lower. 

(c> The ideal gas law gives p - 7.28 x 10* Pa. Eq.l 18.7 ) gives p - 7.13 x 10* Pa. for a 2.1% difference. 

Evaluate: (d) As njV decreases, the fccmulas and tb: numcraral values for the two cquitionx approach each 
either. 

Identify: pV*nRT. 

SETUP: 7* is constant 

EXEC UTE: n. /?. T arc constant, so pV - nRT - constant. pY - pY y 


Pil—I^Cl.OOntml 


6.00 L 


-1.05 aim. 


5.70 L 

EVALUATE: I : or constant r. when r decreases, p increases. Since the volumes enter as a ratio we dont hive 
convert from L to m\ 

IDENTIFY: pV - nRT. 

SET UP: T - 277 K. 7*. - 296 K. Assume the number of moles of gas in the bubble remains constant. 


Execute: 


(u)ji' R are constant so i-L - nR = constant J—Ll L— and 


3.50 atm 


1 296 K 
277 K . ’ 


3.74. 


(hi This increase in volume of air in tlic lungs woukl be dangerous. 

Evaluate: The Urge decrease in pressure results in a large iixreasc in volunx. 

IDENTIFY: We are asked to compare two slates. First use pV - nRT to calculate p l . Then use it 
terms of T x and the ratio of pressures in the tw o slates. 

(a) SET Up: pV - r:RT. f ind the initial pressure p : 


obtain r in 


Execute: 


Pi - 


nR^ (11.0 molK8.3145 J.'mol KK(23.0r 273.13)K> 

T 


3.10x10 ' r.i 


-S.737xlQ‘ Pa 


SETUP: p. =100alm(1.013*l0’ Pa, 1 «m) = 1.013x10' Pa 
pIT -nR! V = constant. so pJT : = p s >T s 

(h) EVALUATE: The cocllkicnt of volume expansion for a gas is much larger than for a solid, so the expansion 
of the tank is negligible. 
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18.16. 


18.17. 


18.18. 


18.19. 


18.20. 


IDEMIIY: F - pA and p V - nRT 
Sir UP: For a cube. Vi A* L. 

EXECUTE: (a > The force of any side of tlx cube is F - pA - {nRTjV )A - ( nRT )//., since the ratio of area to 
volume is A/V ^ I/I. I ce T = 20.0°C ^293.15 K. 

F _nRT_ IS.'H- KW*3ASK> ^ M „ lQ . N 

I 0200 m 

(b) For r^l00.(HrC = 373.15 K. 

F ’'* 7 -nn/^NM'molKHrV:^. 4 6Sx lO< H 
I 0200 m 

EVALUATE: When the temperature increases while the volume is kept constant, the pressure increases and 
therefore tlie force increases. Tlx force increases by the factor IJ/7J. 

IDEM1FY: Example 18.4 assumes a temperature of 0°C at all altitudes and neglects the variation of g with 
elevation. With these approximations. p - p^ M . 

SKI I p: ln(c ' I - -x. For air. M - 28.8* 10 ' kg nxil 

EXECUTE: We warn ; for /> - 0.90/. to 0.90 - '' and v - ln(0.90) - S50 m. 

Mg 

EVALUATE: This is a commonly occurring elevation, so our calculation shows that 10% variations in 
atmospheric pressure occur at many locations. 

Idem IIY : From Example 18.4. tlx pressure at elevation y above sea level is p - p^ M . 

SET Up: The average molar mass of air is M - 28.8 x 10 * kg mol. 


Execute: At an altitude of 100 m. 


3fev. <28.8x10 1 kg.mol)9.S0 m/x'MICOm) 


- 0.01243, and the percent 


RT <8.3145 J/moI K*273.15 K| 

decrease in pressure is I - p/p t - l-tf 44 ** 4 * - 0.0124 - 1.24%. At an altitude of 1000 m. Mgy^/RT - 0.1243 and 
tlx percent decrease in pressure is 1 -c **** = 0.117 = 11.7%. 

Evaluate: These answers differ by a factor of (11.7%(/( 1.24%) - 9.44. which is less than 10 because tlx 
variation of pressure with altitude is exponential ratlxr than linear. 

iDEMIFY: p- p x p * i;4/ fr»>m Example 18.4. Eq.(IS.S) sa>* p - {pjM\RT Example 18.4 assumes a constant 
T - 273 K. so/? and p are directly prepocticeial and we can write p — p % c . 

SET Up: From Example 18.4. —^ -1.10 when v - 8863 m 
* RT 

Execute: For y - 100 m. ~ 0.0124, so p - py**' U - 0.988/7,. The density at sea level is 1 2% larger 

RT 

than the density at 100 m 

Evaluate: The pressure decreases with altitude. pV -— RT. so when the pressure decreases and T is 

Ai 

constant the volunx of a given mass of gas increases and the density decreases. 

iDEMiiv: p - p t f Ai from Example 18.4 gives the variation of air pressure with altitude. Tlx density p 

of the air is p - — —. so p is pcoporticoial to tlx pressure p. Let p, be the density at the surface, where the 
RT 


pnssurv 


SET UP: Irom l:\anrmlc 18.4, - 


Mg <2S.8x!0 * kgmolM9.S0 n»'**\ 


- 1.244 x 10 4 m \ 


RT <8.314 J.inol KK273KI 


Exec in: 


• • .'-0.XK.V... - constant. to il-ilaad p - p,' J- 0.883,., 

p RT p p v 

Tlx density at an altitude of 1.00 km is 88.3% of its value at the surface. 

EVALUATE: If the temperature is assumed to be constant, tlxn the decrease in pressure with increase in altitude 
corresponds lo a decrease in density. 
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18.21. 


18.22. 


18.23. 


18.24. 


18.25. 


iDEVim: Use Eq.l 18.5 ) and solve for p. 

SET UP: p - pM /RT and p- RTpiM 

T ^ (-56.5 -f 273.15) K = 216.6 K 

For air M -28.8*10 1 kg mol (Example 1S.3) 

Execute: < k -* 145 J mol KM216.6 K)(0J64 k&'m 1 ) 


2.28* IQ 4 Pa 


28 . 8 x 10 * kg'mol 
EVALUATE: The pressure is about on:-fifth the pressure at sea level 
IDENTITY: The moiir miss is . 1 / - S\m . where m is the mass of ooe molecule. 

SET Up: »V a ^ 6.02x 10 :< molecules mol. 

Exec ute: M - N s m -(6.02xlO*''molccules/molM 1.41 *10 J ‘ kg/molccule)-849kg'mol. 

EVALUATE: For a carbon atom. A/ -12x10 ’ kg mol. If this molecule is madly carbon, so the average mass of 

its atoms is the mass of carbon, the molecule would contain--—— 71.000 atoms . 

12 x 10 kgmol 

IDENTITY: The mass is related to the number of moles n by m XA - n.U . Mass is related to volume by 
p*mlV . 

SET Up: For gold. .1/ - 196.97 g.'mol and p - 19.3x 10* kg m*. The volume of a sphere of radius r is V - ±xr 1 
EXECUTE: (u> - n.l/ - (3.00 molK 196.97 g moll - 590.9 g The value of this mass of gold is 

(590.9 gMS14.75Vg) = S8720. 

m - UVm H -3.06.10 ’ m . V = Izr g.*f* 

p 19.3-10 ku.'m' ' 6 


W\'“ ( >3.06x10'' m*] 


.0194 m - 1.94 cm. The diameter is 2;* - 3.88 cm. 


iz! \ 4.T 

Evaluate: The mass and volume are directly proportional to lb: number of moles. 

IDENTITY: Use pV - nRT to calculate the number of moles and then the number of molecules would he 

iV = *jV*. 

SETUP: I aim - 1.013x10* Pi. 1.00 cm'=1.00x10* m'. .V, = 6.022 x 10“ molecule*.'mol. 

.. pV (9.00x10 “ atmlll.OUx 10'Pa'jImll l.OOx 10 * m‘> , 

Execute: (u)n-- -3.655x10 " mol. 

XT (8.314 J.'nxil KK300.0K) 

iV = mV, - <1.655 x 10 " mol H 6.022 x 10" molecules mol I - 2.20 x 10‘ molecule* . 

„, pVN. N KV. , N N, 

*T P XT p p, 

N. - X' - (2.20x 10" molecule*)!- ' — - 12 — U 2.44 x Iff' molecule*. 

’ '( p . 9.00x 10 atm 

EVALUATE: The number of molecules in a given volume is directly prc^ivrtional to the pressure. liven at lb: very 
low pressure in part (a) the number of molecules in 1.00 cm is very large. 

IDENTITY: Wc are asked about a single state of the system. 

SET UP: Use the ideal-gas law. Write n in terms of the number of molecules *V. 

(a) Exec LIE: pV= nRT. n NIN A so pV - (V/V A )RT 

V 


i Hi 


SO molecules V 8.3145 J. mol • K 


x 10 * m' A 6.022 x I 0 *‘ molecules mol 


(7500 K) -8.28x10 Pa 


p - 8.2 x 10 1 aim. This is much lower than the laboratory pressure of I x 10 ‘ atm in lixeieise 18.24. 

<l>) Evaluate: The Lagoon Nebula is a very rarefied low pressure gis. The gas would e.xcrt vm* little force on 
an object passing through it. 
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18.26. 


18.27. 


18.28. 


18.29. 


18 JO. 


■ 10 " m . 


Identify : pV - nRT - NkT 

SETUP: AtSTP, F = 273K, p - 1.01x10* Pa . *V = 6xlO* molecule*. 
rvrri?Tr . v SkT _ (6x |0 V molecutaid -3Slx 10 _i< J.'molccuk• KK273 K) ^ 

~T~ 1.01x10' Pa 

L'mV so L»V* >1 -61x10* m. 

Evaluate: This is a snail cube, 
m N 

Identify: n- - 

M V A 

SET UP: *V a ^ 6.022 x \&' molecules, mol. For water. M =18x10° kg mol. 
m 1.00 kg 

Execute:, n -;-- 55.6 mol. 

. 1 / 18 x 10 ‘kg mol 

iV - i»JV A -(55.6 mol>(6.022x 10'* molecules, mol > - 3.35 x 10** molecules . 

Evaluate: Note that we converted M to kg mol. 

Ides IIF^: Use pV - nRT and n -with iV -1 to calculate the volume F occupied by I molecule. The length 

*V A 

f of the sxle of the cube with volume I'is given by F-/‘. 

SETUP: T -27°C - 300 K. /> = 1.00 atm - 1.013x10' Pa. R -8.314 ) mol K. iV A =6.022xl0 J * molecules* mol. 
Tlie diameter of a typical molecule is about 10 11 m. 0.3 nm - 0.3 x 10 ' m 
Execute: (u) pV - nRT and n - — gives 


\RT 


II 001(8.314 J mol KX300K) 


4.09x|0 Jfc m*. /-F 1,1 = 3.45x10 * 


A \p <6.022x10“ nxdecule* molil l.013 x 10 Pa) 

(b) The distance in part |a) is about 10 tinvs the diameter of a typical molecule 

(c) The spacing is about 10 tinxs the spacing of atoms in solids. 

EVALUATE: There is space between molecules in a gas whereas in a solid the atoms are closely pocked together, 
(a) IDENTIFY and SIT Up: Use the density and the mass of 5.00 mol to calculate the volume, p - tu IV implies 
V - mfp . where m - the mass of 5.00 mol of water. 

Execute: -nM -1500 mol*lK.0*l0 1 kglnoll- 0.0900 kg 

Th* r-JL- 0 09011 -9. 

p MXlOkgm' 


W*10 ' ni 


(b)One mole contains *V. - 6.022x 10“ molecules, so the volume occupied bv one molecule is 


9.00 >10 ‘ in' I mill 


'9S9-10 :v mV 1 molecule 


(5.011 molW6.022 -10' 1 rookeulcxiixil) 

V - a\ where a u the length of each tide of the cube occupied by a molecule, a' - 2.9X9 <10 w m‘. to 
u-3.1 <10m. 

(c) EVALUATE: Atoms and molecules arc on tbc order of 1C " m xn diameter, in agreenx^it with the above 
estimates. 

Identify: *XkT . 


SET UP: A/ v = 20.1 SO g mol. M u -83.80 gmol and .1/,. - 222 g mol. 

Execute: (a) - 2AT deprnds only on the temprrature so it is th: same for each species of atom in the 

mixture. 


hi 




M _ 




A/*, u 20 . 1 S g mot 




222 gmol 
20.18 g mol 


3.32. 


[Af* / 222 g mol 


1.63. 


W. Y 83.80 gmol 

EVALUATE: The avcrjge kinetic energies are the same. The gas atoms with smaller maw have larger v 




Thermal Properties of Matter 18-7 


18.31. 


18.32. 


18.33. 


18.34. 


18.35. 


/3*r 


fDEYYlFYand SETUP: v 

EXECUTE: (a) v is different for tbc two different isotopes, so tlu 235 isotope diffuses more rapidly 


*a. f °- 352 k & m °i ., < wu 

v kymol 


EVALUATE: The revalues each &pcnd on 7* but their ratio is independent of T. 

IDENTIFY and SET Up: With th: multiplied}* of exit score denoted by n . the average score is J —j— |5]ti i and 


the ns M:ore 


‘ [(ifelM 


Execute: u> 54.6 
(b)6l.l 

Evaluate: The rms score is higher than tlie average score since the rms calculation gives more weight to the 
higher scores. 

Identify: pV=nRT - —rt -— RT. 


M 


SET UP: We known that V A = \\ and that T A > T t . 

EXECUTE: (u) p - nRT fY ; we don’t know n for each box. so cither pressure coukl be higher. 

(b) pV - -j/f7* so N - -—^-2.. where \\ is Avogadro's number. We don’t know* haw the pressures compare. 

vo either .V could he larger. 

(cl pV -1 « M /Af )RT. We don’t know the mass of the gas in each Ixix. so they,* could contain the sane gas or 
different gases. 

(d) i/w( v - 1 - ikT . T s > T u and tbc average kinetic energy* |er molecule depends oily cm T. so the statenent 
must be true. 

(c) - j3kT/m . We don't know anything about the masses of the atoms of the gas in each box. so eitlier set of 
molecules coukl have a larger r, M . 

Evaluate: Only statement id> must he true. We need more information m order to determine whether the other 
statenents arc true or false. 

Identify: Use pV - nRT to solve for V 

SET UP: Use R * 0 08206 L •atm'mol K . T = 273.15 K . 

Execute: . 22.4 L 

p 1.00 atm 


(b) pV - nRT - ccmaanl. hi pi\ - pA\. V, -1 — Ik - I — - - 1(22.4 L) - 0.24? L . 

Pi) V 92 Jlc 

Evaluate: for constant r. the volume of 1.00 mol is inversely proportional lo the pressure. 

,3* T 

iDtvmv: ... ».f- 

S»:r L'P: Ibc imu of a dculcron n*- m * m -1 673-10 1 kg - 1.675-10 ; kg - 335*10‘" kg . 
c = 3.00*10* ms. t = 1.381*10 a J nxilctuk - K . 


Execute: (*>i >• - 


?(US1*10 -■ J 'molecule KK300x I O' K) 


3.35*10ku. 


1.93x10* M*. ir.^643.10 ‘ 

e 


(b>rH-|(v _ l 351,10: kg _ 

1 3* ) •“ l 3(1.381x10 JJmolecufc K > 


|3.0x 10 : nVs) J - 7.3x10* K 


EVALUATE: Even at very high temperatures and for thes light nucleus, r is a sirall fraction of the srecd of 
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18.36. 


18.37. 


18.38. 


18.39. 


IDKAIIFY: v iam - r •* in kclvmx. />F - nKT give* 

y ill r n i 

Sir tip: if = R.3I4 linol K ,M -440-10 ' Ics'mol. 


EXECUTE: (a) For T - 0.0‘C - 273.15 K , v - pl K 111 J rto 1 K H 2~-3. ■ 5 K> ; J9J , r 

“ y 44.0-10 ' kg mil 

7* - - 100C°C - 173 K , », = 313 m* . The range of speeds is 393 m s to 313 m/s. 


|b) For T - 273.15 K . — 


550 Pa 


1286 molW . For T - 173.15 K . — - 0.452 mol m‘. 

V 


V (8.314 J nol- KH273.I5 K) 

The range of densities is 0.2K6 mol in'to 0.452 mol m‘. 

Evaluate: When the temperature decreases the rnw speed decreases and the density increases. 
iDLYim and SET UP: Apply the analysis of Section 18.3. 

EXECUTE: <u) ^).ajW*a|(l.38xlO’ a J. molecule K)f300 K>-6.21x10 51 J 

(h> We nxd the mass m of ooc atom: m - - n>> ‘ -- - 5.314x 10 kg molecule 

S\ 6022 *10* moleculev mol * 

rhea -6.21x10 11 J (frompart («)»giv« (» J ), _ 2|6.2I . 10 - J) _ 2(62I^.I0^J> _ , 34 , |Q 

(c> v.. = ),_ = J2.34xl0‘ m-'V = 484 ml 

(ill p - im„ = (5.314x10 * kgM4S4 ml) = 2.57-10 0 kg ml 

(el Time between collisions with ooe wjII is f - —II—— ■ - 4 13 x 10 4 s 

v (-4 4K4 m s 

In a collision »• changes direction, so Ap - 2«r»*, I4 = 2(2.57x 10 kg m s)-5 14x10 kg ms 

F.± *> -±- 5 ' 4 -l° k f mS -,.24-, 0 ,. N 

(it At 4.l3x 10 s 

(f) pressure - FiA = 1.24x10 N/(0.I0 m) : = I .24x 10 ‘ Pa (due to ooe atom) 

(*) pressure - I atm - 1.013x10' Pa 

Number of atoms needed is 1.013x10* Pa (1.24 *10 *’ Paatom) = 8.17x 10 31 atoms 

,h, pVmNkT flUU*. N.fL. 


2.45x10“ atoms 


kT 11.381x10 * Ji molecule * KX300 K) 

(i) Front the factor of i in -a(v*)^. 

EVALUATE: This Exercise shows that the pressure excited by a gas anscs from collisxms of tlx* nxdcculcs of the 
gas with the walls. 

IDEM1FY: Apply Uq.< 18.22I and calculate X 

SETUP: 1 atm = 1.013x10* Pa. so pc 3.65x10* Pa. /* = 2.0*I0 M m and kmlMxlV* ML. 


„ , kT 11.38 x 10 J.'K X 300 KI tr t . 

Execute: X* ------= 1.5x10* m 

AtzyJlFp 4W2(2.0xl0 ” m) J <3.55xlO ' Pal 

EVALUATE: At this very low pressure the mean tree path is very large. If v - 4$4 ms. as in iLvarmte 18.8. then 


f —- =■ 330 s . Collisions are infrequent. 


IDENTIFY and st:r UP: Use equal to relate 7* arxl 3/ for the two gases, v.. - V3 RT. M fliq.18.19). so 
y^/ 3* - r•' 3/. where 7* must be in kclvins. Same v so same T1 3/ for the two gases and 


r*. aw* =r M 73 / m 


\{ 


e\lc iTE: r - 


S 1- 


w 


- ((20 -t 273) K. 


. , v 2.016 g/mol 


28.014 g ino! 


4.071x10 K 


r H = (4071 - 273)°C = 3800°C 

EVALUATE: a N. molecule has mi>re miss so N. uas must he at a higher temperature to have the sanx v . 
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•10. IDEM in: 


. 41 . 


.42. 




S»:r I P: A - .381x10 ‘ J mo ccuk K. 


Execute: <u> >• - 


>11.381 x 10 ' J nxilccuk KX30OKI 


6.44 x 10 nv* - 6.44 min s 


3.00x1 u " kg 

EVALUATE: (b) No. The mis speed Abends on the average kinetic energy of the panicles. At this T, II. 
molecules would have larger v, rM than the typical air molecules hut would have the same average kinetic energy 
uxl the average kinetic energy of the smoke particles would he the same. 

IDEAHEY: Use Eq.l 18.24). applied to a finite temperature change. 

SET UP: C| - SR 2 for a diatomic ideal gw anJ C, = 3W2 for a monatomsc ideal gas. 

Execute: (u) Q = nC AT AT 
Q - (2.5 mol|(f)<8.3145 J mol K*30.0 K) = 1560 J 

(> = (2.5 n*>l((4|<8.3145 J,mol• KXJO.O K) = 935 J 

Evaluate: More heat is required fee the diatomic gas: not all th: heat that goes into the gas appears as 
translational kinetic energy, some ge>cs into energy of the internal motion of the molecules (rotatxms). 

IDEAIIEY: The heat padded is related to the temperature increase A T by Q - nC, AT. 

SETUP: For Ik, C, , - 2042 J.'mol K and for Ne (a monatomic gash C N( -12.4? J mol K. 


Exec in: 


C\ AT - — - constant. so C, M AT„ 




\i 


Cv ; v 12.47 


J mol 


final K 


(2.50 0-4.09 C*. 


EVALUATE: The same amount of heat causes a smaller temfvrature increase for II. since some of the energy 
input goes into the internal degrees of freedom. 

18.43. IDEA HEY: C = A Sc . where C rs the molar heat capacity and c is th: spxific heat capacity*. pV - nRT ---RT. 
Set UP: A/ s =2(14.007 g mol)= 28.014x10 * kg nxil. Forwater. c m =4190 JkgK . For N r 
C, = 20.76 J mol K. 

C 20.76 J mol K c 

EXECUTE: (u) c K - -741 Jkg K — = 5.65; r is over five time larger. 

* 4 .1/ 28.014*10 kg'mol * c Vi * 

<b) To warm the water. (3 = mr, AT = <I.Q> kg*4190 J nwl KMlO.O K) = 4.19x10* J . For air, 

m = ——_ JI ^ I0 ' J = 5.65 kg y-. a ^L, . (565 kg, S.3I4 J mo.- K *293 K._ . ^ m> 

Cy.AT (741 Ji'kg*KMlO.O K) SSp (2S.014x 10 ' kg molM1.0l3x 10'Pa) 


EVALUATE: c is smaller for hk. so levs heat is rveded for 1.0 kg of N. than for 1.0 kg of water 

18.44. (a) IDENTIFY and SET Up: IR contributxin to C, for exh degree of freedom. The molar heat capacity C is 
related to the specific heat caparity c by C = Me. 

Execute: C\ = 6( ±R ) = 3J? = 3<8.31451/inol K) = 24.9 J.faol K. The specific beat capacity ix 
Cf = C w SM = (24.9 Xmol K)(18.0x 10 ; kg nxil) - 1380 J kg K. 

(b) For water vapor the spccitk heat capacity is c = 2000 Jkg K. The molar heat capacity is 
C = .Hc- (18.0x 10 ' kgmolX’OOO Jkg K| = 36.0 J.'mol K. 

Evaluate: The difference n 36.0 J mol K - 24.9 J mol K = 11.1 J mol K. which is alxmi 2.7(i-«): the 
vibratxinal degrees of freedom make a significant contribution. 

18.45. IDEA I1EY: C, = JR gives C, in units of J mol K . The atomic imss .1 / gives the inws of one mole. 

SET Up: For aluminum. M = 26.982 x 10 1 kg mol. 

Execute: (u) C. - 3 R - 24 9 J mol K . r - - ~ * } 1 ‘ l,>l K -923 Jkg K . 

26.982x10 ‘ kg mol 

<l») Table 17.3 gives 910 Jkg K. The value from Eq.fl8.28) is too large by about 1.45k 

EVALUATE: As shown in Figure 18.21 in the textbook. (’ approaches th: value 3 R as th: temperature increases. 
The values in Table 17.3 are ai room temperature and therefore are somewhat smaller than JR. 
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18.46. 


18.47. 


18.48. 


18.49. 


18.50. 


Idi.n ni\: Tabic 18.2 gives the value of i/v for which 94.7% of the molecules have a smaller value of r/v - 


v 


3 RT 

IT 


Si r Up: For M =2X.(lxlO ' kgmol. vtv^ - 1.60. 

EXECUTE: »’-— * J—>, xo the temperature is 

1.60 \ 3/ * 


Afv“ 


_' :i, - 1<l ■v‘-(4 1 ,5„P'K.,»<mV. 


T-■ 

3(1.60)"ft 3(l.60)‘<8.3!45 J.'mol-K) 

(•) 7- (4.385< 10 ' K • l.WMl500 m's) J -987 K 
(b) r = <4385-10 'K iVm’MIOOO m'%) 1 =438 K 
(c> r = <4.385x10* K i'/m’((500mi) 1 = llOK 

Evaluate: Ax T decreases the distribution of nxilccular .speeds shills to lower values. 
I DEV I in oik! s*:r UP: Make the substitution t - -«iv 1 in Eq.( 18.32). 


Exec ute: f[y) - 4r —1— lie . re 

1 IziiT m IP 2.tAT 


Evaluate: The shape of the distribution of molecular speeds versus tlie temperature is a funclxm only of the 
kinctx energy of the nxilecules. 

8«r { m 


IDEMteY and SET UP: Kq(IS.33): /<v>«_j t re 

df 

At the maximum of fit). -0. 

dt 


r VI 


\7 




Execute: I — —Ue* u )*0 

dt m\2xkT) dt 

This requires that —itc ** r ) - 0. 
dt 

r ar -(rW M =0 

(l-e’ATV^'-O 

This requires that 1 -c'AT =0 so t = AT. as was to be shown. And then sirxe r - y/uv*, this gives = AT 

and - i/2ATni. which is Eq.f 18.34). 

EVALUATE: V mA - TC>c average of r‘ weights larger v. 

IDENTIFY: Apply Kqs.HS.34) t IS.35) and I IS.36). 


A R'i\ 


— .1/-44.0x10 k»mol. 


SETUP: Note that- 

m MtN A A/ 

Execute: (u» v„ - ^218.3145 ftmo! KX300KH440x10 1 kgmnl) - 3.37x I0 1 m't. 
lb) v, - ^8.3145 J.'mid KM300 K)/(a(44.0* 10 kg/mol)) - 3.80x 10-' m/s. 

(c) v.„ - ^3(8_3145 J/imil-KM^OO K|/(44.0xl0 ' kg/mol) - 4 12 x 10’ mjs. 

EVALUATE: The avenge speed is greater than the most probable spved and the rms speed is greater than the 
average speed. 

I DEVI if y and S»: T L’P: If the temperature at altitude y is below the freezing point only cirrus clouds can form. 
Use T - T t - ay to find they that gives T = 0.0 r t\ 

Execute: v - . jj km 

a 6.0 C : km 

Evaluate: The solid-liquid phase transition occur at 0 : C only for p - I.Olx 10* Pa. Use the results of 
Kxample 18.4 to estimate the pressure at an altitude of 2.5 km. 

.UgO': - >i)' ffr - 1.10(2500 m'8S63 m)-0.310 (using the calculation in Example 18.4) 

Then ft =<1.01x10' Pair 0 " = 0.74x10' Pa. 

This pressure is well above the triple point pressure for water, figure 18.21 shows that the fusion curve has large 
slope and it takes a large change in pressure to change the phase transition temperature very much. Using 0.0°C 
introduces little error. 
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18.51. IDENTIFY: Refer to the phase diagram in Figure IS.24 in the textbook. 

SET L ! P: For water the triple-point pressure is 610 Pa and the critKal •point pressure is 2.212 * 10 Pa . 

EXECUTE: I a > To observ e a solid to liquid (melting) phase tranutxm the pressure must he greater than the triple- 
poant pcewure. so /> - 610 Pa . For p< p t th: solid to vapor (sublmutionl phase transition rs observed. 

<l>) No liquid to vapor I boiling I phase transition is observed ifthe pressure is greater than the critical-point pressure. 
p } = 22l2vl0 Pa . For p x < p < /?. the sequence of phase transitiems are solid to liquid and then liquid to vapor. 
Evaluate: Normal atnxisphcric pressure is approximately l .Ox 10* Pa . so the solid to liquid to vapor sequmce 
of phase transitions is normally observed when the material is water. 

18.52. Identify: Refer to Figure 18.24 in the textbook. 

SET UP: The triple point temperature for water is 273.16 K -O.Ol^C. 

EXECUTE: The tcmfvrature is less than the triple-point temperature so the solid and vapor phases are in 
equilibrium. Tlic box contains kc and water vapor hut no liquid water. 

EVALUATE: The fusion curve terminates at th: triple point. 

18.53. Identify: Figure 18.24 in the textbook shows that there is no liquid phase below the triple point pressure. 

SET Up: Table 18.3 gives th: triple point pressure to be 610 Pa for water aixl 5.17 x 10* Pa for CO,. 

EXECUTE: The atmospheric pressure is below the tnplc point pressure of water, and there can be no liquid water 
on Mars. The some holds \nx for CO’. 

EVALUATE: On earth p sm a 1x10* Pa f so on the surface of the earth there can be liquxl water hut not liquid CO*. 

18.54. Identify: AV = pV^AT - V£Ap 

SETUP: For steel. /* = 3.6x10“* K and *=625xl0" ,s Pa 
Execute: /rr,ar=(3.6xi0“* k 'xii.o LM2I c°)^o.oo83L. 

-kV'Ap = (6.25x10 *7Pa)(l I L> <2.1xl0>a) = -0.0014 L . The total change in volume is 
AV - 0.0083 L -0.0014 L - O.OOS9 L. 

<b) Yes; AV is much less than the original volume of 11.0 L. 

EVALUATE: Even for a large pressure itvrcasc and a modest temperature irxrcasc. the magnitude of the volume 
change du: to the temperature increase is much larger than that due to th: pressure increase. 

18.55. IDENTIFY: Wc arc asked to compare two states Use the ideal-gas law to obtain m; in tenns of mi and the ratio of 
pressures in th: two states. Apply EqX 18.4( to the initial state to calculate nt|. 

SET UP: pV - tiRT can be written pV - (mfM)RT 
T K A/. R are all constant, so p/m - RTt MV - constant 
5>o p t /m - p< fm ly where «i is the mass of th: gas in the tank. 

Execute: /»,-i.Mxio* Pa»i.oi«io' Pi = l.40xio* Pa 
- 250- I0' Pa-> 1.01 w 10’ Pa = 3.51«10 1 Pa 
m, - Pl VMIRT; V - HA - har‘ - (1.00 m)»i0.060 ml’ - 0.0113 i m' 

.HO - PaDO'.IlM .11 Hll.l-lfl I- urn!) 

' (S.3145 J mol K)||22.0 r 273.IS) K> B 

"»- • "'teH 845 * 


7! is the m&ss that remains m the tank I he imss llut lias been used is 


m, - m, ^ 0.2848 kg - 0.0713 kg ^ 0.213 kg. 

EVALUATE: Note that we have to use absolute pressures. The absolute pressure decreases by a f&Mor of four and 
the mass of gas in the tank decreases by a factor of four. 

IDENTIFY: Apply pV - nRT to the air inside the diving bell. Th: pressure p at depth y below the surface of the 
water u p*p^+figy. 

SET Ip: />- 1013x 10' Pa. T - 300.1S K at the surface and T = 280.15 K it the depth of 13.0 m. 

EXECUTE: (u) The height i\ of the air column in the diving bell at this depth will be proportional to the volume, 
and hence inversely proportional to the pressure and proportional to the Kelvin temperature: 

L. 

p’ t P..’mT 

V = (2.30 ml___ll 0l . ? li Q : PJ >---f 280 15 K ) =0.26 m. 

<1.013-IfrPa).(1030 kg/m'1(980 m.V|(73.0 mil, 300.15 K ) 

flu: height of the water inside the diving bell is h - h' - 2.01 m . 


- 0.26 m. 
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18.57. 


18.58. 


18.59. 


18.60. 


(b) The necessary gauge pressure rs the term pgy fmm the above calculation. p tm t - 7.37 x I O' Pa.. 
EVALUATE: The gauge pressure required in part lb) is about 7 atm. 

jV p 

Identify: pV - XkT gives — - — 

Si: I LP: I aim-1013x10' Pj . r, = T, -273.15. A - 1.381 x 10'“ I molecule • K . 

Execute: (u> T t = F, -273.15 =94 K-273.15—179^ 

S p (I_5aim>il.0l3*10’ Pa'alml 




1.2*10 molcculnni ‘ 


■ AT <1.381*10 - J.'mdcculc KH94KI 


(c) For the earth, p = 1.0 aim -1.013 * 1 O' Pa ami T - 22 : C - 295 K . 

N (1.0 aimlll .013*10' IValml , e , , . . _ , . . - 

— -- - 2.5x10 nxileculct m . The atmosphere of Titan is about five times 

V <1.381x10 “ J. r molccule*KH295 K> 

denser than earth's atmosphere. 

EVALUATE: Though it is smaller than Earth and has weaker gravity at its surface Titan can maintain a dense 
atmosphere because of the very low temperature of that atmosphrre. 

IDENTIFY: For constant temperature, tfo: variation of pressure with altitude rs calculated in Example 18.4 to be 


P = Pl c ** ** • v am = 


3 RT 

~\T 


SET Up: - 9.80 mfc* . T ^ 460 : C - 733 K . M - 44.0 g/mol = 44.0 x 10 kg, mol. 

Execute: (.» a i . 44 ' 0 * 10 ' ^n*.lX0.S94X9.X0mV,l.00*10' ml 0 06326 
RT (8.314 !mol-K)(733 K) 

p - p m c ** - <92 atmv - 86 atm . The pressure is 86 Farth-atmo^i here*, or 0.94 Venus-atmospheres. 
3 RT 


l»» v* - 


> 14 J mol K X 733 K i 


- 645 m s . v has this value both at the surface and at an altitude 


M \) 44.0x10 kgi'mol 

of 1.00 km. 

Ev'ALI'ATE: depends only rei T and the molar mass of the gas. For Venus compared to earth, the surfare 

temperature, in kelvins. rs nearly a factor of three larger and th: molecular mass of the gas in the atmosphere is 
only about 50% larger, so for the Venus atmosphere is larger than it is for the Faith's atmosphere. 
Identify: pV -nRT 

SET Up: In pV - nRT wc must use the absolute pressure. 7] = 278 K . p x - 2.72 atm . - 318 K . 

Execute: it. R constant, so — - nR - constant. - — L are! 

r r t 


. ir. : 


" ■ ''(£B )" 2 - 72 “"'(SrlS - 2 m “ • ti * r, “' w 

2.94 atm - 1.02 atm - 1.92 atm . 

EvALI'ATE: Since a ratio is used, pressure can be expressed in atm. But absolute pressures must be used. The 
ratio of gauge pressures is not equal to the ratio of absolute pressures. 

IDI.M1FY: In part (a), apply pV — nRT to tbc ethane si the flask. The volume is constant once the stopcock is in 

place. In part (b) apply pV —— RT to tbc ethane at its final temperature and pressure. 

M 

SET Up: 1.50 L - 1.50x10 * m'. M =30.1x10 * kg mol. Neglect the thermal expansion of tbc flask. 

Execute: (u) ={1013x 10* Pa)<300K/380K) = B.0Dxl0 4 Pa. 

Ib , ^ Je£\u .I* 1 *- O'P.H.-M.H0 •«■■>! . k8/mDllB| . 45l , 

“ \RT,) { (8.3145 J/moI KKSOOK) ) ** * 

EVALUATE: We could also calculate m XA with p - 1.013 x 10' Pa and T - 380 K . and wc would obtain th: same 
result. Originally, before the system was warmed, the mass of ethane in the flask was 
f 1.013*10' I'al 


m = (1.45 g 


1.84 g 
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18.61. 


18.62. 


(a) IDENTIFY: Consider th: gas in one cylinder. Calculate tl>r volume to whirh this volume of gas expands when 
the pressure rs decreased fn>m (1.20x 10' Pa + 1.01 x 10* Pal - 130* 10* Pa to 1.01 x 10* Pa Apply the i<knl«ga& 
law to the two states of the s)*tcm to obtain an expression for \\ in terms of (\ and the ratio of the pressures in the 
two slates. 

SETUP: pV -nRT 

;j. R. T constant implies pV - nRT - constant, so p i V i = p*Vs. 

EXECUTE: \\ ^ \\ip .’/?.)-<1.90 m' l| J | - 24.46 m' 

The number of cylinders required to fill a 750 m balloon is 750 m‘/2446 m' = 30.7 cylinders. 

EyaUUTE: The ratio of the volume of the balloon to the volume of a cylinder is about 4CO. fewer cylinders than 
this are required because of the lar^e factor by which the gas is confessed in the cylinders. 

<l»l Identify: The upward force cm the txilloon is given by Archimedes’ principle (Chapter 14): B - weight of 
air displaced by balloon - p mk Vg. Apply Newton's 2nd law to the balloon and solve for the weight of the load that 
can be supported. Use the ideal-gas equation to find Ihc mass of the gas in the balloon. 

SET UP: The fror-body diagram for the balloon is given in Figure 18.61. 



Figure 18.61 


is the mass of the gas that is inude 
the balloon: mi is the maw of the load 
that is supported by the balloon 

Execute: = /?w f 


w l - Pj ” m i~ 

Calculate m the mass of hydrogen that occupies 750 m at I5°(’ and /> = 1.01x10* Pa 
pV - nRT - (m^ fM)RT gives 


,- P »/. g r - f l0, ‘ l0 ' Pat(750n,M202 -" 1 m , h , 

(S.314S J.'mal KW288 K1 


Then oi, - (1.23 kg'm' 1(750 m‘)-63.9 kg - 859 kg. and the Height that can be suftionted u 
w, -m,s = (859 kgM9.80 mV); 8420 N. 

(«) "l - P.. v ~ 

~ pVMfRT = (63.9 kg*(4.00 g'molV(2.02 g.’innlX - 1265 kg (using the results of part I b». 
Then »i, =(1.23 kg/m‘)<750 m')-1265 kg - 796 kg. 
if, = Mi, x =(796 kgW9.80 mi*) = 7800 N. 


Evaluate: a greater weight can be supported when hydrogen is used because its density is less. 

IDENTIFY: The upward tone exerted by the gas on the pistcei must equal the piston's weight. Use pV - nRT to 
calculate the volume of the gas. and from this th: height of the column of gas in the cylinder. 

Sir IP: F - pA= p.rr' . with r = 0.100 maud p = 1.00 atm - 1 .0 13 < I O' Pa . For Ihc cy I irukr. V - ar‘h . 


.._ , , . pxr‘ (1.013x10' Pa).T(0.l(l0ml J ,, e . 

EXICVTE; (u) pxr - »ir and m - - -325 kg . 

v 9.SQ mV 


,|,» V - — 2 Sll|lt ' : ' <!l) "'.'' |:k! 433.10 

/> 1.013x10' Pa 


. Y 4.33x10 m‘ 

h -- s S m . 


*r* ^fOToOm? 


Evaluate: The calculation assumes a vacuum (p - 0| in the lank above the piston. 
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18.63. 


IDENTIFY: Apply Bernoulli's equation to relate the efflux speed of water exit the hi>sc to the height of water in 
the tank and the pressure of the air above the water in the tank. Use the ideal-gas equation to relate the volume of 
the air in the tank to the pressure of the air. 

(a) SET Uf: Points 1 and 2 arc shown in Figure 18.63. 

A 



p, =4.20x10* Pd 
p, = p_ =1.00x10’ Pd 
large tank implies v, * C 


Figure 18.63 

Execute: />, -* pgy x + ^ = p t * pg\\ - +ptj 
-P' l ~P.~ P: * P&y, - >•} ) 

V; = JWpKp. - ft ) <■ 2g(.i, - >-,) 

\\ = 26.2 m s 
(b) h ^ 3.1X1 m 

The volume of the air xn the tank increases so its pressure decreases. pV - nRT - constant, so pY - pf\ (/?, it 
the pressure fee - 3.50 m and p is the pressure for k - 3.X1 ml 
/>r4.C0 m - h)A = ^(d.OO m - ^)/J 

l^^| = < 4.20x.O‘Pn/ 400 '"- 3 - 50m ' 


4.00 m - ft 


2 10x|0 Pa 


4.00 m - 3.00 m 


Repeat the cakulation of part (a), but now /> - 2.10 x 10*' Pa aixl y\ - 3.00 m. 

y ; £ - ft I' 2*1 v . - V,) 


Vs -16.1 m*'s 

■ 2.00 m 

fa^Om-Zvi 

4.00m 

i, = 7[2'^Mp. - ft I' 2 K <,', - y,> 
». = S.44 m* 


^-j = <4.20xl0’ Pdlj 


4.00m-3.50m ; = l os<|0 , pa 
4.00 m - 2.CKI m 


(c> v, = 0 mcam (2//>Xp,-p.)--2*0,- »,) = 0 

PrP-‘-pgi>\-y,) 

Yi~Xi = A-1.00 m 

< 0.50 m J #<vn _ 7 0.50 m \ . 

« - o'- - (4.20 x 10 Pa l - This is p r so 

' "U.00m -h) A 4.00m-A .* * 

(4.20x10' Pa)! 1 ' -1.00x10* Pa -(9.80 ms*XI«i0 kgm'Xl.OO m-/i) 

V 4.00 m-6 J 

(210/(400 - A)) -10)0 - 9.80 - 9.806. with h in meters. 

210^(4.00-6X109.8-9.80/1) 

MOfc*-1496 *229.2 = 0 and A* -15.20/1 + 23.39 ^ 0 

quadratic formula: h - 15201 N i< 15.20)*' - 4(23.39) J ^ (7.60 ± 5.86) m 

h must be less than 4.00 m. so the only acceptable value is h - 7.60 m - 5.86 m - 1.74 in 

Evaluate: The flow stops when p + pg(}\ - Vj) equals air pressure. For 6 - 1.74 m, p- 9.3x10* Pa and 

p% O' ->'.( - 0.7 x I0 4 Pa. so p + p%(\\ - j\) - I .Ox 10' Pa. which is air pressure. 
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18.64. 


18.65. 


18.66. 


18.67. 


iDFAim: Use the ideal gat law to find Ibc number of moles of air taken m with each breath and from this 
calcuUtc the number of oxygen molecules taken in. Then find the pressure at an eievat km of 2CN30 m and rcfvat the 
calcuhtion. 

SET UP: The number of molecules in a mole is \\ - 6.022 x 10* ‘ molccuks 'mol. R - 0.1X8206 L atm mol K . 
Example 18.4 shows that the pressure variatKin with altitude )', when constant temperature is assumed, is 
p - p,e '*** kJ . Tor air. .1/ = 2S.8 x 10 1 kg mol. 

(1.00 atmHO.50 L> 


Execute: (u> by - «RT civet n - — -:——-:-- o.o’os mol. 

Rt (0.OS2O6L alinmoJ KM205.I5K1 

N = (0.2101/rV, -(0.2I0H0.02OS mol« 6.022x 10*’ mokculcimoll - 2.63x 10 1 molecula . 

|b> A* J2K.S„Q ' k^,nxil >9.S0 nt'< ! K 2000 m i ^ u.. QTp<n 

RT <8.314 J,'mol KX293.IS K) 

V is proportional to n. which is in turn proportional to n. so 


3.793 atm 

LOO atm 


(2.63x10** molecules)-2.09xl0* M molecules 


(c> Less 0» is taken in with each breath at the higher altitude, so the person must take more breaths per minute. 
EVALUATE: A given volume of gas contains fewer molecules when the pressure is lowered and the temperature 
is kept constant. 

Idem in and s*:r Up: Apply Eq.( 18.21 to find n and then use Avogadro'x numkr to find the number of molecules. 
EXECUTE: Calculate the number of water molecules *V. 

Number of moles: ;j - -Z- --——- 2.778 x 10* mol 

M 18.0x10 kg mol 

jV*nJV A =(2.778x10* molX6.022x I0 : * mofccules/moll - 1.7x 10* molecules 
Each water molecule has three atoms. so the number of atoms is 3< 1.7 x 10* ) - 5.1 x 10* atoms 
Evaluate: Wc could alio use the masses in Example 18.5 to find the mass m of oca: 11,0 molecule: 
m - 2.99x10* kg. Then /m =1.7x10” molecules, whichchecks. 

IDENTIFY: pV - nRT - -—RT . Deviations will be noticeable when the volume Lot’a molecule is on the order 

of 1% of tlx volume of gas that contains one molecule. 

SET Up: The volume of a sphere of radius r is V - —;rr • 

Execute: The volume of gas per molecule is and the volun*? of a molecule is about 

"a P 


•;-i.»(2.0xl0 ”m)' -3.4x10 




Denoting the ratio of these volumes as f 
18.3145 J/mol KK300K) 


p= f—-f - J "' M "!!■—*-= (1.2x11/ Pa)/. 

‘ N V (6.023*10* molecule/mol)(3.4xl0 m ) 


“Noticeable deviations" is a subjective term, but/on the order of 1.0% gives a pressure of 11/ Pa. 
EVALUATE: The forces between molecules also cause deviations from ideal gas behavior. 

IDENTIFY: Eq.l 18.16) savs that the average translational kinetic energy of ca:h molecule is equal to -XT . 


i 




SETUP: A -1.381x10 J/molecule K 

Execute: (a) iwl v* depends only on T and both gases have the san>: J”. so both mokcules have tlx same 
average translational kinetic energy. v tmt is proportional to w 1 J , so tlx lighter molecules, A % have the greater . 
(h) The temperature of gas ti would need to be raised. 

|c) JE - ^ - cooiUil. » L-mL.. r .fatlr = f ?- 34 » IO * k * 1,283. 15 K) - 4.53- 10* K- 42SO*C . 

V m lu ». ", ' t-J* 1,3.34x10 Igj 

(d) Tj > T a so the & molecules have greater translational kinetic energy per molecule. 

EVALUATE: In -2AT and v - }- -the temperature T must be in kclvins. 
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18 . 68 . 


18 . 69 . 


18 . 70 . 


18 . 71 . 


iDKXnFV: The equations derived in the subsection C ollisions between Molecules in Section 18.3 can he applied 
to the bee* Th: average distance a bee travels between collisions is th: ire .in free path. A . The average txnx 

d.\ 1 

between collisions is the mean tree time. . The number of collisions per second is- 

di t _ 

SETUP: V = (1.25 m)* = 1.95m'. r ^ 0.750x 10° m. v= 1.10 m's . A’= 2500. 

Execute: <u> A - -L- ---1-—-- 0.780 m - 7S.0 cm 

4t J2r m N 4*^2(0.750x10 * m)‘(2500) 


_ A 0.780 m 

[b> A = \t . so t = — =- 

v 1.10 mi 


- 0.709 s. 


t d\' 1 1 

[c> —=-=- 

dt t Q.7Q9 s 


1.41 collisions s 


Evaluate: The calculation is valid only if the motion of each bee is random 
iDEVlitY: Apply the iteration procedure that is described in the problem. 

SETUP: Let *=J|/E . T = 400.15 K. 

EXECUTE: U> Dividing both sides of I:q.( 18.7) by the product /?7T gives the result. 

(b) Tlie algorithm described is best implemented on a programmable calculator or computer; for a calculator, the 
numerical procedure is an iteration of 

„ r <0448. d |,-, 439 „o-, )j [ 

(8J145K400.15> (8.3145X400.IS) J L 

Starting at x - 0 gives a fixed point at x - 3.03 x lO^ alter four iterations. The number density is 
3.03xl0 J mol/m*. 

(c> Tlie ideal-gas equation is the result after the first iteration. 295mol/m‘. 

EVALUATE: The van der Waals density is larger. The term corrcspceiding to a represents the attraction of the 
molecules, and hence nuwc molecules will be in a given volume for a given pressure. 

IDENTIFY: Calculate and use conservation of energy to relate tlie initial speed of the molecules (r. -A l *o tlie 
maximum height they reach. 

SET Up: T - 298.15 K . .1/ = 28.0x 10' 1 ku mol. 


Execute: x - 



T/er 13(8.314 Jmd KK298.l5 Ki 


28 . 0 x 10 * ki mol 


-515 m's . (‘emservation of energy gives 


lmx : - mg}' and v = -11 — - 1.02 x 10 * m - 102 km 

• ~ 2* 2(1.30 ins*) 

Evaluate: The result does not deprnd on tlie amount of gas in the canister. 

IDENTIFY: The mass of one molecule is the molar miss. .1/. divided by the number of molecules in a mole. *V % . 
Tlie average translations! kinetic energy of a single molecule is - -47*. Use pY - SkT to calculate ;V, 

the number of molecules. 

SETUP: *-1.3*1x10'" J'moleculc-K. A/- 28.0.10 ’ kg mol. T - 295.15 K . The volume of the balloon n 
V = i.r(0.250 m)* - 0.0654 m*. p - 1.25 am - 1.27x10' Pa . 

Execute: **««**+* , 4 * 3 . 10 " ^ 

j 6 . 022 x 10 moleculcs’mol 

|b) = ikT = 4(1-381 x 10 _1> J molecule KX295.15 K) - 6.1 1x10 *' J 

(c> N-EL, _ W***1L1 _ 2.04.10- motccuk, 

kT (1.381x10 J. molecule KK295.15K l 

(<0 Tlie total average translatxmal kinetic energy is 

iV(4»i(t ; >,I-(2.04«10 1 ' mokculc»K6.1lxlO JI Jmolccufc)^ 1.25x10* J. 


Evaluate: The number of males is ;t- 


2.04x10* molecules 

5.022 x 10 ' nxdccukv mol 


-3.39 mol. 


K t = -n/?7* --<3.39 mol N 8.314 J.mol KM295.I5 K)-1.25* 10* J . which agrees with our results in part (d). 




18.72. 


18.73. 


18.74. 
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IDENTIFY: U - mgy . Tb: mi« of one molecule is m - A 4fS\ . A',. - IkT . 

Si:r UP: Let y - Oat the surfarc ofthe earth and A - 400 m . jV a - 6.023x 10-'* molecules moland 

k - I.38xl0 : ‘ l/K. 15.Q e C^288K. 


A/ 

Execute: (a> u * mgA —— 


(b) Setting IS » ^AT, 7*-^ 


28 . 0 x 10 ‘ kyraol 
6.023 x 10' molccukx mol 


(9.S0 ntfs 1 )l400 m) - 1.82x10"“ J. 


1.82 x ID “ i 


8.80 X 


.38x10 * JX 

Evaluate: <c) The average kinetic energy at 15.0°C is much larger thjn the increase in gravitational potential 
energy, so it is energetically possible for a molecule to rise to this height. Hut Example 18.8 shows that the mean 
free path will be very nueh less than this and a molecule will undergo many collisions as it rises. These numerous 
collisions transfer kinetic energy between molecules and nuke it highly unlikely that a given molecule can have 
very much of its translational kirxlic energy converted to gravitational potential energy. 

I DEN I1FY and SET L’P: At equilibrium F(r) - 0. The work done to increase tb: separation from to vs is 

(■) E'Klll: r.'«^)-C'.[(«..r)' J -HR, .'»)*] 

F.q.(13.26» r<r)- 12(L , |1 ‘ « l )[lff, ir)’]. The graph* are given in Figure 18.73. 

L r 




figure 18.73 


<b|equilibrium requires /* - 0 : occurs at point jj. r is where U is a minimum lstable equilibrium!. 
<e► U -0 implies [</?,.' r|" - 2 </< l . l r)‘J - 0 
(r,/^)*=IV2 and r t - ft,•<2)' ‘ 

F-0 implies -(/?,/>)'] =0 

(r ; /A.)*-! ai>d r t -R, 

Then r l /r ! =(R il /2")/R, = r" 


(d)H^=AI/ 

Al r-*v, U^0. «. »• = -VI - -V, [(«, ■' R, f - 2(R. /«,)* ] = -tV, 

EVALUATE: ne answer to part (d). U 4 > is the depth of the potential wdl shown in the graph of U (r>. 
Identify: Use pV - ;i RT to calculate the number of moles, n. Then K % - ±aRT . The mass of the gas. m iA . is 
given by i* lA - nSi . 

SKI Up: 5.00 L -SOOx 10 ' m‘ 

.. .. P V 11.01x10'PaK5.00«l0 ' m‘l „ , 

EXECUTE: (u) n - --0.2025 mote*. 

RT (8.314 Ji'mol K*300 K| 

A', -4(0.2025 mol 1(8.314 I mil K«300 K| - 758 3 . 

(h) -n.U -(0.2025 mol|(2.016-10 ‘ kg mull - 4.08 - 10 1 kg . The kinetic energy doe to Ibc .peed of the Jet 
it K - ~mv : - 4(4.08-10^ kgW300.0 mi) ! - 18.4 1 . The ti<al kinclie energy it 


A'., - A' » A', i IH.4 J » 758 J - 776 J . The percentage mcrcate u — -100% ^ -100K ^ 2.37%. 

K %a 776 J 

(c) No. Tb: temperature is associated with the random trjnslaticoial motion, and that hasn't changed 
Evaluate: Eq.(18.l3) gives K u -2(1.01x10* PatfSOOxlO 1 m‘)- 758 J. which agrees with our result 

in part (a). i l-4 - - - l.93x 10* m's . is a lot larger than the speed of the JcL so the percentage increase in 

the total kineta; energy, calculated in part <b). k small. 
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75. IDI-N nfY and SET L‘P: Apply Eq.(18.l9) for v imt . The equation preceding Eq.(l8.l2) relates and (v 4 ) rt _. 
Execute: u> v - Jirtjm 


V s W145ltort-KX300K), 5|7|nftt 
•" \ 28 . 0 x 10 kg'mol 

<b> <>?). =4(>-», *> ^77)7 = - (*V5)«S17 m''*) = 298 m 1 * 

EVALUATE: The ;pccd of sound is appcxwimutely equal to {v t ) #-# since it is the motion along the direction of 
propagation of the wave that transmits the wave. 

GIF 

76. Identify: -J- 

SKI Ip: A/=1.99-10* kg, K-6.96-10' manil G-6.673-10 " Nm-.Vg'. 

.. . . /Sf /3(1.38x10 "J/K) (5800 K) , . , 

EXECUTE: (a) v -,-I-1—--- .20x 10* m/i. 

V« \ (1.67-10 kg) 

lb) v 


• 1*6.67^0 - 6 . 18 x 10 ' m/v 

—* \ K y (6.96xltf m) ’ 

EVALUATE: (c) The escape speed is about 50 times the rms speed, and any of Figure 18.23 in the textbook. 

Fq.< 18.32) or Table (18.21 will indicate that there is a negligibly small fraction of molecules with the escape speed. 
77. (a) IDENTIFY* and SET Up: Apply conservation of energy A, +U l r W Am - A, + (/*, where 6’ = tr. Let 

poont 1 be at th: surface of the planet, where the projectile is launched, and let point 2 be far from the earth. Just 
barely escapes says v\ - 0 . 

EXECUTE: Only gravity* does work says - 0. 

£/, - r. -*x> so L\ -0; v\ - 0 so A> - 0. 

The conservation of energy equation becomes A', - Gmm^t R f -0 arxl A, = Gmm^/R p . 

Hut g - Gn^, i so Gm 9 )- R t g and A, as wjs to he shown. 

EVALUATE: The greater gR t is the more initial kinetic energy is required for cscap:. 

<b) IDENTIFY and SET Up: Set A, from part la) equal to the average kinetic energy of a molecule as given by 
I:q.( 18.16). <from part (a» But also, = so in gR p -$kT 

2mgR f 


EXECUTE: / - 


M 


nitrogen 

d» v - (280-10 1 kg moll(6.022x IO• nwleculct'mol)-465-10 ” kg/mol«uIe 
2(4.65x10'” kg'mo4ccule)(9.80 mi’K*>3Kx 10* m) 

~~t 3(1.381-10 ' I molecule KI 

hydrogen 

m u -(2.02-10 ' kg moll (6.022-10” molecule* mol) = 3.354x 10"” kgmolccule 
2(3.354-10 -" ku molecuVe]<9.80 mV)(6.3Sx10'' m) 


l - 


U 


3(1381-10 J/moleculc- Kl 


1.01*10’ K 


34 


(c> 7,. 
nitrogen 

2(4.65x10 ” ksrnokculc)(l.63 mV'MI ’4-10'm) 

/ ■ 6730 K 

3(1.381x10" J molecule K> 

hydrogen 

_ 2(3.354-10kg molecule M.1.63 rolr'MI.74 x 10* m) „ 

/ — ■ ' ■ ■ ■ ■ ' ' .I,— k 

3(1.381 x 10 *' J/mnlecule K) 

(d) EVALUATE: The "escape temperatures" arc much less for the moon than for the earth. For the moon a larger 
fraction of the molecule* at a given tenqieraturc will have speeds m the Maxwell-Boltzmann distribution larger 
than the cscap: sp>xl. After the king time most of th: molecules will have escaped from the moot. 
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18.78. 


18.79. 



IDENIIFY: V - 



SET UP: A/ m = 2.02x| 0 1 kg'nwl. .!/> =32.0x10 ' kg'mol. For Earth, A/ = 5.97x10* kg and 

rt - 6.38 x I0‘ m . For Jupiter. .1/ - l.90x 10*’ kg are! R - 6.91 x 10 m F»>r a sphere. A/ - f*' - . The 


escape speed is v . 



Execute: (B)Jupilcr: v._ - ^3(8.314SJ.'ntol - KK140Kl/<2.02 -10 'kg: mol) -1..11-]<)'m/' . 
v,.., - 6.06-10* ml. v_- 0.022 . 

Ilarih: ^ - ^JiK.JUSJ'mol KX220K)/(2.(>2xlO ’kg/mol) -1.65-10' m/i. -1.12-10* ml. 

(l>I f scape from Jupiter is not likely for any molecule, while escape from earth is much more probable. 

(c> v mm - ^3(S.3145J;nu>l KH2(XlK»/(32.0x 10 'kg/mol) - 395m/s. The radius of the asteroid is 
R - (3A//4*p> 4 - 4.6Sx loSn. and the escape speed ts - JlGMjR - 542 m/s . Over tim: tS: 0 2 
molecules would essentially all escape and there can be no such atmosphere. 

EVALUATE: As figure 18.23 in the textbook shows, there are some molecules in the velocity distribution that 
have speeds greater than \\ t ^. But as the speed increases above v.^thc number with speeds in that range 
decreases 

IDENTIFY: »• = .i—— The nunfoer of molecules in an object of miss m is .V - «A’ = — AT- . 

v m M 


SET UP: The volume of a sphere of radius r is V - —zr . 


„ 3kT 3<1.381x|0 J.KM3tXIK| t 

Execute: (uiw-— -.- l.24xio ku. 

vi. lO.OOlOm/s)* 

(h> =(1.24x10 M kgH6023xlO ?i inolcculcs,nnoll/(180xlO * kg/mol) 

A r -4.16* 10" molecules. 


(c> Tlie diameter is D - 2/ 


21 ill 

4.7 


2 Mp 

4,7 


3(1.24x10 


4.t( 920 ke rn 


/m l j 


2.95 x 10 % m which is too small 


to see. 

Evaluate: v m * decreases as m increases. 

IDENTIFY: For a simple harmonic oscillator, x = AcutaX and v. = -loAunt* . with tv - Jk>m . 

SET UP: The average value of cos(2xuf)ovcr ocx period is zero, so (sin* ctx) d . = (cos* -«£ . 

Execute: x- Aca%tx . v t = -mA sin (t* . = 4X^*<cas‘<w>,., =4"»^'-4 J (sin ; . Using 

(sin* r<*= (cch 1 tui} St =4* and iW -X shows that K t , - . 

EVALUATE: In general, at any given instant of time U * K . It is only the values averaged over ooc period thit 
arc equal. 

I DEN I IF Y : Tlie cquipirtition principle says that each atom lias an average kiixtic energy of ±kT for each degree 
of freedom. There is an equal average potential energy. 

SET L'P: The atoms in a three dimensional solid have three degrees of freedom and the atoms in a two- 
dimensional solid hav e two degrees of freedom. 

EXECUTE: (u) In the same manner that FqX 1828) was obtained, the heat caparity of the two'dimrnsxinal solid 
would be 2 R = 16.6 J. mol • K . 

< l» > Tlie heat capacity would behave qualitatively like those in figure 1S.21 in the textbook, and the heat capxcitv 
would decrease with decreasing temperature. 

EVALUATE: At very low* temperatures the cquipartition theorem doesn’t apply. Most of the atoms remain in their 
lowest energy slates because the next higher energy level is not arccxsrtilc. 
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18 . 82 . 


18 . 83 . 


18 . 84 . 


18 . 85 . 


18 . 86 . 


I DEN I1IV: The cquipirtition prirxiplc sa)’s that each molccuk ha* average kinetic energy of ^kT for each degree 
of freedom / - 2 nt{L» 2 y . where /. i* the distance between the two atom* in the molecule. AT fc4 -4/n»’ . 

Si:r UP: The mis* of one atom is «i - \1fN A -(16.0x10 1 kgmol>.'(6.02xl0 :; mokcules. mol>- 2.66x10 kg. 
EXECUTE: (a) The two degrees of freedom associated with the rotation for a diatomic molecule account for two- 
lifthi of the lolal kinetic crerpy. to K u - nRT - (1.00 mol)(R.J145 J/mol KKMO K| - 249« 10* J . 

Cb> / - 2m< Lf2)‘ = 2 |- — -' — ** "*'' -I (6.05x 10 " ml’ ^ 1 .94x 10 - kg m' 

1 [ 6.023 x 10- molecule* /mol J ? 

(cl Since the result in part <b) is for one mole, the rotational kinetic energy fee oik atom i* K 4 / A r ^ and 

212.49x10' J) 


-- 




11.94 X10 4 * kg m* 1(6.023* 10‘‘ molecules mol> 


- 6.52 x 10 rad/s. This is much larger 


C other thin from vibration i* 2>R - 20.79 J/mol K and 


than the tvpocal value for a piece of routing machinery. 

Evaluate: The average routional perx»d. T -for molecules i* very short. 

iDLN I1FV: C, - iV( 4J? |. where jV is the number of degrees of freedam. 

SET UP: There are three translational degree* of freedom. 

EXECUTE: For CO** N - 5 and the contribution 
C, -jR - 0.270 C, . So 27% of C, is due to vibration. For both SO, and 1US, iV - 6 and the contribution to C, 
otto than from vtfiraticei is 4^ - 24.94 J mol - K . The respective traction* of C, from vibration are 21% and 3.9%. 
EVALUATE: The vibrational contribution is much less for II .S. In IIS the vibrational energy steps are Larger 

because the two hydrogen atoms have small mas* and to - Jk / in . 

IDBVIIFY: Evaluate the integral, as specified xn the problem. 

SET Up: Use the integral formula given in Problem 18.S5. with a-u i2 V . 

m 


LXEC LTL: 


u» f }»V" *\A =4 .t( 


2.TAT; V‘H"/2l:n;V'w/2Ar 
Evaluate: <b) /(v)dv IS the probability that a particle has speed between v and v + dr; the probability that the 
particle h« some speed is unity, *o the sum l integral l of /(r tdr must be 1 . 

IDENTIFY and SET UP: Evaluate the integral in Eq.( 18.31) as specified in the problem 
Execute: J »•*/(*•) dv ^ 4x(m/2xkT) 11 J iV f/ ** dr 

The integral formula with /i - 2 gives J^ vYdr - (3/&j J )>fjz?a 

Apply with a - m.'2AT. J V/(r) dr* = Ax{ndlxkTf >(3/8)(2AJ7m)V2**n« -= (m%2kT/m) UTtm 

EVALUATE: Equation (18.16) say* T wl v ’ )„ - 3 kTi 2. so <»•*),. - JkTtm. in agreement with our calculation 
iDDmVY: Follow the procedure specified in the problem. 

SET Up: If v 3 - a* . then dr - 2idr . 

Execute: J»/(v)dr = 4 t| t ^— ; JvY ** ^ J dr. 
v\dr - ( 1 ' 2 )a dv. and the integral becomes 


Maxine the sugeested change of variable, r* - a. 2rdr - dr* 




which is Eq. (IS.35). 

Evaluate: TTic integral fi/(v)dvis the definition of r 
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18 . 87 . 


18 . 88 . 


18 . 89 . 


18 . 90 . 


18 . 91 . 


IDENTIFY: f(v)dv rs the probability that a particle has a speed between »* and v* dv . Eq.( 18.32) gives /(v) . 
is given by Eq.< 18.34). 

Si:r UP: For 0 ; ., Ibe mass of one molecule is m - A/ N K - 5.32 x 10 kg. 

EXECUTE: (a) /(v'Wv is the frariion of the particles that have speed tn the range from v to v+ dv . The number 
of particles with speeds between v and v + tfr is therefore rf.V - KfW\dx and AiV - iV I fWUiv. 


|b) Selling v-v 


-J ? 1 


M.l gixvs /(v .,)-iz —— -«’■ 




2kT\ 


r a 7ZZ 


For oxygen gas at 300 


= 3.95 x 10* mi* and /(v)Av = 0.0421. 

(c) Increasing v by a factor of 7 changes f by a factor of 7 V*\ and/ (v)Av = 2.94 x 10 

(cl) Multiplying the temperature by a factor of 2 increases the most probable speed by a factor of ^2, and the 

answers are decreased by Jl: 0.0297 and 2.0S x 10 

|e) Similarly, when the teirqvcraturc is one half what it was parts lb) and (c), the fractions increase by 
yfl to 0.0595 and 4.15* 10 

EVALUATE: (f) At lower temperatures, the dixtrftution is more sharply peaked about the maximum (the most 
probable speed), as is shown xn Figure 18.23a in the textbook. 

IDENTIFY: Apply the definition of relative humidity given xn the problem. pY - )\RT - —RT . 

. 1 / 

SKI t’P: A/ = 18.0*10 ' kg mill . 

EXECUTE: (u> The ptesnirc due to water vjjiw i% (0.60»2.J4* 10' Pal - 1.40 -10' Pa. 

AM' (18.0*10 'lts.'molHI.40x 10‘ PaMI.OOm ) 

(HI m, d --10 u 

RT (8.3145 J/mol KH293.15 K) 

Evaluate: The vapor pressure of water vapor at this temperature is much less than the total atnxisphenc 
pressure of 1.0 x|0' Pa 

IDENTIFY: The measurement gives the dew point. Relative humidity is defined in Problem 18.SK. 

SKI Ip: relate humuhty - p;fl,,jl |niwlt: olwalcr ,api< * '""I*""" 1 

vapor pressure o! water at temperature T 

EXECUTE: The experiment show's that the dew point is 16.0°C, so the partial pressure of water vapor at 30.0®C 
is equal to the vapor pressure at 16.0 : C winch is 1.81x10' Pa. 

Thus the relative humiditv i-H— - — - 0.426 - 42.6%. 

4.25x|0* Pa 

Evaluate: The lower the dew point is compared to the air temperature, the smaller the relative humidity. 
IDF.MIFA: Use Ihc definition of relative humidity in Problem I8.SK and the vapor pressure table in 
Problem 18.89. 

SET Up: At 28.0°C Ihc vapor pressure of water is 3.78x10* Pa . 

EXECUTE: For a relative humidity of 35% the partial pressure of water vapor is 

(0.35x3.78 x 10 ; Pa)= 1.323x10' Pa This is dose to the vapor pressure at 12°C which would be at an altitude 
(30 : C - I2°C)/<0.6 0 C/100 m) = 3 km above the ground. For a relative humidity of 80%, the vapor pressure will be 
the same as the water pressure at around 24 : C, corresponding to an altitude of about I km. 

Evaluate: Clouds form at a lower height when the relative humiditv at the surface is larger. 


I DIN I1F\: Eiq.f 18.21) gives the mean free ruth A . In Eq.f 1S.20) use r - 



in place of v. 


pY = nRT = SkT . The escape speed is i 


2(#Af 


8»:r Up: For atomic hydrogen. .1/ - I.OOS* 10 1 kg mol. 

Execute: (u> From Eq.i 18.21). * - (4x-/2r , (A/»’)) ‘ - (4*j2<5.0x 10 " m)’(S0*10'm *)) ‘ - 4.5* I0 1 
(h) v„ - jlRTTM - J5IS.3I45 I /mol-KX20K)/|1.008x10 ' kg/mol| = 703 m/s. and the time belween 
collisions is then (4.5x 10“ m)/(703 m/%) - 6.4x!(/ %. about 20 >t. Collisions are not very important. 

(c) p = (S/Y)kT = (50/10x10 * m l )(1.3Slx 10* Ji J/KM20K) -1.4 x 10 M Pa. 


a 
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18.92. 


18.93. 




Id) v„„ 

v„.,, - JiS.T'5M6.673xl(l " N m ; kg')50'10" m')U.<i7-10-' ku)fl0x9.46> 10" m> ; 
v r , r - 650 m/s. This is lower than r 1-# and the cloud would tend to evaporate. 

(e) In equilibrium (clearly not thermal equilibrium!, the pressure* will be the some: from pV - XiT. 

and the result folkiwx. 

|f) With the result of part (e> 

more than three times the terrqicraturc of the sun. Tliis indicates a high average kinetic energy, but the thannrss of 
the ISM means that a ship would not bum up. 

EVALUATE: The temperature of a gas h determine! by the average kinetic cixrgy per atom of the gas. The 
energy density for the gis also depends on the number of atoms per unit volun*:. and this is very small fee tl>: ISM 
iDf.MlH: Follow the procedure of Fxamp&e 18.4. but use T - 7*, - ay. 

SET UP: Inf 1 * .v) a* x when r is very small. 


Execute: (u) ^ whxh m this ease becomes — — —-111—li-— 

dv RT p R T-ay 


This integrate* to 


ln| — I _^!Lln| I——I 


A ) 


,-sr. 




(b) For suffioently small ln<I - ^1-) * ”T“- am lthis S*'^ the expression drrivvd in Exairfilc 18.4. 

r. 


5.6576 and 


H) 6 *10 C" mH8S63 m! ftg|C1 A/g |2S> ^ 10 »19.M) :r. s' t 

(288K) ) ' Ra (8J145Xhnol -KH0.6xl0 * CVm) 

p u (0.8154)*** # * - 0.315 atm. which is 0.95 of the result found in Example 18.4. 

Evaluate: The pressure is calculated to decrease more rapidly with altitude when we assunx that T also 
decreases with altitude. 

IDENTIFY and 5v*:r L’P: Th: behavior of isotherms for a real gas above and below the critical point are shown in 
Figure 18.7 in the textbook 

EXECUTE: (u) A positive slope --j*. would mean that an increase in pressure causes an increase in volume, or 

that decreasing volume results in a decrease in pressure, which cannot be the case for any real gas. 

(b) See Figure IS.7 in tfo: textbook. From part (a), p cannot have a positive slop: along an isotherm, and so can 


have no extremes (maxima or minima! along an isotherm. When vanishes alone an isotherm, the point on the 




3‘P . 


curve in a p-l diagram must be an inflection point, and -0 . 


(C» p - 


'HI an’ cp 


nKT 2 an‘ S’d 2 /iRT 6an‘ 


V-nb V BV~ O'-nby I" ' 7F (I'-nbl 


Setting the last two of these equal 


zero gives V l nRT = 2an\V-nb) 1 and V*nKT = la* i iV-nb't. 

Id) Following the hint. V - (3/2X1' -«6>. which is solved for {Vfn) t - 36. Substituting this into either of the last 
two expression* in part (c) gives -So/27/?6. 

RT a /?(&i. r 27i?6) _ a a 

|F n) -6 (l ./i) 26 W 2T6 7 






(8(7/276) K 


|f) A <• /">. (a/UffU 3 
IS) IL:3.28. Ns:3.44. 11,0:4.35. 

EVALUATE: (h) W hile all are close to K i '3. the agreement is not good enough to be useful in predicting critical 
poant data TT»e van dcr Waals eqiution models certain gases, and is not accurate for substances near critical points. 
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18.94. 


I DEVnn mil Si. I l P: For V panic let. v 




v - 


N 



EXECUTE: (u» v. = r<>, -• I .). >„ ^ and 

‘i. - - 3'vf + W)- + 2i\v ,) = i(.f 2v,v.) = !(., -vj 

This shows tbit \\ BA 2 v^, with equality bonding if and ceily if lb: particles have tbc tame speeds. 
|b> v m 3 m - —i—f.V>^ -f - —^t<*Vv^ t u), and the given fonra follow immediately. 

fc> The algebra is umilar to that in part (a); it helps somewhat to express 


•v * i: 


(.Vr(iV- tl)-l)t J +2iVr u + ((iV + l)-.V)ir J ) . 


v I - -_ iV - -<-v‘ » 2 v II -u 1 )-.— 

' A 1 * I * (V * I). V 


Then. 

v!i -»•? 




(.V + l) 

this difference is necessarily powlive. and > v',. 

(d> The result hat been shown for V* - I. and it hat been shown tbit validity for N implies validity for *V + |; by 


induction, the result it true for all iV. 

EVALUATE: v m > r because r ^ gives more weight to particles that have greater speed 
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19.1. (a) IDENTIFY and SF.T Up: The pressure is constant and tlic volume increases.. 

P 

J , The p I*diagram is 

• > • sketched in Figure 19.1 

•-V 

Figure 19.1 

(b)H'-J [pdV 

Since p is constant. IF - pj dV - p( I'j -K,) 

The problem gives 7* rather than p and F, so use the ideal gas law to rewrite the expression for IF. 

EXECUTE: pV - nRT so pV - nRT l% p i y i - nRT t ; subtracting the two equations gives 

plVi-V^HRiTt-n 

Thus IF - nR\T> -7]) is an alternative expression for the work in a constant pressure pnxess for an ideal gas. 
Then W - nR<T } -Tj = 12.00 molXS.3145 J.'rool KKI07*C - 2? : C) = *1330 J 
Evaluate: The gas expands when heated and dees positive work. 

19.2. IDENTIFY: At constant pressure. W - p&V - nR\T. 

SET UP: R - 8.3145 Xmol K. AT has the same numerical value in kclvins and in C 3 . 

Execute: -—- 1 'V, l'* / —T-77--35.I K. at. ^a r and r, ^27.o c c*35.i°c^62.i : c. 

n R (6 mol) (8.3145 i/mol - K) K c 1 

Evaluate: WTien IF > 0 the gas expands. When p is constant and V increases. T increases. 

1 9.3. Identify : Exairgdc 1 9. 1 shows that for an isothermal process IF -nRT ln( p x / p > >. p V - nRT says V decreases 
whcn/> increases and 7*is constant. 

SETUP: T ^358.15 K 

EXECUTE: I a) The /if-diagram is sketched in Figure 19.3. 

<b) IF ^(2 00 molXS.314 J mol K)(358.I5 K)fci| -p- J - -6540 J. 

Evaluate: Since V decreases. IF is negative. 



Figure 19 J 


19.4. 1DF.N HFN: Use the expression for IF that is ^lpropnatc to this type of process. 

SET UP: The volume is constant. 

EXECUTE: (u) The pV diagram is given in Figure 19.4. 

<b» Since AF = 0. IF^O. 

19-1 
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Evaluate: Foe any constant volume process the work done is zero. 

P 


V 

19.5. Identify: Example 19. 1 shows that foe an isothermal process W - oft fin) A/ft) Solve for p . 

S»:r UP: For a compression ( V decreases) W is negative, so W = -518 J. T = 295.15 K. 

Execute: (.} _!L=bi(*A _ 5 JH _ 

nRT ; p i J p 1 nRT (0.305 roolXS.314 J mol KM295.15 K) 

p t = ptf? ur =(1.76 atmV^** 1 >0.881 atm. 

(b) In the process the pressure increases and the volum: decreases. The/>I'-diagram is skdehed in Figure 19.5. 
EVALUATE: IFis the work done by the gas. so when the surroundings do work on the gas. W is negative. 

y 


- \ 

Figure 19.5 

19.6. (a) IDENTIFY and Sn Ur: ThepF-diagram is sketched in Figure 19.6. 



(b) Calculate IF for each process, using the expression 6>r IF that applies to th: specific type of process. 

EXT.C i TE: I ->2. AF = 0. so W = 0 
2 -t 3 

p rs constant; so IF - p AF - (5.00 x 10* Pa NO. 120 m‘ -0.200 m 1 ) = -4.00 x 10* J (IF is negative since the volume 
decreases in the process. ) 

= IF, tJ t = -400x 10' J 

Evaluate: The volume decreases so the total week Arne is negative. 

19.7. IDFAUFY: Calculate IF for each step using the appropriate expression tor each type of process. 

SET UP: When p is constant. W = p&V. When AF = 0. IF 0. 

Execute: (u) H\ h = p t (V 3 - FJ, W ti = 0. = p 2 {V x - V 2 1 and = 0 . Th: total work done by the system is 

M ii ♦ + M r u ♦ H' 4 = (p. - ftM^i -•§). which is the area in the pY plane enclosed by the loop. 

(b> For the process in reverse, th: pressures arc the same, but th: volume changes arc all the negatives of those 
found in part (a), so the total week is tegativc of the work found in part (a). 

Evaluate: When AF > 0. W > 0 and when AF < 0. W < 0. 

19.8. Identify: Apply A V -Q-W. 

SET UP: For an ideal gas. U depends only on T. 
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19 . 9 . 


19 . 10 . 


19 . 11 . 


19 . 12 . 


19 . 13 . 


19 . 14 . 


EXECUTE: la) Vdo creases and IFis negative. 

<b) Since Ti% constant. A U - Oaixl Q = IF. Since W is negative. Q is negative. 

(c) Q - W y tlx mignitudcs an: the sanx. 

Evaluate: O < 0 means heat Hows out of* the gas. The plunger docs positive work on the gat. The energy added 
by the positive week ikinc on the gas leaves at heat flow out of the gas and tlx internal energy of the gas is 
constant. 

IDENTIFY: AU - Q - IF. For a constant pressure process, W - pAV. 

SET UP: Q - +1.15 x 10' J, since heat enters the gas 

EXECUTE: (u> H'=/«Af'=<l.S0xl0' PaX0.320 m 1 -0.110 m')-3.78x10' J. 

<b» \U -O-H' - 1.15x10’ J-3.78.10' J = 7.72xl0‘ J. 

EVALUATE: (c) A' - pAV for a constant pressure process and AL T =*Q-W both apply to am* material. The ideal 
gat law wasn’t used and it doesn’t matter if the gat it ideal or not. 

IDENTIFY: The type of process is not specified. We can use AU - Q-W because this applies to all processes. 
Calculate AU and then from it calculate AT. 

SET UP: Q it positive since heat goes into the gat; Q - + 120(1 J 
H f positive sirxc gas expands; W = +2100 J 
Execute: AC/-1200 j-2100 j = -900 j 

We can alto use AU - ;j( •/{) AT since this is true for any process for an ideal gas. 


XI iii- _ 21 _-14.4C= 

InR 3(5.00 molXS-3145 J mol K| 


7, - 7; * AT * \2TC- I4.4C° -113°C 

EVALUATE: More energy leaves the gas in the expansion work than enters as heat The internal energy therefore 
decreases, and for an ideal gis this means the temperature decreases. We didn't have to convert A T to kclvms 
since AT is the tame on the Kelvin and Celsius scales. 

IDENTITY: Apply A U -O-H' to the air inside the ball. 

SET Up: Siixc the volume decreases. H* is rxgative. Since the concession is sudden. Q - 0. 

Execute: au -Q-\v with Q- ogives au -• -\v. if < o so au >o. a u - +4io J. 

< l>> Since AC'* >0. the temperature increases. 

EVALUATE: Wben the air rs compressed, work is dime cci the air by the force on the air. The work dime oo the 
air increases its energy. No energy leaves the gas as a flow of heat, so the internal energy itxrcascs. 

Idem itY and SET Up: Calculate W using the equation for a constant pressure pnxess. Then use AU -Q-W to 
calculate Q. 

(a) EXECUTE: IF - I p dV - p{V 3 - \\) for this constant pressure pnxess. 

H' -(23* 10' Pa 1(1.20 m* -1.70 m 1 )--1.15x10* J (The volume decreases in the process, so IF is negative.) 

(b) AU«0-JF 

Q-AUtH '^-1 40x| 0* J+(-l. 15x10' J) = -2.5SxlO* J 
Q ixgativc means heat flows out of the gas. 

f •*. 

(CF Evaluate: if - J p dV - p{Y\ -1 \) (constant pressure) and A U - O-H' apply to any system, not Just to 

an ideal gas. We did not use the ideal gas equation, either directly or indirectly, in any of tlx calculations, so the 
results arc the same whether tlx gas ix ideal or not. 

IDEs I1FY: Calculate tlx total food energy value for one doughnut. K - iwr*. 

SETUP: 1c*U4.186J 

Execute: (a) The energy is (2.0gH40 kca!/g)-f (17.0 gK4.0 keal/g) *(7.0 g*9.0 kcnVg)-IS9 keal. 

Tlx time required is (139 kcal|/(S10 keal, 1 hi -0.273 h - 16.4 min 

<h> v-„ ( 2A'/nt -^2(139-10' cal)(4.IS6 ),caI)/(6IO kg) -139 m/.%-501 km/h. 

EVALUATE: When we set K - Q. we must express O in J. so we can solve fee t in m s. 

Identify: Apply AU*Q-H. 

SET UP: W > 0 when the system does work 
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19.15. 


19.16. 


19.17. 


19.18. 


19.19. 


19.20. 


Execute: (u) The contaiixr is sax! to be well insulated, so then: is no heat transfer. 

<l>) Stirring requires work. The stimng needs to be irregular so that the stimng nxchanism moves against the 
water, not w ith the water. 

(c> The work mentiooed in part <b) is work done on the system, so W <0. and since no heat has been transferred. 

A6’«-ir >0. 

EVALUATE: The stimng adds energy to tlie IxjukI and this energy stays in tb: liquid as an iixrcasc in intemil 
energy. 

iDLVim: Apply A U - O - H' to the gas. 

SETUP: For the process, AF-0. Q * *401J since beat goes into the ga* 

Execute: (u) Since AF ^ 0. W ^ 0. 
p nR 

-■ constant 

T V 

(c>Since IF = 0. A U -O^ +400 J. L\ - L\ + 400 J. 

EVALUATE: For an ideal gas. when T increases. U increases. 

IDDHIFY: Apply AC/ - Q- W. |ll | is the area under the path in tbc/>!'• plane. 

SET UP: W > 0 when V increases. 

EXECUTE: (u) The greatest work is dune along the path that hounds the largest area above the F-axis in the p*V 
plane, w hich is path 1. The least work is done along path 3. 

<b> W > 0 in all three cases; Q = A V + H\ so O > 0 for all three, w ith the greatest O far tb: greatest work. that 
along path 1 When Q > 0. brat is absorbed. 

EVALUATE: A U is path independent and dcfvnds only on the initial and final slates. IF and Q are path 
independent and can have different values for different paths between the same initial and final states. 

IDENTIFY: a U -Q- IF. W is the area under the path in the /^'-diagram. When the volume increases, W > 0. 
SET Up: For a complete cycle, AL r - 0. 

Execute: (u) and <l>) The clockwise loop (If encloses a larger area in the p*V plane tlun the counterclockwise 
loop < 11). Clockwise kiops represent positive work and counterclockw isc loops negative work, so 
H; > 0 and I#', < 0. Over one coirgilctc cycle, the net work IF, + H;, > 0. and the net work done by the system is 
positive. 

<c) For the complete cycle. AC’ - 0 and so W - Q. From port la). IF > 0. so O > 0. and heat flows into the 
system. 

<d) Consider each loop as beginning ami ending at the intersection point of the locals Arenmd each loop, 

AC* =0, so Q - H*. tbm. O l - IF, > <) and (J, - < 0. Heat flows into the system for loop I and out of the system 

for loop II. 

Evaluate: IF and O are path dependent and are in general not zero for a cyelc. 

Idem in and SET Up: Deduce information about Q and IF from the problem staterrcnt and then apply the first 
law*. A U -Q- to infer w hether Q is positive or negative. 

Execute: (u) For the water Af > 0. so by O - me AT heat bis been added lo the water. Thus heat energy 
comrs from the burning furl-oxygen mixture, and Q for the system (fuel and oxygen) is negative. 

<b) Constant volume implies W - 0. 

(c)The 1st law lEq.19.4) says Al/ = 0-IT. 

Q< 0. W - 0 so by the 1st law AL f < 0. Tbc internal energy of the fuel oxygen mixture decreased. 

Evaluate: In this process internal energy from the fucl*oxygcn mixture was transferred to the water, raising its 
temperature. 

IDENTIFY: a U -Q- IF. For a constant pressure process. IF - p\V. 

SETUP: Q-+ 2.20*10* J; Q> 0 since this amount of heat goes into the water />- 2.(10 atm - 2.03 * 10* Pa. 
Execute: (u> H'-jMM' = (2.03«I0' PjxO.S24m‘-1.00-10 1 m*) = 1.67x1 o’ J 
<b> \U-Q-W = 2.20-Iff' J-1.67x10' J-2.03x10' J. 

EVALUATE: 2.20-10" i of energy enter* the water. 1.67x10' I of energy leaves !he mucriab through 
expansion work and the retminder stays in tbc nvitcrial as an increase m internal energy. 

Identify: a VmQ-W 

Set UP: Q < 0 w hen heat leaves the gas. 

Execute: For an isothermal process. A U - 0, so W - O - -335 J. 

Evaluate: In a compression the volume decreases and IF < 0. 


pr - nRT savs 


Since p doubles. T doubles. T t . - 27\ 
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19.21. IDE* nn : For a constant pressure process. W - pA\\ Q - nC^AT and A U - nC t AT AU - Q - IFand 

C y - C t ♦ R. For an ideal gas. pAV - hRAT. 

SET UP: From Table 19.1. C r = 2S.46 J/mol K. 

EXECUTE: 111) The /iF diagram is given in Figure 19.21. 

<b) W - ^ nRiT. - 7;)^(0.250 nxil|(8.314S J/mol KK 100.0 K>- 20S J. 

(c) Tlic work is done on the piston. 

<d) Since Eq. (19.13) holds for any process. A U itC, AT ^ (0.250 n»l)(28.46 J/mol KH 100.0 K) - 712 J. 

(e) Either Q - nC p AT or Q - AU + W gives Q - 920 J to three significant figures. 

(f) Tlie lower pressure would nxan a correspondingly larger volume, and the net result would be that the work 
dooe would be the same as tbit found in furt tb>. 

Evaluate: if - nR&T, so IF, Q and A U all depend only on AT. When T increases at constant pressure. V 
increases and IF > 0. AC' and Q are also positive when T increases. 



19.22. IDEYT1FV: For constant volume (7 - nC t AT. For constant pressure. Q - nC^T. For any pnxess of an ideal 
gas. A6’ = »C, AT. 

SET Up: R ^ 8.315 J/mol K. For hrlium. C t = 12.47 J/mol K and C, ^ 20.7S J/mol K. 

Execute: w Q-nC t AT -(0.0l00 molK 12.47J/mol KX40.0 C°)^4.99 J. The/?F-diagram is sketched in 
Figure 19.22a. 

<b) Q-nCyAT = <0.0100 mol)(20.78 J/mol • K 1(40.0 C & )-8JI J. ThepF-diagram is sketched in Figure 19.22b. 
(c> More heal is required for the con^Xant pressure process. A U is the same in both cases. For constant volume 
H' - 0 and for ccmstant pressure IF > 0. Th: additional beat energy required for constant pressure goes into 
expansion work. 

(d) A U - nC, AT - 4.99 J for both processes. AC/ is path independent and for an ideal gas depends only on AT. 
Evaluate: C p = cy r /?. so C, > C ,. 



(a) <b) 

Figure 19.22 


19.23. iDLMin : For constant volume. O - nC s AT. For constant pressure. Q - nC^AT. 

SET UP: From Table 19.1. C, ^ 20.76 J/mol • K and C. = 29.07 J mol K 

“ c '" c <■>«*« ■*— <>»«). ,o.m ■..?.» K r 167 " K, " J 

The /F‘diagram is sketched in Figure 19.23a. 
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19.24. 


19.25. 


19.26. 


19.27. 


<h) Using Equation (19.14), = ^ J /mol . k) -»»9.9 K and T-900K. 

The /H*diagrjm is sketched in Figure 19.25b. 

EVALUATE: At ccoistant pressure some of the heat energy addtxl to the gas leaves the gas as expansion work and 
the internal energy change is less than if the same amount of Ixat energy is added at constant volume. A7* is 
proportional to AU. 




Figure 19.23 


IDENTIFY and r L’P: Use information about the pressure and volunx in the ideal gas law to determine the sign 
of AT. and from that the sign of O. 

Execute: For constant />. Q - nC\ AT 

Since the gas is ideal. pV - nRT and for constant p . pAV - nR AT. 


Q ~ 


p\r 

nR 



Since the gas expands. AV > 0 and therefore Q > 0. O > 0 nxans beat goes into gas. 

EVALUATE: Heat flows into the gas. IF is positive and the internal energy increases. It must he that 0 > W. 
IDENTIFY : AL r -Q- IF. For an ideal gas. AL f - C, A7*. and at constant pressure. W = pAV - nRAT. 

SET L'P: C, - tR for a monatomic gas. 

Execute: A(/s*(4i?)A7^4/>AF^H'. Thm Q - AC/ + \V - ilF. so WjQ - 

EVALUATE: For diatomic or polyatomic &iscs. C\ is a ditYcrcnt multiple of R jnd the fraction of Q that is used 
for expansion work is difl’erent. 

iDEN I1FY: For an ideal gas. A6' - C f AT. and at constant pressure. /?AK - nRAT. 

SET UP: C, - for a mi>natoimc gas. 

Execute: AL'^n|4«)Ar-ipAl'-^<4.00-10‘ PaKK.OOxlO 1 m‘-’.00-10 ' mV^OJ. 

Evaluate: W - nR\T - i&ll - 240 !. Q - nC,&T - m-ltflAr - L&U - 60(1 J. 6CO J of heal encrg> Ilimi into 
tlie gas. 240 J leaves as cxpansxm work and 360 J remains in the gas as an increase in internal energy. 

IDENTIFY: For a constant volume process. Q - nC t XT. For a constant pressure process. O - nC^AT For any 


process of an ideal gas. AV - flC r Af. 

SET L’P: From Table 19.1. for N*. C\ - 20.76 J.'mol K and C, = 29.07 J/mot-K. Heat is added, so Q is 
positive and Q - -f 1557 J. 


Execute: (u> Ar--=-- 

nC , 


557 J 


•:5.m k 


ib> Ar^-JL-- 

#»C, (3.00 


(3.00 11*11X20.76 J.’mol • K I 
1557 J 


tl7.9K 


1X29.07 J nxil K l 


(c) AL*’ - n(\ AT for either process, so A6’ is larger when A7* is larger. The final internal energy is larger for the 
constant volume process in (ak 

Evaluate: For constant volume IF -Oand all the energy added as heat stays in the gas as internal energy. For 
the constant pressure process the gas expands and IF > 0. Part of tlx energy added as heat leaves the gas as 
expansion work done by the gas. 
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19.28. I DIN nn: Apply pV - r.RT to calculate 7. For this constant pressure process, W’ - pAV. Q - nC m AT. Use 
AU = Q - W to relate 0 % W and A V. 

SET UP: 2.50 atm = 2.53x 1 o'' Pa. For a monatomic idral gas. C, - 1247 J/md • K and C r - 20.78 J/mnl K. 

Execute: , u> r -EL - 5i 1,1 325 K. 

* >iR (3.00 molKS.314J mol K) 

r P*'i 1^14.50*10 m1 456K 

1 nR (3.00iiKilXS.314Jmol K) 

<h) H'ap&V = (2.S3xl0' Pall4.50‘ 10 m‘-3.20x10'' m'> = 3.29<IO‘ J 

(c> Q - nC'AT - (5.00 molH20.78 3 mol K H456 K -325 K) = 8.17x 10' 1 

(d) Al'-0-H'a4.88xlO i 1 

Evaluate: We could al«i calculate AU as A6’ -nC,A7" - (3.00 mol 1(12.47 J'mol K*45<. K -325 K) = 4.90■ 10* J. 
which agrees with the value we calculated in part (dX 

19.29. Identity: Calculate IF and AL r and then use the first law to calculate Q. 

(a) SET Ur: \Y =J ‘ pdV 
pY - nRT so p - nRT/Y 

W - J % % '{nRTfV)dV -dVfV - nRTXviY^il^) (work done during an isothermal process). 

EXECUTE: W - (0.150 mol|(8.3l45 J mol KH350 K)ln(0.25F /K,)-<4X6.5 J)hr0.2S> - -605 J. 

Evaluate: fY for the gas IS negative, since the volume decreases. 

<b) EXECUTE: AU - nC t AT for any ideal gas process. 

A7 - 0 (isothermal) so AL r - 0. 

Evaluate: AU - 0 for any idral gas process in which T deesn’t change. 

(c) Execute: AU = Q-W 

AU = 0 so Q-W - -605 J. (Q is negative: the gas liberates 605 J of beat to the surroundings.) 

EVALUATE: O - nC\ AT is only for a constant volume process so doesn't apply here. 

Q - nC p AT is only for a constant pressure process so doesn't apply here. 

19.30. Identify: C f -C, ♦ R and / - —i. 

c \ 

SIT Ul: R = 8.315 J’mol K 

Execute: C C —— 8315 ,mo1 ’ K ^ 6S.5 J'mol • K. Then 

’ C, C, ' r-\ (1.127 

C, = c, + i? = 7345 J'mol - K. 

EVALUATE: The value of C\ is about twice tlic values for the polyatomic gases in Table 19.1. A propan: 
molecule has more atoms and hence more internal degrees of freednm than the polyatomic gases in th: table. 

19.31. Identity: a V ^Q-W. Apply Q^nC^T to calculate C p . Apply AU = nC t AT to calculate C t . y-C p !C>. 

SET UP: AT - 15.0 C a - I5.0 K. Sinre heat is added. Q = *970 J. 

Execute: u > AU-Q-W - -*970 J -223 J = 747 J 

(b) C = —-—- 37.0!mol K. CY= —. -—- 28.5 J mol K. 

r nAT (1.75 mol Ml 5.0 Kl it A 7 (1.75 molKlS.O K) 

r. ^7 0JmolK ^ 3 o 
C, 28.5 J mol K 

EVALUATE: The value of / we calculated is similar to the values given in Tables 19.1 for polyatomic gases. 

19.32. Identity and SET Up: For an ideal gis AL r - nC t AT. The sign of A6 T is the same as the sign of A7. C ombine 
Fq.( 19.22) and the ideal gas law to obtain an eqiution relating T and /\ and use it to determine the sign of A7. 
EXECUTE: T,V,' 1 =TV,'" and VanRTtp %o, Tfpf = Tp 1 .' and TV -T;’ip..’pY’‘ 

Pt < /?, and y -1 is positive so 7^ < 7J. A 7 is negative so AU* is negative: the energy of the gas decreases. 
EVALUATE: Eq.(l9.24) shows that the \olun>: increases for this process, so it is an adiatutic expansion. In an 
adiabatic expansion the temperature decreases. 
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19.33. iDtv im: Foe an adiabatic process of an ideal gas. pV; - p.)\\ IF -1 pY, - pY x | and TVS" - TVS ' . 

r -* 


SKI UP: For a monatomic nlcal gas r - 5 <‘3. 


Execute : 


uo J- -(1 


50*10* Pa 


0.0800 m 




= 4.76x10' Pa 


<b| This result may he substituted into l:q.( 19.26). or, substituting the above form for p lt 

(c) From Lq. 119.22). (r.y'/j) = (F./FJ ' -(0.0800/0.0100)''' -1.59. andsince the final temperature is higher than 
the initial tcrrfieraturc. tbc gas is heated. 

Evaluate: In an adiabatic compression IF < 0 since AF < 0. (7 - 0 so A U - -IF. AC > 0 and th: temperature 
increases. 

19.34. IDI.VIIEV and SET L’P: la) In the pnxess tlie pressure increases and th: volume decreases. ThepF-diagram is 
sketched in Figure 19.34. 



<b) For an xliabatx pnxess for an ideal gas 

w'-w, p>\'-p.y;. p v=*rt 

Execute: ['run the first cquitton. r, - /V,y 1 - (293 K K1', /o.oickh; V* 
r, =<293KH11.11|** = 76S K = 49S°C 

(Note: In Ibe equation Ty- ' - T.y' 1 tbc temperature murt be In kelvint.) 

pY! ■ PY! ■"*><*“ P - P,iW =<> 00 atuX*''0.09031' V* 

= )l.00 nlm l( 11.11 J*" =29.1 atm 

Evaluate: Alternatively, we can use pV - nRT to calculate p>: n . R constant implies pV: T - nR - constant 

«> P y/ t,= py, it, 

p, = p l {V l tV,)T,/7) = {\M atmK^ V0.0900I' «768 K293 K l - 29 1 aim. which cheek*. 

19.35. IDENTIFY: Ft* an adiabatic process of an Ideal cas. IF-_< pV - pi \) and pV: - /?,»V. 

r -1 

s»:r Up: / = 1.40 lor an Ideal diatomic gas. I aim -1.013x 10' Pa and I L = 10 ' m*. 

Execute: O = AU . IF = 0 for an ahabalK process, so A U - -IF = _!_( pi'. - pV.) p = 1.22* (O' Pa 

T -> 

P, s piyjy,1 -(1.32-10' PlX3)“ =5.68x10' Pa. 

IF=_l_(|5.6SxlO' PaJlOx 10 ‘ m ']-|l.22xl0' Pa]|30x|0* m 1 ])-5.05-10* J. The internal energy 
increases because work is done on the gas (AL r > 0) and O - 0. The temperature increases because the internal 


energy has i 

Evaluate: In an adiabatic concession IF < 0 since AF < 0. O- 0 so AL f - -IF. AC r > 0 and th: temperature 


19.36. Idemipy: Assume the expansion is adiabatx Tf'f 1 = TV : 1 relates V and T. Assume the air behaves as an ideal 
gas. so A6’ - »C,A7\ Use pV - nRT to calculate n. 

SETUP: For air, C\ - 29.76 J/mol • K and y - 1.40. 1^=0.800^. 7Ja293.l5K. ft = 2.026x \& Pa. For a 
sphere, F = 4* 1 • 
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19.37. 


19.38. 


19.39. 


19.40. 


Execute; dor = 7; |-f 


4,T 


[293.15 K l 


♦ 


320.5 K - 47.4 c C. 


pl\ (2.026x10* PaK7.l5x|0 1 m 1 ) 


(HI y-lsTr^— (01195 m>* =7.15x10 m . ;i-i-L-L = 

3 RT t (8.314 Lmol KX293.I5K1 

A6* - irC AT - (0.594 n»l|(20.76 Jnwl KX32I K - 293 K)- 345 J. 


- 0 594 mol. 


EVAUATC: We could also use AV - W -1 nV - p \\ ) to calculate A L\ if w<c firs! found /?. from pV - nRT 

r-i 

(a) IDENTIFY and SET Up: In the expansion the prc;«urc decrease* and the volume increase* The p ('diagram i* 
sketched in Figure 19.37. 

p 



Figure 19J7 

(b) Adiabatic mean* (3 = 0. 

Then A V -Q-W gives IV = -AL r = -jiC, AT - nC\ (T, - T s ) (fiq. 19.25). 

C t = 12.47 J mol K (Table 19.11 

Execute: W - (0.450 molM 1247 3/mol KX50.(TC - 10.CTC) = +224 J 
H'positive for AF>0 (expansion) 

(c> A6’ = -H' = -224 J. 

Evaluate: There is no h:at energy input. The energy for doing the expanxien work comes from tlie internal 
energy of the gas, which therefore decrease*. For an ideal gas. when /’decreases, (/decrease*. 

IDENTIFY: pV - nRT. Foe an adiabatic process, TV 1 - 7,1'/ *. 

SET UP: For an ideal monatomic gas. r = 5/3. 

Execute: <„ r-4- " ,l> - 11 l ‘ , " 2 50<l " !KI -3 qik. 
nR (0.1 md) (8.3145 J/rnolK) 

(b)(il Isothermil: If the expansion is not formal, the process occurs at constant temperature and the final 
temperature is the same ax the initial temperature, namely 301 K. p i - /^(F,/^) - 1/?, - 5.X xlO 4 Pa. 

(i» Ucbaric: &p = 0 m />,-I.OOxlO' Pa. J - , - 27] = 602 K. 

T y, 


(ml Admtatic: Using l.qustioiK 19.221. I. 


' 1 (301 KX>;>" 




c»;i 


rr 


1301 K)|i 


» 


5‘- K 


EVALUATE: In an isobane expansion, T increases. In an adiabatic expansion. / dxreases. 

IDKMIFY: Combine T t V t : ‘ - f// 1 with pV - nRT to obtain an expressicei relating T and p for an adiabatic 
process of an ideal gas. 

SET UP: 7: - 29-9715 K 


Execute: l 


.-i.jfir.ijrsr-di.2t 

P K Pi I ' P: I p, P. 




»•> 


= (299.15 K l 


0.850x10* Pa 
1.01*10 Pa 


IS I 4 


- 284.8 K - 11.6 ‘C 


EVALUATE: For an adiabatic process of an ideal gas, when the pressure decrease* the temperature decreases. 

IDINITFY: Apply A V -O-W. For any process of an ideal gas, AC = nC AT. For an isothermal c.\tMns:on. 


ir-n/?rin — -ft/eriu 


£l\. 
P: 


1* 


SETUP: 7 = 288.15 K --- 2 AM 


EXECUTE: (a) AU = 0since AT = 0. 

(b) W = (1.50 molxs.314 J mol KX28S.15 K »ln(2.00) = 2.49x 10* J. IV >0and wixfc is done by the gas Since 
A6’ = 0, Q - H' = +2.49 x 10* J. Q > 0 so heat flow* into the gas. 

EVALUATE: When the volume increase*. IF i* positive. 
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19.41. iDiXflFY and Stir UP: Tor an ideal gas. pV - nRT. The work done is the area undrr tlx path m the pV» diagram. 
EXECUTE: I a) The product pV increases and this indicates a temperature increase. 

<l»l The work is the area in the pV plane bounded by tlx blue line representing the process and the verticals at 
r and The area of this trape/ood is t(/>* + A,X*a“*'J *4(2.40x 10* Pa H 0.0400 m‘) - 4H00J. 

EVALUATE: The work dune is the average pressure. L\p + times the volume increase. 

19.42. IDEVHFV: Use pV - nRT to calculate I IF is the area under the process in tlx pV diagram. Use 
AU = nC, AT and AU = Q - W to calculate O. 

SET UP: in statee, p, = 2.0x 10* Pa and V t = 0.<X>40 in'. In state a . /?. = 4.0x 10' Pa and V m = 0.0020 m\ 

Execute: i^T.-EL. < 2 °» 10 ' WMO- 1 ) . l9aK 
nR <0.500 molK^-314 J 'mol K) 

<bi H'-l<4.0xl0' Pa *2.0 x 10' Pal|0.0030m -0.0020 m 1 )+(2.0x 10' PaMO.OOiO m 1 -0.0030 m 4 ) 

W - *5<XI J. 500 J of work is dime by the gas. 

<c) T 4 -- . ’ 11 *' :>l |,:1<l,:;n:im 1 i 192 K. l or the process, AT -0. so A V = 0aid Q = W = +500 J. 
nR (0.500 molM8.314 J.molK) 

5IX) J of beat enters the system. 

EVALUATE: The work dune by the gas is positive siixc tlx volume increases. 

19.43. IDENTIFY : Use A V - Q- W and tlx fact that A U is path independent 

ft' > 0 when the volume increases, ft' < 0 w hen the volume decreases, and W - 0 when the volume is constant. 

Q > 0 if heat flows into the system. 

SKI Up: The paths arc sketched in Figure 19.43. 

P 

- +900 J (positive since heat flows in) 

= +60.0 J (positive since At' >0) 

Figure 19.43 

Execute: (m a u-q-w 

AU is path independent; Q and ft' depend on the path. 

A U*U h -U, 

Thrs can be calcuiitcd (sir any path from a to b, in particular for path ach: AU .^ = Q^ k - W^ k - <X1.0 J -600 J - 30.0 J. 
Now apply AU -Q- W to path adtr % A V - 30.0 J for this path also. 

= +15.0 J (positive once AY >0) 

AU^ = so Q^ k = A= 30.0 J +15.0 J = +45.0 J 

(b) Apply AU *={P-IF to path ba: A = &, - 
Hi. - -35.0 J (negative since AV <0) 

AU^ -U -U k = -ib \-UJ = - AU ^ = -30.0 J 
Then ft, = AU,_.„ + = -30.0 J - 35.0 J = -65.0 J 

(ft system liberates hcat. t 

(c) U m =0. U,=R.0J 
AU.^ = U» -U. = +30.0 J. so U k = +30.0 J. 

process a -* d 

AU_,=U,-U. = +8.0J 

= +15.0 J and H'^-H ^+l V M .. But tlx work for the process rf->6 is mo since AF = 0 For that process. 
Therefore = Jf^ = +15.0 J. 

Then ft = AU. ^ = +S.0 J + 15.0 J = +23.0 J (positive implies heat absorbed). 
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19.44. 


19.45. 


19.46. 


19.47. 


proem d -*/> 




J-H - 




H* - 0 . as already noted. 


\; 


J ♦<- 




KxixiTl: 


i . 


30.0 J -8.0 J - -*22.0 J 

Then ft* - A Uj.^ + IF % = -t22.0 J (positive; heat absorbed). 

Evaluate: The signs of our calculated Q md and Q A agree with the problem statement that heat is absorbed in 
these pnxcsscs. 

Identify: au*Q-W. 

Set Up: W * 0 when AK = 0. 

Execute: For each process, Q - &L' -t IF. No ws>cfc is done in the processes ah and dr. and so IF k - JF^ - 450 J 
and W u ^ = 120 J. The heat flow for each process is: for ah. O - 90 J. For he. Q - 440 J + 450 J - 890 J. For 

a*/. (3 - ISO J ♦ 120 J - 300 J. For dc. Q - 350 J. Heat is absorbed xn each process. Note that (he arrows 
representing the processes all point in the direction of increasing temperature (increasing (/). 

Evaluate: AL r is path independent so is the same for paths adi and ahc. Q^ - 300 J r 350 J - 650 J. 

- 90 J + K<X) J b 9SO J. O and IF are path dependent and are different for these tw o paths 
iDEVnFV: Use pV = n/?T to calculate T T. Calculate AC/ and IF and use A6’ - Q- M* to obtain O. 

SET UP: For path ac. the work done is the area undrr th: line representing the process in the(''diagram. 

T pV (1.0x10' JK0.060m') 

- - ' - ■ - I -00. 

r. p.y. (3.0x10* JH0.020 m ) 

<b> Since T - T_. A U = 0 for process ahc. For ah. AF - 0 and IF, - 0. For be, p ts constant and 
IF a p&V - (I.Ox 10* PaMO.OlO m'> = 4.0x I0‘ I. Therefore. =^l.0-10‘ J. Since AI/-0. 

Q - If _ -4.0 «10' J. 4.0< I0‘ J of heal limn into the ga* during process ahc. 

(c) IF - 4(3.0 x I O' Pa *1.0x10' Pa|(0.040 m‘) = -.SOx 10* J. 0. - IF. = -8.0xIO 1 J. 

EVALUATE: The work done is pith dependent and is greater for process ac than for process ahc # c\>m though the 
initial and final states arc the same. 

IDENTIFY: For a cycle, A U - 0 and Q - W. Calculate IF 

SET Up: The imgnitixle of the week done by the gas during the cycle cquils the area enclosed by the cycle in the 
pi'-diagram. 

Execute: (u) The cycle is sketched in Figure 19.46. 

(b) |IF| - (.3.SOx 10* Pa -1_50> 10* PaKO.OI35 m‘-0.0280tn‘| = -310 J. More negative wort is done for cd than 
positive work for ah and the net work is nrgativc. IF - -310 J. 

<c) Q*W = -310 J. Since 0< 0. the net heat flow is out of the #ls. 

Evaluate: During each constant pressure process H* - p&Y and during the constant volume fvoeesx K* - 0. 

ffP*) 


3.50 x I0 4 


l M) X IQ* L 


n 




M280 0.0*35 

Figure 19.46 


IDENTIFY: Use the 1st law to relate to for the cycle. 
Calculate IF^ and IF K and use what we know about W tM to deduce IF . 
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19.48. 


19.49. 


19.50. 


(a) SIT UP: Wc aren’t told whether the pressure increases or dxrea.vcs xn process be. Tlxe two possibilities for 
the cycle are sketched in Figure 19.47. 



Figure 19.47 

In cycle 1. the total work is negative and in cycle II the total work is positixe. For a cycle. A U - 0. so (? k4 - 
The net heat flow 6>r the cycle is out of the gas, so heat < 0 and W x * < 0. Sketch I is correct. 

<h> Execute: =0 k4 = -800 J 

=0 since AK»0. 

- pAV since/? is constant. But since it is an idral gas. pAV - tiRAT 
-T ) = 1660 J 

= Ii; 4 - IF^ = -KOI J -1660 J = -2460 J 
Evaluate: In process ca the volume decreases and the week W is negatixe. 

IDENTIFY: Apply the appropriate exfcessaon for IF lor each type of process. pV - /iRT and C f - C, + R. 

SET UP: =8.315 J/raol-K 

EXECUTE: Path ac has constant pressure, so H'. - pAV -hRAT. and 
W_ - nR(T. - rj - (3 mi>lXK.3145 j/mot K*492 K - 31X1 K) ^ 4.789.10‘ J. 

Puli if> It ixluhal*: <Q - 01. mi H' ( - (3-At/ - -At 1 = -nC\ Ar. and uting C, = C f -R. 
H r ^-n{C f -R»r 0 -r)n-{3 nu>lM29 I J/moJ-K-8.3I4S J/mc4• K»600 K -492 K) - -0.73S-10* I. 

Path txi has constant volume, so IF^ - 0. So tlx total work done is 

»F = IF. + JF*= 4.789 x 10 ; J-6.735x10' J-t0 =-1.95x10* i. 

EVALUATE: >0 when AV > 0. W < 0 xx hen AV <0arxJ when AV = 0. 

Idlviiiv: Use O - jiC, AT to calculate the temperature change in the constant volume process and use 
pV - nRT to calculate the temperature change in tlx constant pressure process. The week done in tlx constant 
volume process is zero and the work done in the constant pressure process is IF - pAV. Use O - r?C m AT to 
calculate the Ixat flow in the constant pressure process. A6* - nC % AT. or AV -Q- H*. 

SET Up: For N*. C 9 - 20.76 J, mol K and C\ = 29.07 J mol K. 

ExtCliTE: (u) For aoccaah. AT - - 1 — - — 1 - 293 K. T - 293 K. to T - 5K6 K 

nf, (2.50mol|(20.76 J'mol K) 

pi' -nRT «y% T doublet; 'vlien I" doublet and p is eonttanl. to T = 2ISS6 K)= 1172 K = 890°C. 

<b) For process ab. - 0. For procc» be. 

« k - pAV -/iRAT =(2.50 mol(8.314 J/rool-KX1172 K -586 K) = 1.22x10* J. W »IF* + H; - 1.22x10* J. 
<c> For process be. Q = nCAT = (2.50 mol 1(29.07 J mol K Ml 172 K - 586 K) ^ 4.26 x 10 4 J. 

<d> A6* = nC\ AT = (2.50 mol)(20.76 J mol K MU 72 K -293 K) = 4.56x 10* J. 

Evaluate: The total Q is 1.52x10* J + 4.26x 10* J = 5.78 x 10 4 J. 

A6’ = Q - W = 5.78 x 10* 1-1.22x10* J - 4.56x 10* J. which agrees with our results in part fdk 
I DSN 11T^: For a constant pressure process, Q - nC tJ AT. AV - Q- W. AC f - nC,AT for any ideal gas process. 


SIT Up: For \\, C, = 20.76 J, mol • K and C - 29.07 J mol K. Q < 0 if heat comes out of the gas 


Execute: (ui 


t2.5xlO* J 


21.5 mol. 


C AT (29.07 J/mol KM40.0 Ki 


(h> AU-nC t AT-QiQJC,) = (-2.5x10* JM20.76'29.07)--1.79x10* J 
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19.51. 


19.52. 


19.53. 


fc> W*e-AV--7ASx\& J. 

(d> AV is the sanx for both processes, and if AV = 0. W - 0 and Q - A V - -l.79x 10* J. 

EVALUATE: For a given AT, O is larger when the pressure is constant than when the volume is constant. 
iDEMin and SET L*P: Use tlx first hw to calculate If*and then use H' - pAV for tlie constant pressure process 
to calculate AV. 

Execute: a v = q-w 

0 = -2.15x10' J I negative since heat energy goes out of the system) 

At/=0 so 0^-2.15x10* J 

Constant pressure, so IF - J pdV - /<K - V x ) - pAV. 

Then 

p 9.50 x 10 ra 

Evaluate: Positive work is doex on the system by its surroundings; this inputs to tlx system the energy thit 
then leaves the system as heat. Both Eq.( 19.4) and (19.2) apply to all processes fee any system, not just to an ideal 

Idi.n : pV - >\RT for an isothermal pnxess W - hRT knff j iV |. for a constant pressure process. 

W = pAV. 

SETUP: 1 L = I0 4 m‘. 

Execute: ( u ) The p I-diagram is sketched in figure 19.52. 

(b) At constant temperature, the product pV is constant. so 




lb. 


final pressure is given as being the same as P; - p : - 2.5 x 10 4 Pa. Tlx find volunx is the same as tlx initial 
volume, so T v = Tip^jp ) - 75.0 K. 

(c) Treating tlx gas as ideal, the work done in the fint process is W - nRTW^/V^ = p}\ inf a fp 2 ). 

W - (1.00x |0* Paid 3x10 ' m tin 1——— - 20S J. 


V2-50x10* Pa 

I or the second pncc*s. W - p {V - V )» pJJT - K) * p s V (I - </y>.)). 


W = {2-50x10* PaX 1*5x10 ' mV 1 - 


1 .'Xlxitf Pa 


-113 J. 


2.50x 10 Pa 

The total wsirk done is 20R J -113 J = 95 J. 

(d) Heal at constant volume. No work would be done by the gas ct on the gas during this process. 
Evaluate: When the volume increases. W > 0 When the volume decreases. \V < 0. 



Figure 1932 


IDENTIFY: AV - VJfAT. W - pAV since the force applied to tlx prston is constant. 0 - mc p AT. AV - 0 - W . 
SET UP: m = pV 

Execute: (u) The fractional change in volunx is 

A!" -1 \fl\T - < 1.20x 10’ m 1 K1.20«10'' K 1 ((30.0 K| - 4.32 x 10 ' m‘. 

(b) H' = pW = (F/A)Ay =«3.00a 10* S)l ’(0.0200 m')(f4.32« 10 * m') = 648J. 

(c> Q^m.'AT = y\/K y Ar ^ (l.20x 10 ! m‘*791 kg/m'HlSlxIO* J/kg KII30.0 K). 

0=7.15x10' 3. 
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<d» A6* = - H' = 7.15 x 10* 3 to three figures. 

(e> Under these conditions \V\% much lew than O and there ix no substantial difference between c t andc^ 
EVALUATE: AL r - Q— IV is valid tor any material. For liquids the expansicoi work is much less than Q. 
19.54. iDEVnn : &V « fll\,AT. H' - p&V since the applied pressure (air pressure) is constant. Q - mc^T. 


SET LP: l'<ttopper. /f = 5.1x10 1 <C“) c, = 3901kg• K and ,> = 8.90*10' kg'Bi'. 

Execute: (u> Ai' = /ttri' 1 = (S.ixio'(C’) 'm’o.oc'k’.ooxio • m)* - 2.86xio‘ m‘. 

(b) H' - pS,V = 2.88 x 10 1 J. 

<c) = i *' l c y \r - (8.9x10* kg/m'KS.OOx 10m‘)(.19<> J/kg KX'0.0 C : | = 1914 I 

(ill To three figure*. A U = Q -1940 J. 

(e) Under these cceiditions. the dilTerenee is nut substantial, since W is much less than O. 

EVALUATE: AL r -Q~ IF applies to any material. Fur solids the expansion work is much lew than O. 

19.55. I DIN llh and S*:r L'P: Tlx heat produced from the reaction ix - m where . is the heat of 

tion of the chemicals. 


-H' + A V 


i*** 


EXECUTE: Fur a mass m of spray. If' = - 4*i(l9 m s) 1 » (IS0.5 J.kgVw and 

A£/^ -me AT - m<419D J'kg K)(I00°C-20°C) = (335,200 J/kg)m. 

Then = (180lfcg+335,2(01'kgVn *(335,380 Xkg|m and Q^ m -mL^ 1t implies 

(335,380 JkgVw. 

The maw m divides out and - 3.4 x 10' J'kg 

Evaluate: The amount of energy converted to work is ncgligibV: for the two significant figures to which the 
answer should be expressed. Almost all of the energy produced in the reaction goes into heating th: compound. 
19.5*. IDENTIFY: The process is adubatic. Apply f\V - p}' : and pV - nRT. (J - 0 so 


aw—» r-— -(py-py,). 

r - 1 

SETUP: For helium./• = 1.67. p, =1.00 aim = 1.013x10* Pa. F, = 2.00x10' m‘. 
p. = 0.900 Jim = 9.117x10* Pa. T- 2SB.15 K. 


Execute: (■►»7 = f.'|J1 K = K El = 12.00x10'm 1 ) 1 l oo,,m 

- " p. P. 10.900 aim 


2.13x10'm'. 


lb) pV = nRT gi»e* -L---L- 
PtK Pi y , 


-T, £lYH 2.13 ■ 1 O' | _ 276.2 K = J.OtT. 

AA/i V 1.00 atm 2.00x10* m* 


(c> A6* - --<[1.013x 10 PaX2.00x10* m*>]-[9.117x10* PaM2.13xlO* m*)]^-1.25x10 J 

0.67 

Evaluate: The internal energy decreases when the temperature decreases. 

19.57. IDENTIFY: Foe an adiabatic process uf an ideal gas. 7,17 1 - TVy 1 . pV - nRT. 

SETUP: For air. y = 1.40 = ^. 

EXECUTE: (uf As th: air move* tu lower altitude its density* increases; under an adiabatic compression, the 
temperature rises. If the wind is last* moving, Q rs not as likely to be significant, and modeling the process as 
adiabatic (no heat loss tu the surroundings) is more accurate. 

<b) V - —%o Ty; ' - Ty; { gives T- p\' - T'p\ *. The temperature at the higher pressure is 
P 

^=7;(/V>.') r =(258.15 K)([8.12x10* Pa).’|S.60x 10* Pa])' -^287.1 K-I3.0"C so the tenverature w ixild 

rise by 119 C*. 

EVALUATE: In an adiabatic compressicei. 0-0 but the tenxierature rises because of the work don: on the gas^ 
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19.58. 


19.59. 


iDt.MIfrY: Foe constant pressure . IF - p&V. For an adiabatic process of an ideal gas. W’- —{pK “ p/j) and 

R 

py;-py;- 

SETUP: »L c ' tC ' - * 


c. c. 


EXECUTE: (u> The p ('-diagram it sketched in Figure 19.58. 

(b) The week done it W - p, (2»; - V % ) -» £L( p\2V,) - r(4F. H p, - pJH', f and 


•1 


W - p % \\ 11 ♦ - 7-(2 - 2* ') |. Note tluit p, is the absolute pressure 
R 

(c> The most direct way to find the temperature is to find tb: ratio of Ihc final pressure and volume to the original 
and treat the air as an ideal gas. p x - p : j — - j — j , since p x - p : Then 


This amount ot’heat Hows into the gas. since 


(d)Since n-^0-^l\C, .K)<2r o -r 0 )- A ftfe.+l\ 


Q> 0 . 

EVA1TI.\TE: In tb: isobanc expansion the temperature doubles and in the adiabatic expansion the temperature 
decreases. If the gas is diatomic, with y - 2-y arxl T x - 3.037J.. W - 2.2\p,V i and O - 330ft!'. 

Ati’ - 1 -29ftK. A U > 0 and this is consistent with an increase in temperature 



Figure 1938 

1DEM1FY: Assunx- that the gas is ideal and that the process is adiabatic. Apply Eqx.<19.22) and (19.24) to relate 
pressure and vxilunx and temperature and volume. The distance the piston moves is related to the volume of the 
gas. Use Iiq.(l9.25) to calculate W. 

(a) SET Ur: y - C r /C, = [C, + - I ♦ R' C t - 1.40 The two positions of tb: piston arc shown in 

Figure 19.59. 


*»- 
0-50 < 


»•, 


1 

r . 




ft = 1.01x10" Pa 

ft =4.20x10' Pa + ft. =5.21x10" Pa 
K, - M 
K = k.A 


Figure 1939 

EXECUTE: adiabatic process: p x V{ - 

pKA *pXA 


h. - h I L-’ - 10.250 m)I J'" 1 ' ‘ - I - 0.0774 m 

1 /». ( 5.2UIO' Pa 

The piston has moved a distance h { - A. - 0.250 m - 0.0774 m -0.173 m. 


i . 
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ih> T t vr-Tsr 

Tk 'A'- = TJiC'j' 1 


r ’'? 


M30.1 K 


0.250 m 
0.0774 m 


- 479.7 K - 2Q7°C 


(c> WmwC % \T % -TA (Eq.19.25) 

H—(20.0molK20.SJ mo! KM300.1 K-479.7 K) = -7.47xl0 4 J 

Evaluate: In an adiabatic concession of an wlcal gas th: temperature increases. In any compression the work 
H k negative. 

IDENTIFY: m - pV. The density of air is given by p - £—L. lor an adiabatic process. T x Y\ r 1 = Tyt 
pV - nRT 

SETUP: Using W* **7'"gives T,# = T,p' l \ 

Execute: (u) ThepT-diagram is sketched in Figure 19.60. 

<b) The final temperature is the sanv as the initial temprratun:. and the density is proportional to the absolute 
pressure. The mass rxeded to fill the cylinder is then 

l JL-(|.23l (B .m')(57SxlO* m V l>J -102.10 ‘ kg. 

p sm 1.01x10 Pa 

Without the turbocharger cc intercooler the mass of air at T - 15.0°C and p - 1.01 x 10* Pa m a cylinder is 
m = py - 7.07 x 10 4 kg. The increase in power is proportional to tlie increase in miss of air in tb: cylinder: the 

percentage Inc roue is ! " 2 ' IU k - - I - 0.44 - 44%. 

* * 7.07x10'kg 

(c) The temperature alter the adlahutic nroeew Is T - I - — The density becomes 

V Pi ’ 


II :.>kftm‘K57Sxl0*nt') ■ '• IS,|<> . P * 

* 1.01x10 Pa 


9.16x10 * kg. 


Tlie percentage Increase In power is —I-——— -1 - 0.5(1 - 30%. 

7.07-10* kg 

EVALUATE: The turhoehar«cr and intercooler each have an appreciable cITcct on the engine power. 


Figure 19.60 

19.61. IDENTIFY: In each ease calculate either AC/ or O for the specific type of process and then apply the first law. 
(a)StrUf: isothermal (AT-O) At/ = 0-H'; If ^+300 J 
lor any process of an ideal gas. A U - nC’, A T. 

Execute: TTiercfore. for an ideal gas. if A7* - 0 then A U - 0 and O - \Y - +300 J. 

<b) SET VP: adiabatic <{J - 0) 

AU*Q-9V; IF =*+300J 

Execute: Q - 0 says A U - -W = -300 J 




(c> SET UP: isohiric Ap - 0 
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Use H'to calculate A7* and then calculate O. 
Execute: W ^ pAT ^ nRAT; AT ^ WinR 
Q - «C AT and for a monatomic ideal gas C p - iR 


19.62. 


A U = nC, AT for any ideal gas poxes s and C t « C - R -±R. 

Thus AU = 31*72 =*450 J 

EVALUATE: 300 J of energy leaver the gas when it p cr fe mi cxpinsaon work. In the isothermal process this 
energy is replaced by Ixat flow into the gas and the internal energy remains the umc. In the adiabatic process the 
energy used in doing th: work decreases the internal energy. In the isc4>aric proccs 750 J of heat energy enters the 
gas, 300 J leaves as th: work done and 450 J remains in the gas as increased internal energy. 

IDKMIIY: pV - nRT. I or tlie isobanc pnxess, W - pAV = nRAT. For the isothermal process. 


W-nRT In 



SETUP: R - 8.315 J.'mol-K 

EXECUTE: (u) The pV diagram for these processes is sketched in Figure 19.62. 

T p 

<It> Find 7. For pnxess 1 -> 2. n. R . and/» are constant so —-constant. 

I nR 


and 


r. - 7'. I — I - (355 KM2) = 710 K. 


(c) The maximum pressure is for state 3. For procc 


2 -+ X n. R . and T are constant. />.*'» - p.)’, and 


p, =-Pi\ l y (2-40x10* PaK2) = 4.80 x10 s Pa. 


(ell process 1 -♦ 2: W - pAY - nRAT = (0.250 nxilX8.315 J mol KK7I0 K -355 Kl - 738 K. 


process 2->3: \V =jt/?7*lnj if j = (0.250 molK«315 Atari-KM710 K)ln| 1;^-I023J. 
proccs 3 -+ L AK - 0 and W - 0. 

The total work done rs 738 J + (-1023 J) - -285 J. His is the work dooc by the gas. The work dooc on the gas is 
285 J. 

EVALUATE: The final pressure anti volunx arc th: same as the initial pressure and volume, so the final state is 
the same as the initial state. Foe the cycle. AU - 0 and O - \V - -285 J. During the cycle, 285 J of heat energy 
must leave the gas. 

p 



19.63. IDENTIFY and SET L'P: Use th: id:al gAs law. the first law and expressions for Q and H' for specific types of 
processes. 

EXECUTE: (u) initial expansion (state 1 -> state 2) 

2.40x10* Pa T { -355 K. *2.40x10* P», K 1 *2J' I 
pV - nRT: T/V - pinR ^ constant, so T t l V x = T : /K and T : * T X (Y 3 fV % ) = 355 K(2 V x tV x ) »7I0 K 
Ap- 0 so H m -pAY-nRAT -(0250 molXS.3145 Atari-KK710 K- 355 K1 =+738 J 
Q = nC,AT = (0.250 molK29.17 J/mol • KX710 K - 355 K> = +2590 J 
A6* *0 -W = 2590 J - 738 J = 1850 J 
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(h) Al the beginning of the final cooling process (cooling at constant volume!. T - 710 K. The gw returns to its 
original volume and pressure, so also to its original terryieraturc of 355 K. 

AKaO so H'=0 

Q^ nC. AT a<0.250 molX20.S5 J mol KX355 K - 710 K)- -1850 J 
A6 ^0-H'=-IS5OJ. 

(c) For any ideal gas process AL r - nC,AT. For an isothermal process A7* - 0. so A U - 0. 

EVALUATE: The three processes return the gas to its initial state, so At/.^ - 0; our results agree with this. 

19.64. IDEN tin: pV - >\RT For an adiabatic process of an ideal gas, Ty{* - T.Y' 

SETUP: For N a , f=l.40. 

Execute: (u) The p I -diagram is sketched in Figure 19.64. 

0*> At constant pressure, hahmg the volume halves the Kelvin temperature, and the temperature at th: beginning 
of the adiabatic cxpansicei is 150 K. The volume doubles dunng the adiabatic expansion, atxl from Fq. (19.22k the 
temperature at the end of the expansion is (150 KMl/2)" 4 * - 114 K. 

(c) The minimum pressure occurs at the end of the adiabatic expansion (state 3). During the final heating the 
volume rs held constant, so the minimum pressure is proportional to the Kelvin temperature. 

— <1 .SOw 10 1 PaMI 14K/300 K)-6.82»10' Pa. 

Evaluate: In th: adiabatic expansion the temperature decreases. 

p 



1 -V 

Figure 19.64 

19.65. IDEVTIFV: Use the appropriate expressions for Q. W and A V for each type of process. A U -Q—W can also be 
used. 

SET Up: For N„ C, - 20.76 J/mol K and C\ - 29.07 J mol K. 

Execute: (u) WmpAV = nRAT = (0.150raol)<&.3145 J/mol KX-150 K) = -187J, 

Q - nC,AT = <0.150 molX29.07 mol KX -150 K) ^ -654 J. AU a Q -W = -467 J 
<h> From I:q. (19.24(. using th: expression for the teir^veraturc found in Problem 19.64. 

W _(0.150 mol(8.3145 J mol KK 150 KXl -(1/2"•*) - 113 J. Q = 0 for an adiahitic process, and 

AU=Q-W*-W = -113 i. 

<c> AY - 0. so IF - 0. Using the temperature change as found in Problem 19.64 anJ part <bh 
Q = nC, AT ^ <0.150 milX20.76 J/mol KX300 K -113.7 K) - 580 J and AL r -Q- \V -(? = 580 J. 

Evaluate: For etch process we could also use A U - nC, AT to calculate A U. 

19.66. Identify: Use the appropriate expression for If* for each type of process. 

SET Up: For a monatomic ideal gas, y - 5/3 and C, - 3 Rf2. 

Execute: (u» w -nRT in(iy^)- nffrin<3) = 3.29«io‘ J. 

<b»(? = 0 «I W = -&V - -nC,&r. W' -Tyr'sWo r, = 7;<l/3) J ‘. Then 
W = nC, T,0-0ftf ‘)=2.33* 10' J. 

(c) V, - 31’,. *1 \V = p\V - 2pV, -2n/tr,= 6.00-10' J. 

(d) Each process is shown in Figure 19.66. The most worit dceie is in the isobaric process, as the pressure is 
maintained at its original value. The least work is done in the adiabatic pn>:c*s. 

<e) The isobanc pn*:cxs involves the most weffk and the largest temperature increase, and so requires the most heat. 
Adiabatic processes involve no heat transfer, and so the magnitude is /cto. 

(O The isobaric process docfclcs the Kelvin temperature, and so has th: largest change in internal energy. The 
isothermal process necessarily involves no change in internal energy. 
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19.67. 


19.68. 


EVALUATE: The work dune is the area under the path for the process in the ^'-diagram. Figure 19.66 shows Ihit 
the week done u greatest in the isobaric process and least m the adiahitic process. 



(0 


Figure 19.66 

IDUVIIKV: Assume llic compression is adiabatic. A^ily 7|F; ' - Tyj 1 and pV - nRT. 

Sr.I UP: For N,, »= 1.40. I’. =3 (10 L p = 1.00 aim = 1.013x10' Pa. r = 273.!5K. V. = F. 12 = 1.50 L. 


Execute: (a)^^ 


1273.15 KI 


1/2 


[273.15 K»2l" - 3604 K =873 ! C. £L.-£ iL. 


p.-p,\'± •ILUd.ooa.m.-iL “2dJL 
V % n T I V /2 273.15 K 


- 2.64 atm. 


(b) p w constant, so — - — - constant and K - K — I -11.50 L)j -—-—— : - 1.14 

T T t } r, *irj • 3«UK 

Evaluate: In an adiabatic con'prcssion the temperature increases. 

I DEM in: At equilibrium the net upward force of the gas i>n the piston equals tlx weight of the piston. When the 
piston moves upward the &ls expands, the pressure of tlx gas drops and there is a net downward foxee on the 
piston. For simple harmonic motion the net force has tlx form F f - -Jr, for a displacement y from equilibrium. 

udfm±K 

2 xym 

SET L’P: pV - nRT. T is constant. 

(a) The difference between tlx pressure, inside and ixitsidc the cylinder, multiplied by the area of the piston, must 
be the weight of the piston The pressure in tlx trapped gas is p t , -f - /?, ■t -ii. 


T* 


(h) When the piston is a distance A t » above the cylinder, the pressure in the trapped gas is 


m Z 

711 


and for values of »• small compared to h. 


k + y 


It- 


- 1 - The net fewee, takinc the positive direction 


be upward, is the then /* _ » 


( A+ ^ )l. 1 ■ t I ■( r)( p,x ' f ^ 


This form shows that for positive A*, the net force is down; the trapped gas is at a lower pressure than the 
equilibrium pressure, and so the net force tends to restore the piston to equilibrium 

. (pjir‘+mg\ih p,xr-\ 

(c> Tlx aneular frequency of simll oscillatKins would be given by a>‘ - — 1 -t -- 

»'X I 
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19.69. 


It* the displacement* arc not small, the motion is not simple harmonic This can tv seen he cceisidcnng what 
happen* if y — h ; the gas is compressed to a very srmll volume, and the force dix to the pressure of the gas 
would become unboundedly large for a finite displacement, w hich is not chararlcristic of simple hamionic motion 
If v » h I but not so large that the piston leaves the cylinder), the force due to the pressure of the gas becomes 
small, and the restoring force due to the atmosphere and tlx weight would tend toward a constant, and this is not 
characteristic of simple harmonic motion. 


Evaluate: The assumption of small oscillaticvi* was made wlxn 


«1,V 


was replaced by 1 - yih: this is 


accurate oily when ytht s smill. 


iDEvniY: i r-f 'pjr. 


SET Up: Tor an isothermal process of an ideal gas. W - nRT Inf V\ j\\ 


Execute: (u) Solving for p 
nRT 
V 


function of V and T arxl integrating with respect to !. 


^L-^LandH*-!' pJV-nRT\i\ L 

-„b V J • -nh ' I »; » ' 


When a-b-0 s II' - lift 7'In (I',/I"). J' expected. 

(b) < I) Using the e.vpccwion found in pail (a), 

H' - (I .80 nuJ){S3145 J mol K)(300 K) 

14.00«10 1 m‘)-(l.80 mu4|(6.38-IO' m'/mnl) 

(2.00-10 * m')-(I.K0 mi>H(6.3S»IO 7 m’/nwl) 

»10.554 J m'/mol' |( 1.80 mol | -!---!- 

1 ’ *' [ 4 .OO-IO m 2.00-10 mj 

H'-2.80-10* I. 

(ii> H' - nfi71u<2| = 3.l1 x 11>* J 


<c) The work for the ideal gas is larger by about 300 J. For this ease, the difference due to nonzero a is more than 
that due to nonzero h. The presence of a nonzero a indicates that tlx nxdcculc* are attracted to each other and so Ai 
not do as much wor k in the expansion. 

EVALUATE: The difference in the two results for If' rs abnut 10*‘r v which can be considrred to tv important. 
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20.1. iDEVim : For a heal engine. H' - I c- Q tl >0. Q < <0. 

i?ii 

Sir Ip: IT* 2200 J. |<£|-4300 J. 

Execute: (u> Q u - w *|fi | -6500 1. 

2200 J 

<b» e -0.34 - 34%. 

6500 J 

EVALUATE: Since Ibe engirx operates on a cycle, lb: ncl (J equal ihc net W. Bui :o calculate the efficiency we 
use the heal energy input. Q u . 

20.2, IDENTIFY: Fora heal engine. H' - I0J-IQ I. e -. Q u >0. Q < < 0. 

0i 

SET L’P: \O u \- 9000 J |0 |- 6400 J. 

Execute: m> H' *9coo j -6400 J ^ 2600 j. 

<b> C - — - Z-—— _ 0.29 - 29%. 

0 4 90M J 

EvAI.I' ate: Since the engitx operates on a cycle, lb: ncl Q equal Ihc nel W*. Bui to calcuhtc the efficiency we 
use the heal energy input. O u . 

20 J. IDENTIFY and SET l*P: Tb: problem deals with a heat engine. W - +3700 \V and 0, - + 16.100 J. Use 

Fq(20.4i to calculate ihc efficiency <• and Eq/20.2) to cakulate |Q | Power - Wit. 

_ work output W 3700 J A<1% 

Execute: <u> c -1-0.23-23%. 

heal energy input 0 M 16.1 <Xi J 

< b > H' = 0 a |8,|-|fi| 

Ileal discarded it |0, •*' - 16.100 1-3700 J - 12.400 J. 

(c) Q u is supplied In* burning fuel: Q u - mL where L is Ihe heal of comhustiixv 
0, 16.100 J 

m - ill----0.350 il 

^ 4.60x 10 J'g 

«!) W s 3700 J per cycle 

In / - 1.00 s lb: engine goes through 60.0 cvclcs. 
r - Wft - 60.0(3700 J* 1.00 s ^ 222 kW 
P ^ (222 X10* wx 1 hp 746 W)» 298 hp 

Evaluate: 0 - -12,400 J In one cvcle O - Q + fl. - 3700 J. TTiis equals H for one cycle. 


20.4. Identify: W *k>J-|0 I e-— 0«>O. 0 <0. 

(j 


SETUP: For 1.00s. Jf’-180x|0‘ J. 

.. « , _ W 180x10* J 

Execute: ( u ) 0,-— 


6.43x10' J. 


(b> fe\*\0*\-W -6.43x10' J -1.80x10* J -4.63x10' J. 

Evaluate: Of the 6.43 x 10* J of beat energy supplied to the engine each second. 1.80x10' J is converted to 
mechanical week and the remaining 4.63x10' J is discarded into the low temperature reservoir. 


20-1 
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20.5. 


20 . 6 . 


20.7. 


20 . 8 . 


20.9. 


20 . 10 . 


Identify: W - \g,\ - |y, | r - — Q 4 > 0. Q ( < 0. Dividing by r give* equivalent equations for the rate of 

Qu 

heat flows and power output. 

SET t’P: W ft - 330 MW. |0 4 |ft * 1300 MW. 

.. , % w Wft 330 MW 

EXECUTE: (u)c- —- 


25 - 25%. 


Q 4 QJt 1300 MW 
lb) |0 | - |PJ - IT so 10. \it -10,|. / - /# - 1300 MW - 330 MW - 971) MW. 

EVALUATE: The equation* fee c and W have the xanx form when written in term* of power output and rate of 
heat flow. 

Identify: Apply c = I—L. c-i-Mi. 

'" KM 


s»:r l H: In pari <b|. O - 10.001 J. The beat diwarded u (0,1. 


Execute: (utc-l- 


9.50’“ 


)‘91 - 59.4%. 


Ib>|0,| =|0„|(l - e) - (10.000 IHI - 0.594140001 

Evaluate: The work ouipui of ihc engine is W - |O u | - (g | - 10.000 J - 4000 J - 5940 I 
I 


IDENTIFY: e-1- 


r'- 


Set IT 1 : v - I 40 and c - 0.650. 


Execute: —_ .. t -<*=0.350. r 


and r -13. 


0350 

Evaluate: e increases when r increases. 

IDEMIFY: e = l -r 1 ’ 

SET UP: r is the compression ratio. 

Execute: (u) c- I - (8.8) = 0.581. which rounds to 58%. 

(h) e- 1 -(9.6)*'*’ -0.595 an increaseof 1.4%. 

EVALUATE: An increase in r gives an increase in c. 

Iden tin and SET UP: For the refrigerator K - 2.10 and Q = +3.4 x 10* J. Use Eq.(20.9) to calculate 
then Eq.( 20 . 2 ) to calculate Q u . 

(a) EXECUTE: Performance eoeflicient K -0 t . |W | (liq.20.9) 

>'K -3.40x 10* 1/2.10- 1.62x10* J 

(b) SET Up: Ike operation of the device is illustrated in Figure 20.9 

Execute: 

«■=£*& 

Qm^-Qc 

Q u = -1.62. 10* J-3.40-10* J =-5.02-10’J 
(negative because beat goes out of the system) 

Figure 20.9 

Evaluate |0 44 | - |IF| -101. Ike lurat | O u | delivered to the high temperature reservoir is greater thin the bra: 
taken in from the low temperature reservoir. 

Identity: K=j|j*nd l&M&m 

Set Ilf: Tbc heal removed from the room is |Q | and llic heal delivered to Ibc hoi oubtide in |0„|. 

|l» | - (850 J *M60.0 i| - 5.10-10* J. 

Execute: (at |fi|=A'|»|=(2.9)(S.I0-I0* J)=l.48-I0‘ J 
(b> K?„|-|fi| + (r|=l.4S*lO' I *5.10-10* J = 1.99-10' J. 

Evaluate: (c) 10.1-10 I-IhL so |ft|>to I 


vt.-J 



r<<j 
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20 . 11 . 


20 . 12 . 


20.13. 


1DEV UfY and SET L'P: Apply liq.(20.2> to the cycle and calculate |H | and then P - \P\t- Section 20.4 shows 
that E:ER = {3.413}A. 

(a) The operalxm of the device is illustrated in Figure 20.11. 

Extern: 

Q =+9.S0xl0' J 
0_ = -|.44-lO‘ J 

R*«rc 20.11 

H'=Q C +Q„ = -t9.80<IO' J-1.44x10' J = -4.60«10* J 
r = WU - -4.60-10' J'60.01 = -767 W 
<b» F.1:R - (3.413)1' 

K = |0 | |>l |-9.S0-10* J4.60-10' J = 2.15 
EER =(3.415X2.131 = 7.27 

Evaluate: IF negative means power is consumed, not produced. by the device. 

I 

ID..MUV: k'„|-|y,|-|» | A' = EJ. 

•f 

SETUP: For water, c. = 4190 Jlg-K and L, =3.54-10' Jig. lee ice. c.. = 2010 Jlg-K 
Execute: <u> Q = mc^\T^-mL, 'Die.AT.. 

0 = 0.80 kgKl2010 Jig K||-S.0C]-3.34-10' Jig'[4190 Jig■ K]|-25.0C“l) = -8.08»10’ J 
Q - -S.OSx 10 J. Q is negative for the water since heat is removed from it. 

<b)|0| = K.08X10' J. If - - S " K ‘" 1 = 3.37-10' J. 

1 K 2.40 

<c> |0.,|-S.Ce-IO’Jr3.37«IO'J=l.14-10' J. 

EVALUATE: For this device, Q c >0 and Q u < 0. More heat is rejected to the room than is removed from the 
water 

IDIAIUV: Use Eq.(20.2) to calculate |f * | Since it is a Carnot device we can use Eq.(20.13) to relate the heat 
flows out of the rc*crvoirv Tlx reservoir temperatures can be used in Eq.<20.14) to calculate c. 

(a) SEI UP: The operation of the device is sketched in Figure 20.13. 


Exec itt: 

W=Qc+Qu 

W --335 J -t 550 J - 215 J 




(l») For a Carnot cycle. — (Eq.20.13) 

F**| T u 

T=r E! = 620 K f”LL| = 378K 
f "|0„| 550 J J 

(c> <Carool| = l-^/r M = 1 -378 K/620K =0.390 = 39.0% 
Evaluate: We could use the underlying definition of c (Eq.20.4): 
eair/0| =<215 JV(550J) = 39%, wiiich checks. 
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20.14. 


20.15. 


20.16. 


20.17. 


IDI.VIIIY: G <°> *■-— FwjCjitxk cycle 

Q* Qh r n 

S»:I Lp: I, - 300 K. r„ = 520 K. |0„| - 6.45x 10' I 

Execute: (» Q = -fi,| j- j — IMS»iO ))\ j- -3.72.io‘ J. 

(Ill |*F|-|0,|- | - 6.45x10' J -3.72x10* J - 2.73" 10‘ I 

-0.423,42.3%. 

6.45x10* J 

Evaluate: We can verify tliat r = 1 - 7; r„ also gives r - 42.5%. 

H' ry j" 

Idem n\: c - — fix any engine. Far the Carnot cycle. —- - . 

a. a * 

SEr IP: r, - 20.0‘C-273.15 K - 293.15 K 

Execute: ,., a Z^-424,o'l 

|b) H'-Q„tQ, *a Q -» -Q. = 2.5x10* J-4.24x10* J■-1.74x10* J. 

7„ = -T c Si. _ -,293.15 KI 4 - 24 ’‘"' ' U714 K - 44I*C. 

" '(?, 'l -1.74x10 I 

Evaluate: Foe a heat engine. W > 0. Q u > 0 and Q i < 0 
iDKMitv and SET L’P: Tlx device is a Carnot refrigerator. 

We can use Eqs.(20.2) and (20.13). 

(a) The operation of the device is sketched in Figure 20.16. 


r M 24<rc S 297 

r - Q.Q : C - 273 K 


Tlic amount of heat taken out of the water to make the l»quid -+ solid phase change is 

Q - -w/ n - -<&5.0 kg N 334 x 10* J.'kg) - -2.84 x 10 J. This amount of beat must go into the wocking sutwlance of 
the refrigerator, so Q - *2.S4xlO J. For C arnot cycle |G | j(?n|- 
Execute: |p M |-|Q; |ir H .'T t )-2.84x10’ *297K/273K)^3.09x1 O' J 
|b) W - Q. •*Qu - +2.84 x 10 ? J-3.09xl0 ? J = -2.5xlO» J 

EVALUATE: if is negative became this much energy must be supplied to the refrigerator rather than obtained 
from it. Note tliat xn Ivq.(20.13) we ntutf use Kelvin temperatures. 

Ideviuy: p M |-|rUfeL (?„<0. Q t > 0. For a Camol cycle. — - . 

I"'| Q. r M 

SEr I p: I, - 270 K. 7| - 320 K. |». | - 415 J. 

K,a -(t) a -(^) ,4,s 11 

(b) For imic cycle, |(| — |C?i, |—|G | — 492 I - 415 J - 77 1 . P '■ -- 212 \V. 

(c> A'-^J-HLL_S.4. 

|l | 77 J 

EVALUATE: The amount of beat energy |0,| delivered to the high-temperature reservoir is greater than the 
amount of heat energy \Q < I removed from the low temperature reservoir. 
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20.18. 


20.19. 


20 . 20 . 


20 . 21 . 


iDt-MUY: I - |C?.< | — ( l For a Carnal cycle. —. where the temperature* mini be «n kclvin*. 

Qu r - 

SEI !p: -10.0‘C - 26?. 15 K. 25.0°C - 298.15 K. fl.0 : C273.IS K and -25.0‘ I C = 24S.I5 K. 

Execute: (u> The heal it discarded al a higher tcn^*cratuie. and a refrigerator 11 required. [^ (1 | -|g |(f„ IT ,) 
and I «T u fT ( )-1)-(5.00xi0‘ J)«298. 15 K/263. 15 K ) -1) = 665 J. 

(b) Again, the device it a refrigerant, and |M” |- (5.M-i0‘ J«(273.I5 K/263.15 K) -I) - 190 J. 

(c> The device is an engine: th: heal is taken from the hot reservoir and llic work done by the engine is 
|W |- <5.00-10' J)(I -(248.15 K/263.15 K)>-285 J. 

EVALUATE: Tor a refrigerator work must he supplied to tbc device. Tor a heat engine, there is mrchanxal work 
output from the device. 


Idf.n I1FY: The theoretical maximum performance coefficient is K 


K 




K - Ej la lithe heat 


removed from the water to convert it to ice. Tor the water. J9| - mc^AT + /w/ n . 

SETUP: r, - -5.0°C - 26S K. 7^ - 20.0 : C - 293 K. r* =4190 J.'kg K and L, - 334x10' J.kg. 
Execute: (u) In one year th: freezer operates (5 h day H 365 days) - 1825 h. 

730kWh 


825 


[b) K 


268 K 


- 10 ? 


293 K - 268 K 

lc> |T| - Pi - (400 W)| 3600 s)- 1.44x10* J. |0|-A |IT| - 134x10 J. \0\ - me, AT * mL, gives 

nr = _'• 54>I °' J _»36.9 kg. 

c.A7* + L, 14190 J kg KH20.0 K)-f 334x |0‘ Jig 

Evaluate: Tor any artual dev ice. K < A t -b4 , |p, | is less than we calculated and th: freezer makes less ice in 
one hour than the mavs we calculated in part (c). 

IDENTIFY: The total work that must be dime is - mg Ay. |fJ| - |y u | - Jp, | Q M >0. W > 0 and Q % < 0. Tor 

Carnot cycle. — - - —. 


a 


Setup: T.-373 K. f M a 773 K. |ftj* 250 J. 

Execute: {? =-^| Zj- j = -<250 Jlj ZlLjij»-l21 J. p | - 250 J -121 J - 129 J. This is the work dooe 

one cycle. W m - {500 kgK9.80 ovs 3 Ml00 m) - 4.90 x 10' J. Th: number of cycles required is 

IT.. 4.90x10' J 


3.80x|0‘ cvelcs. 


p| 129 J/cyrlc 
Evaluate: In . the temperatures must be in kelvins. 

0. r M 

Identify: e- —-lFor a Carnot cycle iL--2Lsnd ra|-2L. 

a a * a T » l 

Set Up: T u -800 K. Q t = -3000 J. 

Execute: For a heat engine, Q u - -Q/(I -<•) - -<-3000 J >/< 1 - 0 600)- 7500 J. and then 
W ^ =. (0.600X7500 J)-4500 J. 

Evaluate: This does not make use of tbc given value of 7j,. If T u is used. 

then T ^ T ( 1 -e) ^(800 K)(l - 0 . 600 ) ^320 K and Q - -QTJT . which gives the same result. 


IDENTIFY: IT - O, + (L. Tar a Carnot cycle, . Tor the »:c to liquid water phase transition. O - mL . 




SlI Up: For water, L - 334 x 10‘ J/kg 


20 . 22 . 
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20.23. 


20.24. 


20.25. 


20.26. 


Execute: Q --ml, --(o.oiookg)(334.lo‘ J,kg}^-1.336x10' J. £---ZL g iv« 

Qi 

a,=-(Ji/T f )G --(-1.336*10* J)[(373.l5K)/(273.15 K)] - t-l.S’SxlO* J. H'-Q T (?u =4.89* 10* I. 
Evaluate: Fi>r a heat engine. {J, is negative and is positive. The heal that comet out of the engine 
(Q < 0) goes into th: ice ( O > 0 >. 

H* T W 

(DB.M1FY: The power output is P -The thcocetical maximum efficiency ix e -1-—. «*--— 


a. 


SETUP: Q, -1.50*10' J. 7;-3S0K. T - 650 K I Kp - 746 W. 


EXECUTE: *' - I -2L -■ 1 - 35<l K ^0.461S. H'-cO ^ (0.4615X1.50*10' J) = 6.923xl0‘ J; lhi« ix the 

r 650 K 


week output in ooc cvckr 


- = » 1 J2IK6.<.23. | 0»J> e , 7 -„ 0 | 


&U.Q 5 


Evaluate: We could alio roe — - - — lo calculate Q -- — Q, - - (1.50*10* J|--8.08*10' J. 

a, r_ u r. 650 k 


u« 

Then W - Q, r Q u - 6.92'10' J. lb: tame at. previously calculated. 
Ides IUY and SET UP: c,„. - 1 - L-. AT. = T< 




Execute: (u> 7, - r„(l -c). A." - —- '/ — — 

EVALUATE: (b) When e -* 1. K -»0. When c -* 0. K 

e -> 1 when |Q |« |y,-1 it small in this limit. That is good for an engine since |y, | it watted. But it it bad 

for a refrigerator tincc J2 | ix w hat it usctul. c ->0 when |(J, | —> |&i | and |f | it very small. That it had for an 
engine but good for a refrigerator. 

IDEs : AS - 2 for each object, where T mutt be in kclvint. The temperature of each object remains constant. 
s»:r L’P: For water. L x 3.34 x 10' J-kg. 

EXECUTE: (a) The heat flow into the ice is Q-ml , -(0.350 kg*3.34xl0' J/kg) = U7x \& J. The heat flow 
occurs at T - 273 K. so AS-y i '._ . |n ' -429JK O npositive and AS ix positive. 

lb) O ^ -1.17x10’ J flows cot of'lhc heal source. at T - 29S K. AS - — ■ 1 - - - L - -393 IK. Q is 

T 29K K 

negative and AS is negative. 

(c> \S lA -429 )K ^-(-393 J/K) = -f36 J K. 

EVALUATE: For th: total isolated system. AS >0 and the process is irreversible 

IDENTIFY: Apply Q 4M - 0 to calculate the final temperature. Q - me AT. F.xampkr 20.6 shows that 

AS - «ir lh TJT ) when an object undergoes a temperature change. 

s»:r UP: For water c = 4190 J/kg • K. Boiling w ater has T - 100.0°C ^ 373 K. 

Execute: (u> The heat transfer between 100°C water and 30 : C water occurs over a finite temperature 
thlference and the process it irreversible. 

(b) (270 kgkfTj -30«C)-f (5.0)kglcir. - 100’C) -0. T } = 31.27 ^C;-304.42 K. 

(c) AS-<270 lgK4!90 J/kg K)lnj |r(5.CO k B K4l90 J.lg Kiln) ■ ' / ' 

AS - 4730 J/K r (-4265 I K) = ^470 IK. 

Evaluate: AS t ^ >0. as it should for an irreversible process. 


IDEVIIFY: Both the ice and the room arc at a constant temperature, to AS - For the melting phase transition. 
Q - mL t . Conservation of energy requires that the quantity of heat that goes into the ice is th: anxiunt of heat that 
conxs out of the room. 


20.27. 
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20.28. 


20.29. 


20J0. 


20.31. 


20.32. 


Si:r UP: For ice. - 334 x I0 l Jkg. When heal flows into an object, Q > 0. and when heal flows out of an 
object. Q<0. 

Execute: I a) Irreversible because heat will not spontaneously flow out of 15 kg of water into a warm room to 
freeze the water. 


<l» AS = AS*. ♦ AS. 


ml. -m L (1S.0 kglUMxlO' ) kg I -<I5.0 k B )<334x l0‘ J.Vg) 
r. f r... 273 K ' 293 K 


.VV - *1250 Ji'K. 


EVALUATE: This revolt is consistent with the answer in (a) because AS >0for irreversible processes. 
Identity : O - iiirAT for the water. Example 20.6 shows that AS - me InfTVIJ) when an object undergoes a 
temperature change. AS - QfT fee an lsothemial process. 


SETUP: For water, c -4190 Jkg K. &5.0 : C - 35S.2 K. 20.0°C - 293.2 K. 


Execute: (a) \S-meh\ ^ ] = (0.2S0 kg*4190 J.fcg'K)ln| ^-7Y |=-2I01K. Heat comes exit of the 
water and its entropy dxrca.vcs. 

< 1>> Q-mcAT = <0.250 kg|<4190 Jig - K|(-65.0 K) = -6.8lxl0 4 J. The amount of heat that goes into the air is 

f6.8lx I0 4 J. For the air. AS - — - "" l ' l " j +232 I.TC AS a = -210 J.K -f 232 J/K = r22 JK. 

7* 293.1 K 

EVALUATE: >0 and the process is irreversible. 

O 

IDENTITY: The process is at constant temperature, so AS - y- A U -O- IT. 

SET Up: For an isothermal process of an ideal gas. MS = 0 and Q - W. For a compression. W < 0 and W < 0. 

Execute: o=if = -1850J. as v ' J --6.31 j k. 

293 K 

EVALUATE: The entropy change of the gas is negative. I leal must he removed from th: gas during the 
compressicei to keep its temperature constant and therefixe the gas is not an isolated system. 

IDENTIFY and SET L p: Tlx initial and final states arc at the same temp er a ture, at the norim] boiling point of 
4.216 K. Calculate the entropy change for the irreversible process by ccmsidcring a reversabV: isothermil process 
that connects the same two states since AS is path independent and &pcnds ceilv on the initial and final states. 

For the reversible isothermal process we can use Iq.(20.18). 

The heat flow for the helium is Q - -n\L .. negative since in condensation heat flows out of the helium. The heat of 


vaporization ^ is given in Table 17.4 and is L, - 20.9 x 10 1 J ig. 

Execute: Q=-mL = -<0.130 kgX20.9x|0 l Jig) = -2717 J 
AS = Qi T = -27 1 7 J.421 6 K - -*44 1 K. 

EVALUATE: The system we considered is the 0.130 kg of helium: AS is the entropy* change of the helium TTiis 
is not an isolated system since heat must flow out of it into some other matcnal. Our result that AS < 0 doesn't 
violate the 2nd law siixc it is not an isolated system. The material that receives the beat that flows out of the 
helium would have a positive entropy change and the total entropy change would he positive. 

Q 

Identity: Each phase transition occurs at constant terrperature and AS-. O - mL t . 


Set Up: For vaporization of water. L, = 2256 x 10' Jkg. 

Execute: (■> AS Olf- (lai 1 tg> -6.05.10' J/K NolcthnllhUialbc change of 


entropy of the water as it changes to steam. 

<b) The magnitude of the entropy change is roughly five tinxs the value found in Fxample 20.5. 

Evaluate: Water is less ordered (more random l than ice. but water is far less random than steam; a 
consi&ration of the density changes indicates why this should be so. 

IDENTITY: TTic phase transition occurs at constant temperature and AS - !tL. O - mL . Tbe mass of one mole is 


the molecular mass A/. 

SET UP: For water. L, - 2256x10' J kg. For N>. 3/ - 28.0x 10 1 kg.Hiol. the boiling poem is 77.34 K and 
L, - 201 x 10' J kg. For silver (Agk A/ = 107.9x 10 ‘ kg mol. the boiling point is 2466 K and L x - 2336x10* J.kg. 
For mercury (llg), A/ - 200.6x 10 * kg mol. the bailing point is 630 K and ^ - 272x10* J.kg. 
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EU3. 


20.34- 


20.35. 


Execute: ^ < l,0 » 10 ' ‘****>'* > >W ^ 

r 7* (373.15 K) 

(2g.0xl0->W20lx l Q> W» . 72J J/K . <107.9.,0 > fcs K2»6-.0 l l Ma|M , JK 


liy: 


(77.34 K) 
(200.6x10 ' kp)(272xl0‘ J.'kgt 


12466 K» 


- ,S6.6 J K 


(630 KJ 

(c> The results arc the same order or magnitude, all around 100 J/K. 

Evaluate: The entropy change is a measure of the increase in randomness when a certain number (one mole) 
goes from the liquid to the v^ior stale. The entropy per particle for any suhstaixe in a vapor state is expected to be 
roughly the same, and since the randomness is murh higher in the vapor state (see Exercise 20.31). the entropy 
change per molecub is roughly the same for these substances. 

IDKXTIFY: During the phase transition the gallium is at a constant temperature equal to the mehing point of 
gallium Your hand is at a constant temperature of 98.6 ; F - 37.0°C - 310.1 K. I leal |g| - «i/ n flows out of your 

O 

hand and into the gallium. l or heat flow at constant temperature. AS - 

Set Up: For gallium. L { - 8.04 x 10 4 J kg and the melting point is 29.8 & C = 303.0 K. 

Execute: -(25.0-10 ‘ kgXS.04x|0' J/kg)-2.0UI0* I. hot your 


„ O - 2 . 0 lxl 0 ‘; 

r 310.1 K 


gallium. AS 


• -6.48 I'K. I lent flows out of your hand. Q is negative, and AS is negative. For the 
The temperature of the gallium is less than that of your hand and |f>J is the same, so the 


303.0 K 

magnitude of the entropy change of the gallium is greater than the magnitude of the entropy change of your hand. 
EVALUATE: For the gallium. AS > 0. so AS t#OM > 0 and the process is irreversible. 

Identify: Apply 1^ (20.231 and follow th: procedure used in Example 20.11 

SET UP: After th: partition is punctured each molecule hat equal probability of being on each side of the box. 

The probability of two independent events occurring simultaneously is the product of the probabilities of each 
separate event. 

EXECUTE: (u) On th: average, each half of the box will contain hilf of c&:h type of molccuk. 250 of nitrogen 
ind 50 of oxygen. 

(b) Sec Fxamplc 20.11. The total change in entropy is 

AS - AA f jK2)+ *A r : lnf2l = <A\ + M2) = (6O0M.38I x 10J/K) ln(2)= 5.74x10“" J/K. 

(c) The probability is (121“ x (1/2) 11 * = (lf2)“* = 2.4 x 10 m . aixl is not likely to happen. The numerical result for 
part (c) above may not be obtained directly on some standard calculators. For such cakulitors. the result may be 
found by taking tbc log base ten of 0.5 and multiplying by 600. then adding 181 and then finding 10 to tbe power 
of the sum. The result is then 10 “‘xlO 1 ’^ * 2.4x10 

EVALUATE: The contents of the box constitutes an isolated system. A.V > 0 and tbc process is irreversible. 

(a) IDENTIFY and SET Up: The velocity distribution of I:qX 1832) depends only on T. so in an isothermal process 
it does not change. 

(b| EXECUTE: Calculate th: change in the number of available microscopic slates and apply f:q.(20.23). 
hollowing the reasoning of KxampV: 20 . 11 . the number of possible positions available to each molecule is altered 
by a factor of 3 (becomes larger). I Icncc the number of microscopic states the gas occnpocs at volum: 31* is 
H\ - (3)' h’j, where iV is the number of molecules and h*, is the number of possible microscopic states at tbc start 
of the process, where tbc volume is V. Then, by Eiq.(20.23). 

AS - X ln( Hj) - X Ini3) s * \k ln<3> - n\\k ln<3> - nR Inf 3) 

AS-(2 00 n»lWW8.3l4$ JAnol Klln<3> -+18.3 JK 

(c ) IDENTIFY and SET Up: For an isothermal reversible process AV - Ql T. 

Execute: Calculate H* aid then use the first law to calculate Q. 

AT - 0 implies A U - 0. since system is an ideal gas. 

Then by AV*Q-W % Q-W. 

For an isothermal process. W - j p dV - J (nRTfV)dV - n/^nnCK.T,) 

Thus Q^nRT\sdYitV%) and AS - Q (T - nR Inf \\l\\) 

AS - (2.00 ua.vIii 8.314S J mol• KI ln<31* /U,) - +18.3 IK 
Evaluate: This is the same result as obtained in part (b). 
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20.36. 


20.37. 


20.38. 


20.39. 


IDEAnn: Example 20.8 shows that for a free expansion. AS - nR In< V 2 f V x ). 

SET L'P: y, - ’.40 L = 2.40* 10 ' m‘ 

Euatt: AS - f0.100 mol MK. 314 J.'moJ Kiln, - ^ -| - 10.0 !'K 

EVALUATE: >0 and the free expansion is irreversible. 

lot.Mitv: .-,^-1 -L~. *=— 

fit 

SKI Up: pV = nRT ; Ihc 300 K uMhcim lies below the 400 K nolhemi in thepl’-diagram. 

Execute: (■> c -1 - — _ 0.200 - 20.0%. 

500 K 

(b) (?„= — - : "' i- lo.oooi. |C>, | -|C?„|-1»’| - io.ox j -2000 j-soooj. 

(c> Tlie 51X1 K and 400 K isotherms and the Carnot cycle emending between those isotherms arc sketched in 
Figure 20.37. 

(d) The 300 K isotherm and the Carnot cycle operating between the 500 K and 300 K isotherms are also sketched 
in Figure 20.37. 

<e) The cycle with T, - 300 K encloses more area tlian the cycle with T t = 400 K. 

<0 Less work is dt*>c on the gas during the compression at lower temperature, so less heat is ejected to keep the 
internal energy and tcmfCTJturc constant. 

Evaluate: For T x - 300 K. - 0.400. W ^ cQu ^ (0.400M 10.000 J> ^ 4000 J. |Q | - 6000 J. 


y 



SETUP: For water. L t =334x10* J,kg. Q H > 0. Q i <0. Q< 7„ = 527*C = 800.15 K 

Execute: on q h = +400 J. W = +300 ). Q < « ir-ft, - -100 j. 

T c s - Vfi /ft > a “<800. 15 K)(( -100 J)/(400 J)) = +200 K ^ -73 : C 

The total Q < required w -mL x --(10.0 kg)(334x 10' J/kg) --334x10* J. g for one cycle is -100 J. so 


the number of cycles required is -- 3.34 x 10 4 cxvlcs. 

’ H -100 J/cyde 1 

EVALUATE: The results depend only on the maximum temperature of the gas. not on the number of moles or the 
maximum pressure. 

Idea ntv: - 1 . where 7J and T u must be in kclvins. 

SET UP: T % = -90.0°C - 183 K. 

Execute: (u» r. --5— fix .• -0.400. r. IK1K = 305 K. For c = 0.450. r» ■ - — =333 K. r.. 

" !-<• " 1-0.400 " 1-0.450 " 

must be increased 28 K - 28 C\ 

<l>> r t =(l-f)r M =(l-0.450)(305K) = 168K. £ must be decreased I5K = I5C*. 

EVALUATE: A Kelvin degree is the same si/e as a Celsius degree, so a temperature change AT has the same 
numerical value whether it is expressed in K or in C°. 
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20.40. lDf.viltt: Use the ideal gas law to calculate p and V for each state. Use the first law and specific expressions ft* 
O. H\ and A V for each process Use fcq 120.4 > to calculate c. Q i{ is the net heat flow into the gas. 

Set UP: y = l.40 

c t = R\y -1) « 20.79 l mol K; C^C t *R - 29.10 J mol K. The cyvlc is sketched xn Figure 20.40. 

7>300K 
F = 600 K 
r ; =492 K 


Figure 20.40 

Execute: (m point i 

p a = 1.00 atm - 1.013x10' Pa (given); pV = nRT\ 

„ nRT (0.350 mol it X. 3145 Amol* KM300 K) „ tn , •, 

J, - 8 . 62 x 10 m 

/?, 1.013x10 Pa 



point 2 

process 1 -♦ 2 at constant volume so V 1 - Y\ - 8.62x 10 * m* 

pV - nRT and n. R. V constant implies p x fT x - pJT* 

p. - p.(T,IT.) - II .00 aim||600 K/300 K| - 2.00 ,ilm - 2.03* I0 1 Pa 


point 3 

Consider the process 3 -* I. since it is simpler than 2 -» 3. 

Process 3 —> 1 is at constant pressure so p, - p. - I -00 atm - 1.013 x 10' Pa 
pV - nRT and n, R. p constant implies V x T t = V \iT % 

V x * K<T >- (8.62xl0‘ 1 m , K492 K/300 K) - 14.1 x 10 ; m* 

<l»> process I » 2 
constant volume (AK - 0) 

g - nC\ AT - (0.350 mol *20.79 |/mol • KH600 K - 300 K) - 21 SO J 
AK«0 and H'=0. Then AU*Q-H '= 2180 J 
process 2 -> 3 
Adiabatic means Q - 0. 

At*’ - nC ’ AT (any processV so 

A6* = (0.350 md*20.79 J mol K)(492 K-600K)- -780 J 

Then A U -Q- W gives W = Q - A U - r7S0 J. (It rs correct for W to be positive since A*' is positive.) 
process 3 -* 1 
f or constant pressure 

H = (1.013x10* PaH8.62*10 1 m l -14.1x10 * m') = -560 J 

or W - nRAT - (0.350 molM8.3145 3mol K*300 K - 492 K) = -560 J. which checks. (It is correct for H'to be 
negative, since AC is negative for this process.) 

Q - n C A7 - (0.350 mol|<29.10 J/moi K*300 K - 492 K) = -1960 J 
AU * g - W * -1960 J - (-560 K) * -1400 J 

or At* =irC, AT -(0.350 molH20.79 j. mil K*30»K- 492 K) = -1400 J. wtech checks 
(c) ■ M* 0 t Ws r W v ^ = Or 780 J -560 J = +220 J 

(6) g m “fi-o + *2180 J + 0-1960 Ja+220 J 

(c)ga week output J[V 220j 0I0UI0I% 
heat energy input O xx 2180 J 
etCamot) = 1 - r 4 r„ = 1 - 300 K 600 K = 0.500. 
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Evaluate: For a cycle AU - 0. so by AU-Q~ W it must he that - W tM for a cycle. We con also check 
that AU^ - ft At/*, ^ AL f , + AC/^, + A(/,. fl » 2 ISO J - 1050 J - 1130 J - 0 
f<^Canot), as it must. 

20.41. Idi.n IlF^: pV - i\RT . so pV is constant when T is cceistant. Use the appropriate expression to calculate Q and 
H* for each process in the cycle, c - 

SET Up: For an ideal diatomic gas, C t -itf and C p -±R. 

Execute: (u> P y. =2.0xio' J. P y, -2.o«io‘ J. pV-nfir mi p}\ = p,y, oyi r.-r,. 

<b| For an isothermal process. Q - W* - «/?rinfF.). ah is a comprcssx>n. with F* < I' , so () <0 and heat is 

rejected, be is at constant pressure, so (K nC AT --pAK AF is positive, so Q > 0 and brat is ahtoibcd. cxI is 

R 

at constant volume, so Q - nC 0 AT - £j_f 'Ap. Ap is negative, so O < 0 and beat is rejected. 

<c> T ‘ il.001IOU°j’'mol -K> ~ 241 T ‘ &r..uiK 

_ 4 .±H°: J _-481 K. 

n R <1.00X8.314 J mol Kl 

<d> Q, - nflT In I li | -11.00 mol M8.314 Jilnol ■ K)(241 K)ln{ 0 IXl5u m --1.39x10' I. 

( V" ) I 0.010 m 

ft - nCf/iT - (I .OOX 7 X 8 . 3 14 l/moi • K*24l K) - 701.10' J. 

ft. - nC,&F - <1.00X4*8.314 Jfaiol • K)( - 241 K)--5.0lxl0‘ J. ft., -ft, -ft. -ft -6I0J. 

H'_ = ft^ -610 J. 

<e) <r^ - - 6! ' L 0.087 ^8.7% 

ft, 7.01xl0‘J 

Evaluate: We can calculate if foi each proccst in the cycle. If., - ft. --1.39x10' J. 

Ii; -pAf-(4.0-IO' l > a)(0.0050m ; l-2.00x10' I. If.-0. If ^ -lf fc •»If. -610 J. which doe* equal 

20.42. (a) IDENTIFY and Sl.I lip: Combine Eqs.(20.l3) and (20.2) to eliminate ft and obtain an expression foe ft, in 
terms of W y 7j, and T u . 

W f »1.00 J 9 7;= 268.15 K. 7 M =290.15 K 
For the heat pump Q >0 and O it < 0 

EXECUTE: W - O. • combining this with ^-gives Q -!- -——- -13.2 J 

0, r„ I -r c /T u 1 -(268.15.’290. IS) 

<b| Flcctrical energy is converted directly into heat, so an electrical energy input of 13.2 J would be required. 

(c) EVALUATE: From pari (aX fli --—— Qu decreases as 7J decreases. TTic heat pump k less efficient as 

i - t ; tr„ 

the temperature diflerencc through which the heat has to be "pumped** increases. In an engine, brat flows from T 
to T t and work is extracted. The engine is more cflVricnt the larger the temperature difference through which the 
heat flows. 

20.43. IDENTIFY: T . = T and is equal to tlie maximum temperature. Use th: idral gas hw to calculate T . Apply the 


appropriate expression to calculate O for each process. <r -. AV - 0 for a complete cycle and for an 


isothermal process of an ideal gas. 

Set Up: For helium. C, - 3 R: 2 and C p - SR: 2. The maximum efficiency is for a Carnot cycle, and 
< 4 — -I -t/T u . 
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20.44. 


Execute: m Q. -G* + Q u • 0, - ft. r^-r A = r = 327<c -600 K. 

-—r ( -i(6ooKi-: ck)k. 

r . 5 


P^-nKT, 

r. r 


(2 molc.HS.31 J mol KC»6IXI K) _ 0()?J; ^ 


3.0 * 0 Pa 


V - I’, — -(0.0332 
P. 


■•if:- 


0.0997 m' = V . 


2., - nC, Ar, -<2 mol)| |(S.31 Jtaol K)<400 K) -9.97-10’ J 


Q < - - J' pdV -J -IllIL dV - „RT_ In — >\RT, In 3. 

2, = (2.00 mol|(S.31 J'mol - K)(60O K)ln 3 = I.I0> 10* I. g.-<?..*• (?. =2.10.10' 1. 

O , - g _ = nCA7;_ = (2.0(1 mol ij 1 '(8.31 J mol K )<4(» K> - 1.66.1 O' J 

lb) Q-Al’ tR' -0*W -» H' -O =2.10.10* J -1.66.10* J = 4.4.10 1 J. 


r-lr/fi = J4xl " ’ -0.21 = 21%. 


2.10.10* J 


(«> -1-^—1- 


201) K 
■' i k 


-0.67-6?*, 


EVALUATE: The thermal efficiency of (his cycle is about one third of the efficiency of a Carnot c>vk that 
operates between the same two temperatures. 

Idem it y : For a Caniot engirt, 4 ^ » 1-iL. f*|-|G,|-|0| 04 >0, 0 <0. pV-nRT. 

0i ^*4 7m 

Set UP: The work done by th: engine each cycle is mg Ay. with w - 15.0 kg and Ay - 2.00 m. - 773 K. 
0,-500 J. 

EXECUTE: (a) The pV diagram is sketched in Figure 20.44. 

IbM* -m?Ay-<150kg)9.S0m's-H2.00m1-2*4 J. |g 1“ |P - |"| ,r |“ 500 J - 291 J - 206 I and 0 --206J 




I«> r = l-—-|-i!ii2L_0.S89 = S8.9%. 


f. 773 K 


«!> |g |- 206 J. 

(c) Tlie maximum pressure is for stale a. This is also where the volutm is a minimum, so 


V -5.01 L-5.00x10 ' m 4 . T * T. * 773 


;r 


n/?T. f2.OOmolXS.315 J mol KK77JK) 
p. - 1 »2.5;xlU 

r 5.0 Qk LQ m 


EVALUATE: We can verify thit e —— gives the same value tor c as calculated in part (c). 

0i 
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20.45. 


20.46. 


W If ' ( |f () i) 

IDENTIFY: ^ »I - JJ /r M . —- IF = fti ♦ ft so — - — - —. Far a temperature change 

Q-mcAT. 

S»:r UP: 7*,, - 300.15 K. T c - 279.15 K. For water, p - 1000 kg m*. so a moss of 1 kg hat a volume of 1 L. For 
water c - 4190 J kg K. 


Execute: (u)c-i- 


279.15 K 
Ml!. 15 K 


7.0%. 


210 k\V 


( t ( 


lb) — - — - - 3.0 MW. --3.0 MW - 210 kW - 2.S MW. 

/ /• 0.070 


, c) . |^_(2. S - | OW l | 3600,;h ) ^ >| o, 

I cAT (4190 J/kg K)(4K) 

EVALUATE: The efficiency is small since T< and T„ don't ditVer greatly. 

IDENTIFY: Use Eq.t 20.4) to calculate e. 

s»:r UP: The cycle is sketched in Figure 20.46. 

P 





Cy mSRil 

for an xleal gas C * C, * R - 1Rl 2 


Figure 20.46 

s»:r UP: C alculate Q and IF for each process. 


process 1 -» 

AF ^ 0 implies IF ^ 0 

AF - 0 implies Q ^ nC> AT - nC, <7J - T, > 

But pV - nRT and V constant says pV - nR 7; and p x V -nRT. 

Thus {p. - pW - nR(T : -T t ); VAp - nRAT (true when V is constant l. 

Then Q ^ nC\ AT ^ nC\ (VApfnR) ( C t <R)VAp ^ (C, .'7?)F,(2 p, - p v ) - fC l ,'R)pJ\. Q > 0. heat is absorbed by 
the gas.) 


process 2 -*3 

Ap- 0 so IF - pAV - p{\\ - F>) - 2/\(2l' -V p ) - 2/\^ <IFrs positive since Fincreases.) 

Ap - 0 implies (7 ^ nC/kT ^ nCJT } - T t ) 

But pV - nRT and p constant says p\\ - nRT t and p\\ - nRT : . 

Thus p(r } - F,) - /]£( r - 7; k /?AF - «/?AT (true when p is constant I. 

Then Q = iiC^AT = nCjpAWnR) * (C^)pAF = <Cy*)2/> 0 (2F 4 - F 0 > * (C V ^)2/^F 0 . ({?>0; heat is absorbed by 
the gas.) 


process 3 -> 4 
AF - 0 implies IF = 0 
AF - 0 so 

Q - «C, AT - nC, (FA^.tf) = (C, •/?M2I'KT, - 2 Pv ) * -2(C, SR) Pl >\. 

(Q < 0 so heat is rejected by the gas | 

process 4 -> 1 

Ap - 0 so IF - pAV - piV\ -F 4 > = /?,(F # - 2F C> ) - -p,F, t IF is negative smcc Fdecreases) 

Ap* 0 so Q * nC^AT - nC,(/>AF/fl*> - (C^R)pAl' - <C//?) ft <F 4 -2F 4 ) = -<Cy*)jvF 0 (O <0 so heat is 
rejected by the gas. I 
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20.47. 


»>tal work performed by tbc gas during the eyrie: 

- 0 . 2 p,r, +a-p,r, - P y, 

(Note that \\\ 4 equals the area enclosed by the cycle in thepf-diagram.) 


iota I heat absorbed by the gas during tbc cycle (fl,): 

Heat is absorbed in processes 1 -» 2 and 2 ->3. 

ft, - Q,^ - ft.., = ±rPj. + 2 %P,K ~ | py 


"" • ■ Q c '*' /< >• 


3 C + 2R 


R V R 

total heal rejected by tb: gas during the cycle * 

Heat is rejected in poxesscs 3 —> 4 and 4 -» I. 

ft -CL.+a- -- 2 %^.-"'Pnn* WS 




Hut C sC, -*J? 


cflacicncy 

If 


I /* 


fl, |[3C r +2*)/*><p/a) 3C, *2* 3(SW2)*2il 19 
c- 0.105 -10.5% 

/ v* 

Evaluate: As a check on the calculations note that Q + Q - 1 






it should. 


IDENTIFY: Use pV - nRT. Apply the expressions for Q and W that apply to each type of process, c -. 

Qn 

SET UP: for 0 ; . C, - 20.85 J. mol K and C, ^ 29.17 J mol K. 

Execute: <m p, - 2.00 atm. v x - 4.00 u 7>300K. 

p. = 200 aim. 1L _ 11. V. - 1 — T - f 450 K 114.00 L) - 600 




l -MIO K 


1 - 6 . 001 .. S-L-S-L.. p - L. p. - - 1 ( 2.00 aim) - 1.11 aim 

' 7 r, ' ; r. - 450 k 1 


- 4 . 00 l. p y,-p,\\. a-a|^|>pji 

These pnxesses arc shown in figure 20.47. 

_ £|^ <2.l»!) atmtl 1 <10 i > 

RT (0.08206 L atm mol KH30O K> 


, - 1 . 

4 00 L 


^7 atm. 


- 0.325 mol 


process I -* 2: W - j&V - nR\T -(0.325 mol 1(8315 J/moT K M150 K) - 405 J. 

Q - nC,\T ^ (0.325 mol *29.17 J mol KHl50 K> - 1422 J. 
process 2-*3: Q = nC t AT = (0.325 molH20.85 Jmol KH-200 K) = -I355 J. 

pniceM 3-»4: AU-0 and 0 - H' - nKT, ln| — j - (0.525 molMS.JIS J.molK)(250 K) In I Hi | ; -274 J. 

v \ ! • 61X1 L 


procera 4 — * I: IV- 0. 0 - nC, AT - 10325 mulW20.85 J mol K|(50 K l - 3.19 I. 
<c> H' - 405 J -274 1 — 131 J 

«l> -—-0.0744 - 7.44%. 

Q u 1422 J t JJ9 J 

c -1 - — -1 — - - 0.444 - 44.4%; c. i>. much larger. 
r„ 450 K “ 
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20.48. 


EVALUATE: Q* -*1422 J*(-I3S5 J)*(-274 J)+339 J-132 J. This is equal to W XA . apart iron a slight 
difference due to rounding. For a cycle, W XA - O xa% since AC/ - 0. 


p i aim) 


2 IT) h 


S7 F 


V 'K 


450K 


2S0K 



- 1 -V<LJ 

4X0 6X0 

Figure 20.47 


Idi.n I1FV and SET L'P: For the ccmstant pressure processes ah and cd calculate IF and use the first law to 
calcuhtc Q. Calculate O k4 and use that - (? fc4 for a cycle. The coefficient of peifbcinance is given by 
1*4(20.9); Q < is the net heat that goes into the system lb: cycle is sketched in Figure 20.4K. 


f 



Execute: iu) process c-+J 

AUmUg-U, - 1657 x 10* J -1005 x 10 l J =>6.52x10* i 

If' - pdf ’ - /?AK |since is a constant pressure process) 

W - (363 x 10’ PaK0.4513 m‘ - 02202 m ) = *8.39x 10 4 J (positive since process is an expulsion) 
A VmQ-W so 0*At/ + H'« 6.52 x10' J + 8.39x10 4 7.36x10* J. 

(O positive so beat goes into the coolant) 


(b) process a —*b 

46’=1/,-4/, = 1171x10* 1-1969x10' J=-7.98xl0’ 1 

H' = p&\' = (2305 «10 ‘ PjM 0.00946 m‘ - 0.06S2 m‘) - -1.35 * 10' J 

(negative since AF<0 foe the process) 

Q - A V r W - -7.98 * I0 1 J -1.35 x 1 O' J - -9.33 x I0' J 
(negative so heat comes out of coolant). 

(c) The coolant cannot be treated as an ideal gas. so we can't calculate W for the adiabatic processes. But At/ - 0 
(for cycle) so -Q tmt . 

Q-0 ft* the l»o adiabatic procc«e*. «i 0„ - Q_, -tO, ^7.36x10' I -9.33*10' J = -1.97x10' J 
Thui »'_ - -1.97 x 10 ' J (negative 'incc work it dun: on I be coolant. Ihc Mocking uihstancc) 

<d» K -g |l | - (»7.36x 10' J)/(+1.97x10* Jl-3.74. 

EVALUATE: < 0 when the cycle is taken in the counterclockwise direction, as is the case here. 
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20.49. 


20.50. 


20.51. 


IDENTIFY: Use AU - 0 - IF' and the appropriate expressions fee 0. If' and AU tor each type ot*pnxess. 

ff 

pV - nRT relates AT to/> and K values, c ——. where 0 H is the heat thit enters the gat during the cyele. 

si:r UP: For a monatomic ideal gas. C,» - and C, = 4* 

(a) ah: The temperature changes by the same factor as the volume, and so 

0 - nC t AT - /?. (V m - \\) - (2.5X3.00 * 10* PaK0.300 m*) - 2.25 x 10* J. 

R 

The work pAV it the sanx except foe the factor of l % so W - 0.90 x 10* J. 

A(/ = 0-W'»IJ5x!tf J. 

be: The temperature now c hinges in proportion to the pressure change, and 
Q - 7<p. - /•..>*', = (I.5M-2.00X 10' PallO.SOO m‘) - -2.40-10 1 J. and Ihc work ii zero 
(AF - 0k AL 1 -2.40 x 10' J. 

ca: The easiest way to do this it to find the work done first; If'will tc the nc&itivc of area in the p*V plane 
bixmdxl by the liix representing the process ca and tlx verticals from points it and c. Tlx area of this trapc/okl is 
r(3.00x|0' Pa + l.<O*|0' PaXO.KCK)m 4 -0.500 m*)- 600* 10 4 J and so the work it -0.60x10" i. AU mutt 
be 1.05 x 10* J (smee AL r - 0 for the cycle, anticipating part |b» % and so 0 must be AU + IF - 0.45 x 10* J. 

(b) Sec above: 0 = IF ^0.30x10* J. A U^0. 

(c> The heat abided, during process ah and ca s is 2.25 xlO* ) + 0.45 x 10* i - 2.70 x 10* J and the efficiency is 
0 U 2.70x10 

EVALUATE: For any cycle. AU - 0 and O - W'. 


iDIvnn: Use the appropriate expressions for 0. IF and AU for each process, c -W: 0„ and e 


-TIT.. 


SET Up: For this cycle. 7* M - T. and 7“ - T 

Execute: (a)<d>: For the isothermil process. A7* =0 and AU - 0 . 

IF - nRT { lu(3^/F ) a «/?7* ( M I if) = -Ji/?7]ln(r) and 0 - IF - -nRT x Inf/*). 

he: For the isocboric process. AF -0 and W ^ 0 . 0 - AU - nC t AT = nC\ i^-T,). 

cd: As in the process ah. AU - 0 and IF - 0 - ff/?7^bi(r). 

da As in process he. AF* ^ 0 and H’ - 0 ; AU - 0 - n(\ (T t -T ). 

(b) The values of 0 for the processes are the negatives of each other. 

(cl The net work for one cycle is 1 F^ - nR{ T.. - 7] )ln(r). and the heat added (negketing the heat exchanged during 
the isoehcffic expansion and compression, as mentioned in part (b» is Q u - nRT ln<r). and the efficiency is 
IF 

c - = 1 -{T x jT). This is the same as the efficiency of a C'arnot-cyvlc engine operating between the two 

temperatures. 

EVALUATE: For a Carnot cycle two steps in the cycle are isothermal and two are adiabatic and all the beat flow 
occurs in the isothermal processes. For the Stirling cycle all the heat flow is also in tlx isothermil steps, since the 
net heat flow in the two constant volunx steps is zero. 

IF't IF* 

iDLVIltY: Tlx eflicxixy of the composite engine is e,% -- - --. wtxre 0 1( is the beat input to the first engirx 

{?*» 

ind IF’, and H\ are the work outputs of the two engines. For any heat engine. IF - 0 , -t O u . and for a Carnot engine. 
— ■ —. wlxre 0 W# aixl O iwA arc the heat flows at the two reservoirs thit have tcmpxratures 7 * k# and T hA . 

G-a ***** 

setup: &*u s -CL.,- r ^ 4 = r. r^«r M , r^,»r 4 and r^ : =r. 

ton,, ,, - iilli - -- 1 * R • 1 ’ - - -• " - - J . Since this reduce- la c„ - 1*2zL. 

Gill Gum Gs#o 

a*.—' n, “P v “ We efficiency of 

the composite system is tlx same as that of the original engine. 

EVALUATE: The overall etllcicncv is independent of the value of the intcrnxdiatc temperature T\ 




Ttw Sec cod Law of Ihcroxxlyiumics 20* 17 


20.52. iDiNniY: «•-1 day - 8.64 x 10* s For the river water. Q - mcAT. where the beat that g<xs into the water 

Qh 

is the heat Q i rejected by the engin:. The density of water rs 1000 kg m\ When an object undergoes a 
temperature change. AS - me lntf / T x ). 

SETUP: 180*0- 291.1 K. 18.5*0 - 291.6 K. 

Execute: o» — m r u -il l 1 * 1 v ‘" - *2.50xio‘ MW. 
c e 0.40 

<b) The heal input in one day is (2.50x 10' W)(8.64xl0 4 %) m 2.l6x l0 4 J. Th: mass of coal used per day is 

. 2 I6 ‘ I0 ' ,J -S.ISxlO* kg. 

2.65x10 J lg 

(C) |y«| - |nJ-T |y. | |a|-|a.|-|»l P <- p n- p * -2.50x10* MW-1000 MW-1.50 x10'* MW. 

<d) The heat input to the river is 1.50x 10* I/l Q - meAT and AT - 0.5 C 3 gives 

m --- 1-1 - !- i 7.16x10* kg. V - — - 716 in*. The river flow rate must he 716 m' .'s. 

cAT* <4190J kg KM0.5K) p 

(e> In one second. 7.l6x 10* kg of water goes from 291.1 K to 291.6 K. 


-7.16x10* kg. U- —-716 m. The river flow rate must be 716 mVs. 
P 


AS - auc In j Ll f-(7.16xl0* kgX4l90i>lig K|ln| 5.1x10* JK. 


Evaluate: The entropy of the river increases because heat flows into it. The mass of coal used per second is huge 
20.53. (a) IDENTIFY and SET Up: Calcualte c from Eq.(20.6), Q from l:q.(204) and then W from I:q.(20.2). 

Execute: *=1 - WP ‘‘ ) »1 -1 *10.6‘ 4 ) = 0.6111 
e = {Q u r Q c )>Q U and we are given Q H - 200 J; calculate Q < 

Qc - (c-1)0* -10.6111 - 1X200 J) - -78 J (negative since corresponds to heat leaving) 

Then W = -78J + 200 J = 122 J. (Positive, in agreement with Fig. 20.6.1 

Evaluate: O u * #’>0. and f> <0 for an engine cycle. 

<l») IDEVTIFY and SET UP: The stoke times the bore equals the change in volume. The initial volume is the final 
volume V times the compression ratio r. Combining these two expressions gives an equation for V. For each 
cylinder of area A - <?(*//2)‘ the piston moves 0.864 in and the volume changes from rV to V, as shown in 
Figure 20.53a. 

t n rhi'= 

. . =f=t 


l-L- 86.4 x 10 1 m 


Figure 20.53a 

EXECUTE: l x A-LA^rV-V and (/,-/jM = (r -vp 

y^lzm 4l:t - 1 " "" - 4.811 ■ IQ'* m 


At point iT the volume is rK -10.6<4.811x10* ml-5.10x10 4 m‘. 

(c) iDEVnn and SET UP: Tlx processes in the Otto cych: are cither constant volume or adiabatic. Use the Q 4 
that is given to calculate A7* for process for. Use liq.( 19.22> and pV — nRT to relate/?, J'and T for the adiabatic 
processes ub and cd. 

Execute: poim a : r. -W>K. p_ -8.50»10‘ Pa. and - 5.10x10 ’ m' 

Him fr V,-I' /r- 4.81x10' m'. Procco a-th it adiabalK. hi TJ'' ' - TJ\' . 

T.fryy-' B TJ"-' 

T, = Ty~300 K<I0.6> ,, = ?71 K 

py-nRT to p\’!T-nR ^conflam, to p.V.IT. = p,V t /T, 

p. -p.IK ,S.50-10" PaMrr/»'X?7l K/300K)*2.32 x 10“ Pa 
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Then r-r^iL 


561.3 K. and T -71 + 561.3 K - 771 K +561 K -1332 K 


nomt r : Process b -+c is at constant volume. so Y\ - K k -4.SlxlO ’ m' 

0 M -/jC, A7* =J|C, <r - 7J). flic problem specifies 0, - 200 J; use to calculate . First use the/?, V\ T values at 
poant a to calculate the number of moV^< n. 

n 0.0173S mill 

RT (8.3145 Lmol K*3<)0 K) 

Then r-T. = —- - —— - 561.3 K. and I - T '561.3 K - 771 K *561 K - 1332 K 

nC, (0.01738 molK20.5 Ji'mol K) 

p/T - nP V - conMant so p,i T t - p. IT 

P. -p 1 (J;. l T,)-(2.32xlO > Pa((1332K - 77l K|-4.0lxl0‘ Pa 

point d . V, -I’ -S.I0-I0 4 m‘ 

process c—>d is j*liabalK. so TV', ' - TV/ ‘ 

Urvy'•T.V' 

T,-TJr 1 -1332 KnO.6 4 " -SIK K 

P.K'T. -p,v,>T 

P, - /> (*' /T .)-<4 01»10* PaK V/rVyfi IS K.’I332 K);- 1.47x10* Pa 

Evaluate: Can look at process J -» a as a check. 

0 ^ nC\ ( T" -rj-ro.0173S molX20.5 J. mol KX300 K - 518 K» -78 J. which agrees with part (at. The cycle 
is sketched in Figure 20.53b. 


p 




- 4)H X Ilf IN ■ - 




• 2J2 X if* Pi ■ - 

,V\ 



• 

- IA7 X ll^pk - 

A NS 

t. 

- 518 K 

- ».« X I0 4 IN - 







- MK 

1/ 


v. «tr • 

V • 



ia\ x ur «i 5.10 x to V 

Figure 20.53b 

<d> Idem m and SET UP: The Carnot efficiency is given by liq.(20 14). T ti is the highest temperature reached 
in the cycle and 7J is the lowest. 

Execute: From part (at the efficiency of this Otto cycle is e -0.611-61.1 %. 

The efficiency of a Carnot cycle operating between 1332 K and 300 K is 
efCamot) ^ 1 - f t /T u - I - 300 K/1332 K - 0.775 ^ 77.5%, which is larger. 

EVALUATE: The 2nd law requires that e £ WCamix t. and our rcuilt obeys this law*. 

20.54. I den tin: K - Ml |0j-|0 U |F| The heat flows for the inside and outside air cccur at constant T. so 


AS=g/r. 

SETUP: 2l.0°C = 294.1 K. 3S.0 & C-30K.1 K. 

Execute: tat |G|-tf |*f|. r t - at? a -(2.so)8co wt = 2.24xio* w 
<b> P u -P t . + /»„ -2.24x10* W+800 W= 3.04x10* W. 

(c> In I h - 3600 s. 0 = P i{ ( ^ 1.094x10’ J. XS^ -14- 1 M J 3.5Sxl0 4 J K. 

7J, 308.1 k 
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20.55. 


20.56. 


20.57. 


(<l| O, - P.J -8.064x10* J. licit 0 is removed from the inside air. 




-8.064 x 10* J 


-2.74 x JO 4 J K. AS + AS -8.1x10'J K. 


' T c 2WI.I K ~ 

EVALUATE: The increase in the entrepy of the outside air is greater than tbc entropy decrease of the air in the 
room. 

IDI.M1FY and Stir L'P: Use I;q 420 I3> for an infinitesimal heat flow dQ u from the hot reservoir and use that 
expression with Lq.< 20 .19) to relate A5,,. the entropy change of the hot reservoir to | O t | 

(a) EXKllt: Consider an infinitesimal font flow* dQ it that occur* when the temperature of the hot reservoir is 7"': 

dQ< =-ir< <r)d0 H 


* -'Jr 


Iflbl-H I 


- r, Ia-s,, 


(hi The 1.C0 kg of water (the high temperature reservoir! goes from 373 K to 273 K. 

Q u - me AT - (1.00 kgM4190 J *g -KX100 K|-4.19x 10* J 

AS" - aiclnf T 2 i T) ^ (1.00 kgtf 4190 J tg K)bif 273/373) - -130S J X 

The result of part (a) gives |g|-(273 K|<130S J/K) ^ 3.57 x 10* J 

Q comes out of the engine, so @ - -3.57 x 10* J 

Then Jf'-Q + & ^-3.57x10* J-f 4.19x 10* J -6.2x10* J. 

(c> 2.00 kg of water gees from 323 K to 273 K 

fl, - -meAT = (2.00 kgH4190 Jig ■ K«50 K) -4.19»10' 1 

AS,, - mi N r7]) = (2.00 kgK4I90 Jig • K)lnl 272/3231 --1.41x10' JK 

Qc — 3.8Sxl0’j 

H *G -f P»| “ 3.4X 10 4 i 

(<1) Evaluate: More work can be extracted from 1.00 kg of water at 373 K than from 2.00 kg of water at 323 K 
even though the energy that comes out of the water as it cools to 273 K is the san>: in both eases. The energy in the 
323 K water is lew available for conversion into mechanical work. 

Identify : The maximum power that can he extracted « the total kinetic energy A' of the maw of air that passes 
over the turbirx blades in time /. 

SET UP: The volume of a cylinder of diarrclcr d and length /. is <,tJ* •' 4)A. Kirvtic energy is -iwiv*. 

Execute: (a) The cylinder described contains a miss of air m - f4sd‘jA )L. arxl so the total kitxlic energy is 
A' - p(x/ftfd'L\‘ This miss of air will pass by the turbine in a time t — Lj\\ arxl so the maximum power is 

P- — -p(x/i)d‘r‘. Numerically. the product j>.(n/8J »0.5 kg/m' -0.5 WV/m\ This completes Ihe proof 

jw{ ‘J (3.2 * 10* W)/(0.2S) V 1 aM ,_ 50 km ,. h 

KWI l,(0SW »ym'M97 my J v 

(cl Wind speeds tend to he higher m mountain pawes. 

Evaluate: The maximum power k proportions! to »•'. so increases rapklly with increase in wind speed 

Identify: Foe a Carnot dev ice. . W - Q H +Q C . 

r u Q \i 

SET Up: fl ^ 10CX) J. lO.CfC = 283.1 K. 3S.0 : C ^ 308.1 K. 15.0°C » 28S.1 K. 

(10)0 J) - -1.088x 10‘ i. If* - 10X J + (-1.088x10* J) = -88 J. 

T c p 1283.1 K J 

' 288.1 K 


Execute: (a) O l4 ^ - \ 11 L <) - - 

1 T r K I 283.1 K 


(h) Now O - - 


283 


1000 I) - -I.OISx |0‘ J. W -1000 J +(-I.0l8xl0 l J) - -18 J. 
1 K 


(c) Tlie pV *diagrams for the two Carnot cycles are sketched in Figure 20.57. 
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20.58. 


20.59. 


EVALUATE: More work must be done to move the heat energy through a greater temperature difference. 



IvC 

vc 

lire* 

\ 


IDENTIFY and SET L’P: Fin! use the methods of Chapter 17 to calculate tbc fiml temperature T of the system. 
Execute: 0.600 kg of water {coois from 45.0°C to T) 

Q - mcAT ^ (0.600 kg K4190 Jig KXT - 45.0f I - (2514 Ji KIT -1.1313 x lo' J 
0.051X1 kg of icy iwarm* to Of. melu. ami water warm* from Of Id T) 

g - mtj of - i-i 5.0f)) .«i i, *«.-,„ ir - of > 

Q - 0.0500 kg[(2100 Jig K XI5 .Of) » 334 x I0‘ J. kg * (4190 Jig KX T - Of l i 
g - 1575 J t- 1.67x10* Jt(209.SJ>K)r-1.828x10* J*(209.5 J/K)T 
G.— =0 B>v« (2514 JK)r-l.1313x10' J + 1.828x10* J *(209.5 JKJf - 0 
(2.724x10 1 J K|r-9.4K5xlO* J 
r = <9.4X5 x 10* J>(2.724 x 10' J/K) ^ 34.8J°C - JOS K 

Evaluate: The final temperature must lie between -15.Of arxl 45.0f. A final temperature of J4.8f it 
consistent with only liquid water being present at equilibrium. 

IDIMMY and S*IT L’P: Now we can calculate tb: entropy changes Use AS - QiT for phase changes and the 
mcthixl of Example 20.6 to calculate AS for temperature changes. 

EXECUTE: ice: The process takes ice at 15°C and produces water at 34.8 e C. C alculate AS for a reversible process 
between these two states, in which heat is aikfcd very slowly. AS rs path independent, so AS for a reverxibi: process 
is the sam: as AS for tb: actual I irreversible) process as long as the initial and final states are the same. 
r i 

AS - J f dO f 7% where T must be in kclvins 

For a temperature change dQ - mcdT so AS - (mcfT)dT - nufailT. fT % \ 

For a phase change, since it occurs at constant T, 

AS - J * dQ r - p.' r - 2 ml f T. 

Therefore A- «c m ln(273 K258 K> r mL { /273 K -t mc^ Ini308 10273 K| 

&S„ -(0.0500 kgH(2100 J/kg*K)ln<273 10258 K>tf334x|0 # J'kgK'273 K ♦ (4190 Jkg K)ln(308 10273 K|] 
AS^ = 5.93 X'K +61.17 XX + 25.27 J.'K = 92.4 J/K 

water . AS^ - me Inf 71 tT t ) = 10.600 kgK4190 J kg K)ln(308 K/318 K> ^ -80.3 J.'K 
For the system. AS = AS„ + AS^ - 92.4 J/K -80.3 J/K ^ + 12 J K 

Evaluate: (>ur calculation gises AS > 0. as it must for an irreversible process of an isolated system. 

IDENTITY: Apply Eq.<20.19). From the derivation of Eq. (20.6*. 7; -r 'T and T -r r %. 

SKT L’P: For a constant volume pnxess. dO - ni i JT . 

EXECUTE: (u> For a constant-volume process for an ideal gas. where the temperature changes fn>m T x to T ^ 

*. dr I r.'' 


AS - nC, J — - aC, l« — The entropy changes are nC, Inf T jT ( \ and »C ln(r /Tj ). 

11>I The total entropy change for ooc cycle is the sum of the entropy changes found in pul (a); the other 
processes in tb: cycle arc adiabatic, with Q - 0 and AS - 0. The total is then 


\S = nC, Ini- - nC, Ini. - nC, Inf iil LL. _ 

r, r. Irr; rr, ■ rr 


bull=o. «i as- 


(c> The system is not isolated and a zero change of entropy few an irreversible system is certainly possible. 
EVALUATE: In an irreversible process for an isolated system. AS > 0. Hut the entropy change for some of the 
components of the system con be negative or zero. 
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20.60. 


20.61. 


20.62. 


iDt.Nlin: 


For a reversible isothernxil process. A.V - —. Tor a reversible adiahitic process. O - 0 and AS - 


The Carnot cycle consists of two reversible isothenml processes arxl two reversible adiabatic processes 
SET UP: Use the results for the Stirling cycle from Problem 20.50. 

Execute: (u) The graph is given in Figure 20.60. 


dO e r 

|b) For a reversible process. dS - and so JQ - TdS % and O - J dO - J TdS . which is the area under the curve 
in the 7S plane. 

(c> Q u is the area under the rectangle hounded by the horizontal pari of the rectangk at f t and the verticals. | g 
is the area bounded by the horizontal part of the rectangle at 7" and the verticals. The net work is then g H -|g. |, 
tlie area bounded by* the rectangle that represents the process. The ratio of the areas is the ratio of the lengths of the 

W T -T 

vertical sides of the respective rectangles, and the efficiency is c - -. 

Qi I 

(<l I As explained in Pretolcm 20.50. the substance that mxliatcs the heat exchange during the isoclioric expansion 
and cotrprcssicei daes not leave the system, and the diagram is the same as in part (a). As found in that problem, 
the ideal efficiency is the same as for a Camot-cyclc engine. 

Evaluate: The Privation of «v^*< using the concept of entropy is much simpler tlian the derivation in 
Section 20.6. but yKliis the same result. 

T 




.duMc 



i.lutMlie 


KfUnml 


Figure 20.60 


IDENTIFY: The temperatures of the scc*water mixture and of the boiling water arc constant, so AS - The 
flow for the mching phase transition of the ice is Q = 

SET Up: For water. L, = 3M x 10* J/kg. 

Execute: <u> The heat that goes into the icc-watcr mixture is 

Q - mLf - (0.160 kgX3.34 x 10* J/kg) - 5.34 x 10* J. This is same amount of heat leaves the booling water, so 


(b> AS- — 


373 K 

5.34x10* 5 


-1!96 J K 


[I. 


273 K 

(cl For any segment of the rod. the net heat flow is zero, so AS 
(«!» AS M ^ -143 JK +1% JK = -f53 J/K. 

EVALUATE: The b:at flow is irreversible. siixc the system is isolated and the total entropy change is positive 
iDEvntY: Use the expression derived in Example 20.6 for the entropy* change in a temperature change. 
SETUP: For water, c - 4190 J. kg • K. 20 ft C - 293.15 K. 65°C - 338.15 K and 120°C - 393.15 K. 
Execute: (u) A* »mdnrr,/7;)* <250 x 10 ' kgX41*l J/kgK)ln<33S.I5 Ki'293.IS K) = 150 J/K 
-mcAT -<250x10 ' kgX4190 J/kg KK33S. 15 K - 293.15 K> 


[h) AS - 

393.15 K 

(c> The sum of the result of parts (a) and l b) is XS^ . - 30 J/K. 


-120 J K. 
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20.63. 


20.64. 


Evaluate: (d) Heating a liquid is not reversible. Whatever the energy source for the heating cVrmcnt. heat is 
being delivered at a higher tcmfvrature than that of the water, and th: entropy loss of the source will be less in 
magnitude than the entropy gain of the water. The net entropy change rs positive. 

IDFM1FY: Use the expression derived in Example 20.6 foe the entropy change in a temperature change. For the 
value of T for which AS is a maximum. J(A S)fdT = 0. 

SET UP: The heat flow for a temperature clionge is O- mcAT 

EXECUTE: (a) As in Example 20.10. the entropy change of the first object rs ui^lnl T/T ,) and that of the second 
is /WjCjlnl T' fT 3 X and so the net entropy change is as given. Neglecting brat transfer to the surrounding*. 

0, * Q 1 - 0. m x c x {T - ) + m : c^T - I.) = 0. which is the given expression. 

(hi Solving the energy-conservation relation for 7* and substituting into the expression for AS gives 

AS - m c In — I -t Inj I - ——-I —11. Differentiating with respect to T and setting the derivative equal to 

\ T J) 

0-36.* nuy ^ B|yfd fo[ r = Using this value fer T 

T I , (T T.\) *V.+»V» 

in the conservation of energy expression in port la) and solv ing fee 7*’ gives 7*'-—--. Therefore. 

7* - T' when AS is a maximum. 

Evaluate: <c) The fmal state of the system will be that for which no further entropy change is passible. If 
7* < 7^. it is possible for the temperatures to approach each other while increasing the total entropy, but when 
T = T\ no further spontaneous heat exchange is possible. 

IDENTIFY: Calculate Q and O tl in terms o\’p aixl Tat each point. Use the ideal gas law and th: pressure-volunv 

lO I 

relation for adiabatic processes for an ideal gas. c - 1 - !—U. 

KM 

SET Up: For an ideal gas. C v - C, -f R. and taking air to h: diatomic. C v - T R . C, - T R and j = 

EXECUTE: Referring to Figure 20.7 in the textbook. 0, - n r R(T - T k )-\\ - p % V t ). Similarly. 

0 - nlR{p}\ - PjF.X What needs to be done rs to find the relations between the prodixt of the pressure and the 

volume at the four points For an ideal gas. - -— so pV t - pj \] — I. Fora compressicei ratio/*, and given 

£ T* \L) 

(vV , fv"* 

tliat for the Diesel c>cle the processor is adiabatic. p\V+ - p }\; jf t - pj'r . Similarly. pJ'j - p)\ j — 

Note that the last result uses the fact that process Jit is isochoric. and V - V : also, p - p K (process he is isobaric l. 


and so V t j- |. Then. 


K l v. r T V ■ T I rr; 


K r. v. r n r IW-»k ~t‘ 


Combining the above results. pV 4 - Pj „\ — | r Substitution of the above results into Eq. (20.4) gives 


7 


i r "’ 1 -1 

r 


0 1 






. where — - 3.167 and y - 1.40 have been used. Substitution of r - 21.0 yields 


1.4L (3.167)-r 
c - 0.70S - 70.S%. 

EVALUATE: The efficiency for an Otto cycle with r = 21.0 and / = 1-40 i% e = l-r‘ v = I-(21.0) = 70.4%. 

This is very close to the value for the Diesel cycle. 
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0.03865 mol. *V. t Avogadro’s number) rs the number of atom* in 1 mole. so the 


21.1. (a) IDENTIFY and Set Up: Use the charge of ooc electron (-1.602 x 10'** C> to find the Dumber of electrons 
required to produce the net charge. 

Execute: The number of excess clectrixis needed to produce net charge q is 

-1 --1 : — ' -- 2 . 00 . 10 " electron*. 

-c -1.602x10 ,v C.electron 

<bl IDENTIFY and SET UP: Use the atomic mass of lead to fiod the number of lead atom* in 8.00 x 10 kg of 
lead. From this and the total number of excess electrons, find tlx number of excess electrons per lead atom. 
EXECUTE: The atomic mass of lead is 207x10'* kg mol so the number of moles in 8.00 x 10 kg is 

n - -— ---^— - 0.03865 mol. *V. | Avogadro'x number I rs the number of atoms in 1 mole, so the 

M 207x10 * kg mol 

number of lead atoms is N - nS h -(0.03865 mol|<6.022xl0* i atoms moI> - 2.328x 10^ atoms.The number of 

2.00 x 10 “’ electrons n t> 

excess electrons per lead atom is -- 8.59x 10 

2.328x10*' atoms 

EV ALUATE: Even this small net charge corresponds to a lirge number of cxecss electrons. But the number of 
atoms in the sphere is much larger still so the number of excess electrons pcT lead atom is very small. 

21.2. iDEVniY: The charge that flows is the rate of charge flow tines the duration of the time interval. 

Set l.’P: The charge of one ckclrun has magnitude c = 1.60x 10 ** C. 

Execute: The rate of eharge flow is 20.000 Os and f = 100 /is - l.OOx 10 4 s 

Q- (20.000 O*«l.0D« 10' *| - 2.00 C. Tie umber of electron* la n.-^—— = 1.25-10". 

l.MxIO C 

EVALUATE: Thrs is a very large amount of charge and a large number of electrons. 

21.3. IDENTIFY: From your mass estimate the number of protons in your body. You have an equal number of electrons. 
Set UP: Assume a bedy miss of 70 kg. The charge of ooc electron is -1.60 x 10' C. 

Execute: The mass is primarily protons and neutrons of m - 1.67 x 10 * kg. The total number of protons and 

neutrons rs n f-J „ - ^ ^ ^ -4.2 x I0‘*. About ooc*half arc protons, so n % , = 21 x 10** - n t . Hie number of 

clcctrvms is about 2.1 x 10 s *. The total charge of these electrons is 
£■(-1.60x10 ,# Cfclcctnxi)(2.10xl0 2 * electrons) --3.35x10* C. 

EVALUATE: Thrs is a huge amount of negative charge. But your body contains an equal number of protons and 
your net charge is zero. If you carry a net charge, the number of excess or missing electrons is a very small fraction 
of the total number of electrons in your body. 

21.4. IDENTIFY: Use the maw m of the nng and the atomic mass Si of gold to calculate the number of gold atoms. 

Each atom has 79 protons and an equal number of electrons. 

SET UP: »V a = 6.02 X10** atoms mol A proton has charge 

EXECUTE: The mass of gold is 17.7 g and the atomic weight of gold rs 197 g/moL So the number of atoms 

is.V n -(6.02x I0' ; atoms, mol)! t * ‘' ’ ~ t [ - 5.41 xl0* J atoms. The number of protons is 
A v 197 g/mol ( 

=(79 protons atom *5.4 lx 10*' atoms! = 427x1 & 4 protons. £=(ji,)( 1.60x10 *' C proton! = 683 x!0* C. 

<bl The number of electrons is n = - 427 x 10*. 

Evaluate: The total amount of positive charge in the ring is very large, but there is an equal amount of negative 
charge. 


21.1 
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21.5. IDENTIFY: Apply F - and solve far r. 

r 

SET UP: F -- 650 N . 

Execute: r - J^ 0 '- X ■” : ^>!^9: a3 .7xltfm-3.7km 

V /** > 650 N 

EVALUATE: Charged objects typically have net chary.cs much lest than I C. 

21 . 6 . IDENIIFY: Apply Coulomb's law and calculate the net chirgc q on each sphere. 
SET Up: The magnitude of the charge of on electron is e - 1 60 x 10 “ C . 

1 ^ 


EXECUTE: / - 


Ltc 


L. This gives \q\* yjtx^Fr* - | 4.57x 10 NK0.200 mV 5 - 143x 10 * C. And 


therefore, th: total numbcT ot electrons required is n - fy| . - (1.43x10 C t ( 1 60x 10 C electron) - 890 electrons. 

EVALUATE: Mach splicre hat 890 execs* electron* and each sphere has a net negative charge. The two like 
charges repel. 

21.7. IDEV11FY: Apply Coulomb's law. 

SET Up: Consider the force on one of the spheres 
<■) EXECUTE: q-q^q 


4t t t r' \xer~ 
lb) q t - 4<? 


(14/rr V 


0.150 m 




-10' N m* C 


-.-742x10 Cloncacht 


= m ar I Z - - >r I 'l .-4.17.42x10 ’ O-3.7I.I0 : C. 

4«, /-• 4.«.r T y4(l '4/i«,l 1 \<V4*<.) * 

And Ihcn ,,-4® - 1.48x10 * C. 

Evaluate: The force on one sphere is the some magnitude as the force on the other sphere, wbcthrr the sphere 
have equal charges or not. 

21.8. IDENTIFY: Use the mass of a sphere and the atomic mass of aluminum to find the number of aluminum atoms in 
one sphere. Each atom has 13 electrons. Apply Coulomb’s law and calculate the magnitude of charge |<?|cai each 
sphere. 

SET UP: V a - 6.02 X10^ atoms mol. |,»| - . where ji* is the number of elorlrons removed from one sphere 

and added to the other. 

EXECUTE: (a) The total number of clectrceis on each sphere equals the number of protons. 


-03XiV 


D.0250 kg 


- 7.25 x IQ eketroos 


0.0269S2 kg/mol 

tb) For a force of 1.01) x 10 4 N to act between the spheres. F - 1.00 x 10 4 N - 


4 .c f , 


This gives 


|v |-yj 4t<,(I.00x I0 4 XKO.OSOO m>* - S43 x 10 4 C The number of electrons rcnxivcd fri>m one sphere and 
added to the other is n\ - fy| e - 5.27 x 10‘* electrons 
(c> n;.' ft, ^727x10 ,B . 

Evalu ate: When ordinary objects receive a net cliargc the fractional chance in the total number of electrons m 


tlie object is very' small. 

21.9. Identify: 

SET Up: a - 25.0? - 245 ms ; . An electron has charge 


Apply F - met s with F - A—ii . 


-1.60x10 1 C. 




Execute: F - ma - (8.55 X 10 ' kg)(245 nvV) - 2.09 N . The spb^es have equal charges q .%o F - A1^- and 

LI - r Gl - (0.150 m) j ■ Z - 2.29 x 10 * C. *V-li! —-!-— - 1.43 x 10 1 ' elections . The 

M V* v8.99x10 N*m C e 1.60x10 ,% C 

charges on th: spheres have the same sign so the electrical force is repulsive and the spheres accelerate away from 
each ether. 
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21 . 10 . 


EVALUATE: As the spheres move apart the repulsive farce they exert on each other decreases and their 
acceleration decreases. 

(a) IDENTIFY: The elcctncal attraction of the proton gives tlte eleclrvxi an acceleration equal to the acceleration 
due to gravity oo earth. 

SET L'P: Coulomb’s law gives the force and Newton's second law gives the acceleration this force produces. 

- 1 M. 


ma - 




4.e<, r 




4.TCftti7 


Execute: 


1(9.00«10* N•m'/C ! )(l.60x 10 " C)’ 
V (9.11x 10" Lg)(9«0nvV') 


S.08 m 


Evaluate: The electron needs to be about 5 m from a single proton to have th: same acceleration as it roreives 
from the gravity of the entire earth. 

<b> IDENTIFY: The force on the dectrvm comes from the electrical attraction of all the protons in the earth. 

SET Up: First find the number n of protons in the earth, and then find the acceleration of the clectnxi using 
Newton's second law. as in part la). 


n - wi nv-(5.97 x 10 24 kgV(1.67 x 10“" kg) - 3.57 x |0 M protons. 


21 . 11 . 


21 . 12 . 


j_kJ 

a-F!m - 4f< - * -if*. 

” "A 

Execute: <j-(9.00x I0 V N m'^HJ^x 10 5, X1 60 x 10 '• 0^1(9.11 X 10 kg)<6J8 X 10* m) 2 ] - 2.22 X 
10 41 m's’. One can ignore the gravitation force sinre it produces an acceleration of only 9.8 m's* and henre is much 
much less than the electrical force. 

Evaluate: With the electrical force, the acceleration of the electron would nearly 10** times greater than with 
gravity, which shows how strong the electrical force is. 

IDENTIFY: In a space satellite, th: only force accelerating the free pcotcei is the electrical repulsion of the other 
proton. 

SET l.’P: Coulomb’s law gives the force, and Newton's second law gives the acceleration: a - F/m - 

< 1 / 4*0 (e/r)lm. 

EXECUTE: <a>a-(9.00x l0 , Nm’,C J )(1.60« 10'’C)-'.'I(0 00250 m)'< 1.67 x 10' ; " kg)| - 2.21 - 10* mV. 

<b) The graphs arc sketched in Figure 21.11. 

Evaluate: The clartrical force of a single stationary proton gives the moving proton an initial acceleration 
about 20.000 litres as great » the acceleration caused by the gravity of the entire earth. As the pretexts move 
fajthcr apart, the electrical force gets weaker, so the acceleration decreases. Since the protons continue to repel, the 
velocity keeps increasing, but at a decreasing rate. 


<v 



IDENTIFY: Apply Coulomb’s law. 

SET l.’P: Like charges repel and unlike charges attrart. 

Execute: (a) F !— iHil lhi»givw 0.200N-— - — ' ‘ W and b I-*3.64.10 * C. The 

4.T,. P 1 4*« (0.30 ml 


force is attractive and q x <0,so = *3.64 x 10 * C. 

<b> F - 0.200 N. The force is attractive, so is downward. 

EVALUATE: The forces between th: two etvirges obey Newton's third law. 
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21.13. 


21.14. 


21.15. 


21.16. 


21.17. 


IDENTIFY: Apply Coulomb's law. The two farces an q h muu have equal magnitudes ami opposite directions. 

SET UP: Like charges repel and unlike charges attract. 

Execute: The force F. thit q : exerts on q. lias magnitude F 3 - J.l—-Lir.d is in the +x direction. F, must he in 

‘ 

tlic -.r direction, so q x must be positive. F x - F gives A - k . 

EVALUATE: The result for the magnitude of q doesn't depend on the magnitude of q : . 

IDENTIFY: Apply Coulomb’s law and find the \*cctor sum of the two forces an O. 

SET L'P: The force that q exerts on () is repulsive. as in Lxample 21.4. but now the force that q % exerts is 
attractive. 

EXECUTE: The ^components cancel. We only need the r-components. and each charge contributes equally. 

F - F. - !— ——1- 1 —■-— sin a - -0.173 X (since sina - 0.600). Therefore, the total force is 

4/r* (0.500 m) 1 

IF = 0.35 N. in the -v-direction . 

EVALUATE: If q t is -2.0 //C and q } is +2.0 /iC , then the net force is in th: ♦ y -direction. 

IDENTIFY: /Vpply Coulomb's law and find the vector sum of the two forces on q x . 

SET L'P: Like charges repel and unlike charges attr&rt. so F : and F are both in the ».r direction. 

Execute: F, = 6.749-10 ‘N. F, 1.124 <l<r* N. F-F f -tF, = 1.8»10* N . 

'u 'it 

F - 1.8* 10"* N and it in the u-dinction. 

EVALUATE: Comparing our results to thase in Lxample 21.3. we see that F, mtl - -F t m ,. as required by 
Newton's third law. 

IDENTIFY: /Vpply Coulomb's law and find the vector sum of the two forces on q i . 

Set L’P: F>, is in the ^ direction. 

19.0.10' N •m ! .'C , >(2.0> 10‘0(2.0x10* Cl 
(0.60 m)‘ 

(F,, | ( - tfl.100 X . F v „, it equal and opposite to f].,,, (lixample 214). ai (F^..,} - -0.23N and 
I'V-.).-0.I7N -(^,) > +( l V. 1 ).-0. , 0 0 N T 0 . , 7N = 0 57N. 

0.23 
027 

40° counterclockwise from th: i-y axis, or 130° counterclockwise from the ♦xaxis. 

EVALUATE: Both forces on q arc repulsive jnd are directed away from the charges that exert them. 

IDENTIFY and SET UP: Apply Coulomb’s law to calculate the force exerted by q i and q h on q r Add tlKse 
forces as vectors to get the net force. The target variable is the x-eooniinate of q x . 

Execute: F is in the .y direction. 


Execute: F 


OIOON.(F^ ( > =0ani 


l he 


magnitude of the total force is F - J< 0.23 N)* + (0.27 N f - 0.35 N. tan 1 —^ - 40° * so F i 


F. = kLlld ^ 3.37 X, so F. --+3.37 N 


F = F a . + F it and F « -7.00 X 

F>, - F 4 - F 2t =-7.(0 N -3.37 X = -10.37 N 

l or F. to be negative. a\ must be on th: -x -axis. 


«. |,|, EM -0.144 


F.-k sold- t r * 0.144 nv sox = -0.144 m 

Evaluate: q . attracts q. in the +.y direction so q, must attract it in the —x direct ion. and q, is at negative x. 
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21.18. IDEVI1FY: Apply Coulomb's law. 

SET Up: Like charges repel and unlike charges attract. Ixrt f : . t be the force that q : exerts on q and Vrt be 
the force that q, exerts cci q x . 

EXECUTE: The charge q, must he to the right of the origin; otherwise both q. and q. would exert forces in the 
-t.r direction. Calculating the two forces: 


__L M _ l*>» 10* N 10 * CmS.00« .0 * C, _ , ,,, „ ^ 

4 tc. fi (0.200 ml* 


4 .v direction. 


(9 - 10 ' N m’/C 1 ) <3.00 x 10 * C) <S.OO x 10 1 C) 0.216 N m' 






in the -v direction. 


We need F af - F ^ -7.00 N . so 3.375 N - 


2.216 Nm 1 


:-=-7.00 N r 


0.216 N 


3.375 N r 7.00 N 


0.144 m. q 


is at j - (). 144 m . 

EVALUATE: F u - 10.4 N. F u is larger thin F lx , because |<y*| is larger than |g\| and also because r ti &s less than r iX 
21.19. IDENTIFY: Apply Coulomb’s law to calculate th: force each of the two charges exerts on the third charge. Add 
these forces as vectors. 

SET Up: The three charges arc placed as shown in Ficurc 21 19a. 


Ci 4m in 


Cl. 200 in 


»3.20 nl 


l T9,--5.00nC 


t«J, - -150rC 
Figure 21.19a 

EXECUTE: Like charges repel and unlike attract so tbc free body diagram for q. is as shown in Figure 21.1 


f\ --— 


■n 




M»l 


i.rt. >; t 


Figure 21.19b 


F. - <8.9SSx |Q‘ N invr ') 1 *' 11 * 10 ' C'llS.OOx 10 * C) _g 938 , m - N 

(0.400 m)* 

The resultant force is R - f, 4- F.. 

R, -0. 

R, = F t -f/v- 1.685x10 * N 48.988x10° N - 2.58x10* N. 

The resultant force has magnitude 2.58x10 * N and is m the r-direction. 

EVALUATE: The force between q. and q t is attractive and the fcecc between q . and u. is rcplusivc. 




21.20. iDEVnn: Apply r - A il to each pair of charges. The net force is the sector sum ot th: races due to q t and q : . 

SET Up: Like charues repel and unlike charues attract. The charges and their forces on q k are shown in Figure 21.20 
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Execute: j£*l,».99K»r N^/ 4 * 0 " 10 ' ' C*0.600».Q-C) „ 

<0-200 mV 

N-m.C-) l5<10 - 10 ^f 60),l0> C, « 2.997-, 0 ' N. 
jy (0.300 m)* 

F % -F it + F> t = +/\ -fj « 2.40 X IO N. The net farce has magnitude 2.40x 10 N and is in Ibe +x direction 
EVALUATE: Each face is attractive, but the forces are in opposite directions because of the placement of the 
charccs. Since tbc forces arc in opposite directions, the net force is obtained by subtracting tbeir magnitudes. 



21.21. IDENTIFY: Apply Coulomb’s law to calculate exh force on -Q . 

SET L’P: Let F be the farce exerted by the charge at y - a aixl let F. be the force exerted by the charge at > - -it 
EXECUTE: (a) Tbc two fences on -O are shown in Figure 21.2 la. sin0- an ^ r ~ + x 1 * 14 


distaixe between q and -O and between -q and -O . 

1 qO 


(b> F % =-F u +F u - 0 . F - rj + A -2 




kQ* 


4rc (a : + x s ) 4 ,tc <o T ♦ x‘) vJ 


(cl At x = 0, f - 


- ."I ' 1 


in the M'direction. 


4x< a 

(d) The graph of F\ versus x is given in Figure 21.21b. 

Ev aluate: - 0 for all values of v and F f > 0 for all x. 

t' 


Q 

(« 





21.22. IDENTIFY: Apply Coulomb’s law to calculate c»:h force on -Q . 

Set Up: Let F x he the force exerted by the charge at y - a ami let F : be the force exerted by tbc charge at 

N 


y--o. Use distance between each charge q and Q is r - f a’ ♦ r' | . co *0 - 

EXECUTE: (a) The two fccces on -() are shown in Figure 21.22a. 


— 


(b) When r>0, F and arc negative. F = F +F =-2 


co*tf = J- -J3!L l-.Whcn 


4.TC, (<T -f x*> 4x% (TtTp 

x <0 . F u and F% t arc positive and the same cxprcssxm for F t applies. - 0 . 

(c>At x = 0. r 4 -0. 

(d) The graph of /•* versus x is sketched in Figure 21.22b. 
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21.7 


EVALUATE: The direction of the net farce on -Q is always toward the origin. 

f. 



■' T -4-3-2-101234 

<«> <b> 

Figure 2122 

21.23. IDEVIIFY: Apply Coulomb’s law to calculate th: force exerted on one of the charges by each of the other three 
and then add these forces as vectors. 

<a i SBT l»P: The charges are placed as shown in Figure 21.23a. 


i i * 





Figure 21.23a 

Consider forces on q 4 . Th: tree-body diagram is given in Figure 21.23b. Take the r-axis to be parallel to the 
diagoral between and q 4 and let +y be in th: direction away fnwn q 2 . Tlvn F } is in tbc +.V*diiectioo. 

__ ^ ^ * 4* 


r.XEttTI: t\ - - 


4.TC. /. 


'' \ 

- 




'u- 


*1.- 

\ 

F,, - 

< 



Figure 21.23b 

(b> R.=F l4 +F l4 + F u = 0 

. % 


L+F,,-./- -I2VJI—1... 1 

. 4«, I- 4.«. 21: 

* 

-—-(1 + 2yfl). Same for all four charu.es 
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21.24. 


21.25. 


21.26. 


21.27. 


EVALUATE: In general the resultant foccc an one of* the ehurv.es is directed away from the opposite corner. The 
forces an: all repulsive since the charges are all the same. By symmetry the net force on ooc charge can have no 
component perpendicular to the diagonal of the squire. 


IDENHFY: Apply F 


_AM 


to find the fcece of each charue on . Th: net force is the vector sum of the 


individual forces. 

SET UP: Let q x - +2.50 /C arxl q> - -3.50 fiC . The charge rq must be to the left of or to the right of q. in 
order for the two forces to be in opposite directions. But for the two forces to have equal magnitudes, +q must he 
closer to the charge q x . since this charge has th: smaller magnitude. Th^eforc. the two forces can combine to give 
zero net force only in the regicei to the left of q t . Let +V be a distance d to the left of q t . so it is a distance 
d + 0.600 m from q 2 . 

M-AlkJ- d - - , 0.600 ml - 1(0 8452*./ 0.600 ml. d muil 

d■ (d-. 0.600 m)‘ 

(0.8452*0.600 m) 


Execute: f\ - F 1 gives 


he positive, so d 


3.27 in . The ix-t force would be zero when +q is at x - -3.27 


1-0.8452 

EVALUATE: When +q is at x = -3.27 m . F t is in the -t direction and F, is in the ♦,v direction. 

IDENI1FY: F - |^|/: . Since the field is uniform, the force and acceleration arc constant aixl we can use a constant 
acceleration equation to fmd th: final speed. 

SET UP: A proton has charge ♦<* and miss 1.67 x 10 ' kg . 

Execute: <a> FMI60-I0 " CH2.7S-10' N(C)=4.40*10 " N 


... F 4.40-10 
|b> a - — - - 


2.63x10" mi¬ 


ni 1.67x10 kg 

(c( v. = »•„, »a,i gives i-(2.63-10" m'j’XIOO-lO* s)-2.63x!0* m* 

EVALUATE: The acceleration is very large and the gravity force on the proton can he ignored 

U 

IDENTIFY: For a point charge. F. -k i-i 

SET Up: /: is toward a negative charge and away from a positive charge. 

EXECUTE: (a) The field is toward the negative charge so is downward 

£ - 18.99 x 10* N- m : .C J )?‘ <0xl ° ( - 432 NC. 

(0.250 m>* 


{by 


m 


99x10* N mVc i K3.00xlO * C\ 


i 50 m 


12 .0 NC 

EVALUATE: At different points the electric field has different directions, but it is always directed toward the 
negative point charge. 

IDENTIFY: The acceleration that stops the charge is produced by the force that the electric field cherts on it. 
Since the held and th: acceleration arc constant, we can use the standard kinematics formulas to find acceleration 
and time. 

(a) SET Up: First use kinematics to find the proton's federation v 4 - 0 when it stops. Then find the electric 
field ncc&d to cause this acceleration using the fact that F — qE. 

Execute: ^ ->f. *2fl,(»-x,).0-<4.50 « ICtmfgf • 2d(0.0320mland<j-3.l6. Now find lie 

rtcctric field, with q-e.eE - ma and £ - ma/e “ (1 .67 x 10 kg*3.l6« I0 1 * nt'i^l.tO x 10 " C) - 5.30 - 
10 * NC. to th: left. 

(b> SET Up: Kinematics gives v - r 0 ♦ at. and v • 0 when the electron stops, so / • i 'Ja. 

Execute: t - vja - (4.50 - 10' ml.>(3.16 - 10" m**') - 1.42 « 10* % - 14.2 nt 

(c> SET UP: In part (a) we saw that the clcctnc field is proportional to m. so we can use the ratio of the electric 
fields. £ # /£, and £. -(i.Vm^JlT^. 

EXECUTE: £.-[(9.11 X 10 kgKI.67x 10' kg)I<3.30x lO'N.C)- I.KOx I0 1 NC, to the right 
EVALUATE: Even a modest clectnc field, such as the ones in this situation, can produce enormous accelerations 
for electrons and protons. 




Elcctnc Charge and Electric Field 


21.9 


21.23. IDKVHFY: Use constant acceleration equations to calculate the upward acceleration a and th:n apply F - qE to 
calculate the electric field. 

SET UP: Let - \ be upward. An clcctrcot has charge q - -c. 


EXECUTE: (a) v u -Oand a, =<i.so y-y 4 = v 0 ,/-f ±aE gives v- y p = +ar . Then 
- 2(4.50ml 1I|M . 1 r F ma (9.11 *W U kgHl.OOx10 12 m,V) 


r (3.00 x 10 sf q q 


1.60x10 C 


5.69 N/C 


The force is up. so the electric field must he downward since the electron has negative charge. 

<b) The clectreefs acceleration is -'I0“g . so gravity must be negligibly small compared to the electrical force. 
EVALUATE: Since the efortric field is unifemn. the force it exerts is constant and the electron moves with 
constant acceleration. 

21.29. (a) IDENTIFY: Eq. (21.4) relates the electric field, charge of the particle, and the force on the particle. If the 
particle is to remain stationary the net force on it must tv zero. 

SET UP: The frec-body diagram for the purticlc is skctch^l in Figure 21.29. The weight is mg. downward. For 
the net force to be zero the force exerted by th: electric field must be upward. The electric field is downward. Since 
the electrx field and the electric force arc in opposite directions the charge of the particle « negative. 


wg - ME 


Execute: 


Figure 21.29 

— - —4 5 *.° ' ^•”"^> a2 .,9,.Q-» C1 f -2l.9pC 
£ 650 N tC 


(b) SET UP: The electrical force has magnitude F. - - cE. The weight of a proton is tt - mg. F f — m 1 so 

cE - mg 

Execute: 

c 1.602 x10 “C 

This is a very small electric field. 

EVALUATE: In both cases |i/|/i - mg and E - (m [y|)g. In pari fl>) *hc m/|^| ratio is much smaller (- 10 ' > than 
in part (a) (— 10 ") so E is mu:h smaller in <b). For subatomic particles gravity can usually be ignored compared to 
dcctrx forces. 


21.30. Identify: Apply E 


k!. 

4.74. r 


Set Up: The iron nucVms has charge -26c. A proton has charge -te . 

Execute: <.) £. 1 <**■ *>»'«^ 

4,TC, (6.00x10 “'mf 

,b>£_,-L< l<O ‘ l0 ; C >,5.15.10" MC 
' 4b*. (5.29.10 m) 


EVALUATE: These clcctnc fields arc very larye. In each case the charge is positive and the ckctric fields are 
directed away from the nucleus or proton. 

21.31. IDENTIFY: For a point charge. E - xM. The net field is the vector sum of the fields pnxlured by each charge. A 


charge q in an clcctnc field E experiences a force F - qE. 

SET UP: The electric field of a negative charge is directed toward the charge. Point A is 0.100 m from q: and 
0.150 m from q t . Point B is 0.100 m from q t and 0.350 m from q : . 

Execute: (a) The electric fields due to the charges at point A arc shown in Figure 21.31a. 

£>*kL (8.99.10* N-m7C-'>Hill!l_L— 2.50.10' N.C 
r;, (0.150 m)' 

£. -*—J = (S,99. I0‘ N m l JC > : ' 5 : 1 "-^ - 1.124x10* N.C 

(0.100 mr 
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Since the two field* arc in opposite dircctxms. we subtract their magnitudes to find the net field. 

£ = £%-£,= 8.74 x ID* N.C. to the right. 

(h) The elector field* at point* 8 arc shown in Figure 21.3lb. 

f -*kLtS.99x!0‘ N 1^-1-5.619x10* N.C 

( 0 . 10 ) ml" 

£, _ *l!iJ , (K.99» 10* N m'.C- ) l2 5,l ° C - 9. 1 7x 10’ N.C 

' (0.350 m)' 

Since the fields are m the same direction, we add their mignrtudcs to find the net field. £ = £, + £* = 6.54x 10' NC, 
to the right. 

(c> At A. £ = 8.74x 10* N.C * to th: right The fone an a proton placed at thi* point would be 
f =*£ =(1.60x10 M 0(8.74 x 10* NC)= 1.40x10 11 X. to the right. 

EVALUATE: a proton has positive charge so the force that an elcctoc field exerts on it is in the same direction a* 
the field. 

4-0 150 mi -M—011)0 in—> 4-0.100 ra—M-0250 in- > 


r;« 


Figure 21 Jl 


H 




21.32. iDEvnn: The electric force i* /•* - qE 

SET l»P: The gravity fcecc (weight) ha* magnitude w - mg and is downward. 

EXECUTE: (a) To balance the weight the elretric force must be upward Th: electric field i* downward, 
so for an upward force the charge q of the person must be negative, w - £ give* mg - L|£ and 




Xt N C 


lb) F — k -(S.99<lO* N • m'VC : I—-1.4«I0' N 

r- (Ittlm) 


The repulsive fccce i* immense and this is not a 


feasible means of fiight. 

EVALUATE: The net charge of charged objects rs typically much less than 1 C. 

21.33. IDENTIFY: F:q. <21.3) gives the force on the particle in terms of its charge and the electric field between the 

plates. The force is constant and pnxlucc* a constant federation. The motion is similar to projectile motion; use 
constant acceleration equations for the horizontal and vertical component* of the motion. 

(a) Set Up: The motion is sketched in Figure 21.33a. 




» ... - ■» 

030 cm r 


a 

Y 

1 t r 

- - 


1 _ 


■ 




for an electron a - -c. 


Figure 2133a 

F - qE and q negative gives that F and E are in opposite directions, so F is upward. He frcc-body diagram 
for the electron is given in Figure 21.33b. 




Execute: 
cE - mu 


Figure 21-33b 

Solve the kinematics to find the acceleration of the electron: Just misses upper phtc sav* that .r - .r.. - 2.00 cm 


when v - V.. - +0.500 cm 


v-component 

Vj, = v u - l.60x 10* m'i. - 0..Y - a, - 0.0200 m. ( - 7 

i/ 




Electric Charge and Electric Field 


21-11 


x — Xm 0.0200 m ln . 

!■-1 =-- 1.25x10 * s 

IV 1.60x10 ms 


In this &imc time i the electron travels O.CflSO m vertically: 
r component 

r = 1.25x10 's. v 4t = 0 .y-y, -t00050 m. a, =? 

>-v.=v„l-. io/ 

20^y, a 2(0.0050n) 4 o ) .o, [n , l 

/' (1.25x10’*)' 

(This analysis is very similar to that used in Chapter 3 for projectile motion, except that here the acceleration is 
upward rather than downward. | This acceleration must he pnxlixcd bv the eVxtric*field force: cE - mu 


(9.109x10 “ k«H6.40xlO lk 


*64 N C 


I.«i2xl0 1 C 


Note that the accctaation produced by the clectnc Held is much larger than £. the acceleration produced by 
gravity, so it is perfectly ok to neglect the gravity force on the ekrtrcei m this problem. 

' l0: - 10 2 C " lhl N C > -3.49■ IQ 11 ’ mV 
* 1 , 1.673xHT ? kg 

Tins is much less than the acceleration of the electron in pari (a) so the vertical deflection is less and the 
proton wcoTt hit the plates. The proton has the same initial speed, so the proton takes the same time 
t - 1.25 x 10 • s to travel horizcci tally the length of the plates. The force on the proton is downward (in the 
same direction as E, siixe q is positive). so the acceleration is downward and a, - -3.49x I0 1 " mV. 

> ->i-v./-.io/-i<-3.49xl0 0 in , »’)(IJ5*IO-* if - -2.73-10 * m The displacement is 2.73xl0‘’m 
downward. 

<c) Evaluate: The displacements are in opposite directions because the electron has negative charge and the 
proton has positive charge. Hie electron and proton have the same magnitude of charge, so the force the electric 
field exerts has the sanx imgmtudc fee each charge. Hut the proton has a mass larger by a factor of 1836 so its 
acceleration and its vcitical displaecnxnt are smaller by this factor. 

21.34. IDENTIFY: Apply Eq.<21.7) to calculate the electric field due to each charge and add the two field vectors to find 
the resultant field. 

SET Up: For q x . r »/. For q l . r * cos Oi ♦ un^y . where 0 is the angle betw een E, and the *.v-axis. 

IXKCITG: (.) £- 2-.} = !- 9 0 v l0 * N m ' ( ’~*~ SM ' '?!£> =(-2.8l3» 10' NC) j. 

' 4J W J (0.04(H) m )* 

If.l--- 10* N m ( ' t| *""* »Q _, M0xI0 . N , c from «* 

1 1 10.0300 mf + (0.0400 my 


(-2.813x10* NC)i\ 


l .OSOx 10* NC . Tlie angle of E . measured from the 


Y-axis. is 180 -tan 


i 4.00 cm 


-126.9° Thus 


.» I ■ * r- 1 • «V>. - • I.U* 

\ 3.1HI cm / 

E, = (l 0S0 -10‘ NCI(/ cos 126.9= * /sin 126.9=) - (- 6.485 . I0 l NC|i .18.64-10* N.C) j 
(hi The resultant field it. E > E, = (-6.4S5 x 10‘ NC)l . (-2.813x 10* XC + 8.64 x 10* N.C )). 

E ♦ E, =<-6485x10* Nit)/ -(1.95- 10' NC)/ . 

EVALUATE: E i is toward since q t is negative. E. is directed away from q :% since i/ ; is positive. 

21.35. IDENTIFY: Apply constant acceleration equations to the motion of the electron. 

SET Up: Let “.v !>: to th: right and let ry be downward. The electron moves 2.00 cm to the nght and 0.50 cm 
downward. 

EXEC UTE: Use the honzontal motion to find the time when the electron emerges from the field. 

.v - % - 0.0200 m. »?. - 0. \' Vt - 1.60 x 10* m/%. x - x x , - \ Vt t + laj 1 gives / -1.25 x 10 * s . Since u. - 0, 


v. -1.60x11/ m/s. y- >., - 0.0050m. r t> -0./ - 125x 10 ' s. y-y, --— \t gi*\» i, -K.OOxlO* m/s . 

Then i = * 1.79 x 10* m/s. 

EVALUATE: v, - v 4% * at gives a, - 6.4 x 10“ ms*'. The clcctnc field between the plates is 
£ - SL - — 1 —° ^-l 6 1 ' 1 . J64 V,«. This is no, a ^ large field. 


60 x fi * c 
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21.36. 


21.37. 


21.38. 


21.39. 


IDENTIFY: Use the components of E from I.xamplc 21.6 to calculate the magnitude and dircctxm of E . U 
F = qE to cakulatc the force on the -2.5 nC charge and use Newton s third law for the force on Ihc 
-HO nC charge. 

SET UP: From Example 21.6. E - (-11 N.Cli ♦ <14 N,C)i . 


Execute: 


TF.: (a) £ - JE; + E; - </(-!! N.’C)*+ <14 N.C)* - 17.8 NC . 


lli-tan *(14/11) = 51.**, 


0 - 128 ° counterclockwise from th: Lr-axis. 

(b>(i) F = E<i*o F = (17.8N/CX2.5x 10 *C)- 4.45 x 10 ' N\ at 52° below the Er-axis. 

(n) 4.45x10 1 Nat 128° counterclockwise from the *A-a.\is. 

EVALUATE: The forces in pirt (b) arc repulsive so they arc along the line connecting the two charges and in each 
case the force it directed aw ay from the charge that exerts it. 

IDENTIFY and SET UP: The electric force is given by Eq. (21.3). The gravitational force is w, - m,g. Compare 
these forces. 

(a) Extern:: If. = (9.109-10 ; kg«9.K0 mi 1 )-8.93x10 “ N 

In Examples 21.7 and 21.8. E - 1.00x10* NC. n> IN: electric forec on the elento has magnitude 
F, = |g|f = *£ = (1.602x10 " CM 100x10* NC) - 1.602-10 " N. 

l- , 9 3 - | 0''N - S5 7,10~** 

F s 1.602x10 N 

Tlte gravitational force is much smaller than the electric forec and can be ncgleetcd. 

Ib> mg - |f|£ 

m -|y|£7g-(1602-10 " CHI.00x10* N'C)'(9.K0mi ; |- 1.65-10 “ kg 

— - l 6Vl| ° ' g -1.79x10*; nr-1.79.IQ 1 *... 
m, 9.109x10' 41 kg 

EVALUATE: m is much larger than « # . We found in pari (a) that if m - n\ th: grav itational force is much smaller 
than the cleetrie force. |gjis the same so the clcctnc force remains the sarrc. To get w large enough to equal F l% 
the mass must be made much larger. 

(cl The clectrx field in the region between the plitcs is uniform so the force it exerts cm the chirgcd object is 
independent of where between the plates the object is placed. 

IDENTIFY: Apply constant acceleration equations to the motxin of the proton. E - AV|»y|. 

Set Up: A proton lias mass »t f -1.67 x 10 * kg and charge -tc. Let be in th: direction of motion of the proton. 
EXECUTE: (a) »* lt - 0 . a -. x - A, - v Ut J F ~<ij * gives x-^,t —ay * - — -— r . Solving for E gives 

£ = 2(°0.60 : nX..67„0-k 8 ) 

(1.60x10 M C)(1.50x 10 s)‘ 

lb» v.=v 0 .»ti.i-— f = 2.l3xlO* mft. 

Ev aluate: The electric field is directed from the positively charged plate tow ard the negatively charged plate 
irxl the force on the proton is also in this direction. 

IDENTIFY: Find the angle 0 that r mikes with the *x-axis Then r = (cosO)i +(sin0)/ . 

SETUP: tan 0-yfx 

Exec ute: (a) tan '| —rad . r ■ -/ . 


... 12 r , . Jl: J2 z 

(b> tan I- --rad. r-_i*_y. 


(c) tan 


2.6 


1.97 rad -112.9° . r = -039/ ♦ 0.92/ (Second quadrant!. 


.♦ 1.10 

EVA1.UATE: In each ease we can verify that r rs a unit vector, because r 
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21.40. iDEVnn : The nd force on each charge must be zero. 

SET UP: The force diagram for the -6.50 /iC charge is given in Figure 21.40. F t is the force exerted on the 
charge by the uniform electric field. The charge is nc&itive and the field is to the right, so the force exerted by the 
field is to the left. /' y is the force exerted by the other point charge. The two charges hate opposite signs, so the 
force is attractive. Take the tx axis to he to the right. » shown in th: figure. 

EXECUTE: (a) F -M/T = 16.50-10* C|< 1.85 «10* NCI - l.20x 10* N 




-\<? N-m’iC*) 


(6.50x10* C 1(8.75 x 10 * C| 


18x10* N 


<0.0250 ml' 

Y. r .~ 0 Biw* r.f0 and 7* = F c -£ =382 N. 

|b> Now Fq is to the left, since like charges repel 

^o gives T-F'-F t -0 and T ~ F t «£ -2.02x10* N . 

EVALUATE: The tension is much larger when both charges have the sanx sign, so the force one charge exerts on 
the other is repulsive. 

> K 


Figure 21.40 

21.41. IDENTIFY and Set UK Use E in I5q. (21.31 to calculate E. F - nur to calculates, and a constant arccieration 
equation to cakulatc the final velocity. Let be cast. 

(a) EXECim: F\ -|q>|£ *(1.602x10 * C)(l.50 N.C) • 2.403xl0‘‘* N 
a t = (2.403x10 w NV(9.l09x 10 “ kg>- ♦2.63Sx!0 M ms 2 
Vj. - *4.50 x 10 * nvs. a, = r2.63Sx 10 " mfc\ x-x v -0.375 m v, -? 

= »V. 2 s 4 <x - x % ) gives v, = 6.33 x 10 * m*’s 
EVALUATE: E is west and q is nc&itivc, so F is cast and the electron speeds 141 . 

<b) Execute: F 4 = -fy|/r - -(1.602x 10 ,v CHI 50 NC)- -2.403x10'** N 
s /r,'(-2.403x 10 NV( 1.673x10* 1 kg) = -l.436xltf m'i J 
v* = *l.90x I 0 4 m>'s. a, =-1.436x10* m/s\ x-x^ = 0.375 m. v. =? 

= v,\ + 2 d € (x-x 9 ) gives v 4 = 1.59 x 10 4 m s 
EVALUATE: 9>0sof is west and tbc prcrton slows down. 

21.42. IDENTIFY: Coulomb's law for a single point-charge gives the electric field. 

(a) SET Ur: Coulomb's law fora point-charge is E = (l/4x^)g/r*. 

Execute: £-(9.00* IO ,, N-m ; . l C J K1.60» 10 " CWl.SOx 10 " m) 1 -6.40x lO^N.C 
<b> Taking the ratxi of the electric fields gives 

£/*.„ - (6.40 x 10 s *N.C |'< 1.00 x 10 * N.C) - 6.40 x I 0 1 ' times as strong 
EVALUATE: The clrclric field within th: nucleus is huge coirparcd to typical laboratory fields! 

21.43. IDENTIFY: Calculate th: electric field due to each charge and find the vector sum of these two fields. 

SET UP: At points on tbc .Y-axis oily the .1 component of each field is nonzero. The ckelric field of a point 
charge points away from the charge if it is positive and toward it if it is negative. 

(a) I lallvvay between the two charges. E - 0 . 

1 * H I ^ ax 


EXECUTE: 

(b> For |.r|<*j. E 


l or x> a. E 


lor x<- 


9 


«) (a-xl 
9 


4-^,. (•«* " 

* 1 V . ■/ | -9 

l '<, *? i 4t ‘. <*'-«'>*' ’ 

-I ( q q L 29 


•**Y 


a* *■ 


4 ? «.(.,*- < i-| 


The graph of E versus x is sketched in Figure 21.43. 
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EVALUATE: The magnitude of the field approaches infinity at the (oration of one of the point charges. 



21.44. IDENTIFY: I or a point chirer 


a point charge. E - X M . 


Fi|ure 21.43 

for the net elcctnc field to be zero. E and E must hive equal 


magnitude* and opposite directions. 

SET UP: Let - *0.500 nC* and - +8.00 nC. E is toward a negative charge and away from a positive charge 
EXECUTE: The two charges and the directions of their electric fields in three repots are shown in Figure 21.44. 
Only in region II axe the two electric folds in opposite directions. Consider a point a distance v from <j t so a 

distaixc 1.20 m - x from £, - £, gives A ! ■ '" M - = A * <M> * X — 16 .Y* = (1.20 m - x)’ . 4.r - 1(1 .20 m - x) 

r‘ ( 1.20 -x)* 

and x - 0.24 m is tfo positive solution The electric field is z^io at a point between tfo two charges. 0.24 m from 
the 0.500 nC charge and 0.96 m from the 8 00 nC charge. 

EVALUATE: There rs only one paint along the line connecting the two charges when: the net electric field is zero. 
This poant is closer to the charge that has tfo smaller magnitude. 


Vi 


Figure 21.44 

21.45. IDENTIFY: Eq.(21.7) gives tfo clectnc field of each point charge. Use tfo principle of superposition and add tfo 
clcctrx field vectors. In part 00 use Eq.(2l.3) to calculate the force, using the clectnc field calculated in part (a). 
<al SET Up: The placemen! of charges is sketched in Figure 21.45a. 




- t2COnC 


h ^ -51KI.C 


IJMiw IldWm QM*l 


Figure 21.45a 

Tfo clectnc field of a point charge is directed away from the point charge if tfo charge is positive and toward tfo 

poant charge if the charge rs negative. Tfo mignxtixlc of tfo clectnc field is E —M. where r is the distance 

4«,r 

between the point when: the fold is calculated and the point charge. 

(it At paint a tfo fields E of if and E of if are directed as shown in Figure 21.45b. 


Figure 21.45b 
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Execute: £ ——fcJ-<8.988 -10' N m’/C 1 ) J "°* IU 1 - 449 \ NC 
'• <0.200 m>- 

£, - _Lhl - (8.988. .O' N. m'/C 1 ) 5,0 . * I0 “ C - 124.8 N/C 
• 4 ^, r* (0.6(H) m)’ 

£ u = 449.4 NC,£ U =0 

E it = 124.X N’C. £%, =0 

£ = E u + E u - -t449.4 NC + 124.8 N C = +574.2 NC 

£,=£ u +£,,= 0 

The resultant Field at point a has mignitixlc 574 N C and is in the ♦.v directicei. 

(ii> SET I’P: At point b the fields E t of?, and £\ of q : are directed as shown in Figure 21.45c. 



Figure 21.45c 


Execute: £, - _!_!iJ-<s.9S8.lo' x-m‘.t ! r —' ! " ' 12.5 N/C 

' 4( 1.20 m)' 

^ _LhJ - (K.988x 1 O' N m-'.C 1 ). 5 ° <l ' 10 ’ C - 280.9 N/C 
• 4«„ i* ' ’ (0.400 m)‘ 

£„ = 12.5 N/C. £,, =0 

£> t = -2S0.9 N'C. E lf -0 

£, = £,. *£., =fl2.5 NC-280.9 NC =-268.4 NC 
£•,=£„+£,,= 0 

The resultant field at point b hit magnitude 268 N.'C and is in the -*• direction. 

(lii) SET Up: At poent c the fields E x of q t and £.. of ?. are directed as shown in Figure 21.4$d. 



Figure 21.45d 


EXFXUTE: £ =—(8.988x!0 # N i—i- - 449.4 NC 

4*«,7 (0.200 m|* 

£,.-Lk4-(8.988xl0^ N.nt^)! 00 ^ 0 ^ 


4 *<0 r s 
£, = -449.4 NC £, ^ 0 


(1.00 m>* 


44.9 N. C 


£>, - -44.9 N.C, E lf -0 

£. = £„ + £s t = -449.4 NC -* 44.9 N.C = -404.5 NC 
E, = £„ + £*, =0 


The resultant field at point b his magnitude 401 SC and is in the -x -direction. 

<b| SET UP: Since we have calculated E at each point the simplest way to get the force is to use £ - -cE. 
Execute: (■) F - (1.602x10 CX574.2 N'C) -9.20x10 " N. -x-din-ctun 


(ii) £-(1.602x10 “ C)l268.4 N/C) = 4.30.10 ,: N. + j direction 


(in) £ = (1.602x10'” CX404.5 N/C) = 6.48x10 " N. -fidin-clum 

EVALUATE: The general rule for electric field direction is away from positive charge and toward negative 
charge. Whether the field is in the +.r« or - x -direction depends on where the fWld point is relative to the charge 
that produces the field In part (a) the field magnitudes were added because the fields were in the some direction 
and in <bl and (c) the field magnitudes were subtracted because the two fields were in opposite directions. In 
part <b) we could have used Coulomb's law to find the forces cm the eVxtron due to the two charges and then 
added these fcccc vectors, but using the resultant electric field is much easier. 
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21.46. 


21.47. 


21.4*. 


IDENTIFY : Apply l:q.(21.7) to calculate the field due to each charge and then require that th: vector sum ol'tlie 
two fields to be zero. 

SET UP: The field of each charge is directed tow ard th: charge if it h negative and away than the charge if it is 
positive . 

EXECUTE: The point where the two fields cancel each other will have to he closer to the negative charge, 
because it is smaller. Also, it can't he between the two charges, since the two fields would thm act in the same 
direction. We could use Coulomb’s law to calculate the actual values, but a sampler way is to note that the 8.00 nC 
charge is twice as large as the -4.<X) nC charge. The zero point will therefore have to be a factce of farther 
from the 8.00 n(’ charge for the two fields to have equal magnitude, (’ailing .r the distance from the 4.<X) nC 
charge: 1.20 + x - Jlx and x = 2.90 m . 

EVALUATE: This point is 4.10 m from the 8.00 n(’ charge. The two fields at this point are in opposite directions 
and have equal magnitudes. 

IDENTIFY: E - A M . Hie net field is the vector sum of the fields due to each charge 

SET Up: The electric field of a negative charge is directed toward the charge. Label the charges q x% q » and qu as 
shown in Figure 21.47a. This figure also shows additional distances and angles. The clcctnc fields at point P are 
shown in Figure 21.47b. This figure also show* the xy coordinates we will use and the v and v components of the 
fields if,. £. and E t . 

EXECUTE: £-£,-• (8.99x10* N m*C‘ K 10 ‘ Jl ( . - 4.49x10* NC 
‘ (0.100 m)- 

Es = (8.99x10* N-.m-C)— ill— L _ 4.99 x 10* NC 
( 0.0600 m( 

£, =£„ ♦ =0 arel E, = £,.+£.♦£,.=£, +2£,casS3.l* ^ l.04x 10 T N.C 

E -1.04x10’ NC, toward the -2.00 ;/C charge. 

Evaluate: The x-cocnpoocnts of the fields of all three charges are in the same direction. 




(*) 

Figure 21.47 

IDENTIFY': A positive and negative charge, of equal magnitude q. are on the v*a.\is a distance a from the origin. 
Apply Eq.l 21.7) to calculate the f*:ld due to each charge and then calculate the vector sum of these fields. 

SET L’P: E due to a point charge is directed away from the charge if it is positive and directed toward the charge 
if it is negative. 

EXECUTE: (a) Halfway between the charges, both fields are in the -.v-directicei and E -—in the 

4jW| a‘ 

-x-directicm. 

(hi £.-— - — r ~ — - for x\< a . E -— --— ■+- - -I for x>a. 

4m I, (a + xY (a - xY ) 4m71 (a + x>* (a - xY 


£ - 


4m I ia + x) s (a-xY 


for x<-a . E is graphed in Figure 21.48. 
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EVALUATE: At points «i the x axis and between the charges, is in the -.v-dircction because the fields front 
both charges arc in this direction. For x< -*r and x > +a . the fields fn>m tlie two charges arc in opposite 
direction* and the field from the closer charge i* larger in magnitude. 



Figure 21.48 

21.49. IDENTIFY: The electric field of a positive charge i* directed radially outw ard from the charge and has magnitude 
E -iil The resultant electric ftcld is the vector sum of the fields of the individual charges. 


SET l.'P: The placement of the charges is shown in Figure 21.49a. 




Figure 21.49a 


Execute: (a) The directions of the two fields are shown in Figure 21 49b. 

Ey £.-£.-Ltd with/-0.150 m. 

^ ^ 4x<, r 

* £-4-f>Ol£>a£,aO 

Figure 21.49fi 

(b> The two fields have the directions shown m Figure 21.49:. 


£ = £, ♦ £•. in the ■* i direction 


_LkJ_ 

4**. r 


Figure 21.49c 


<I0 V N• nTC *\ 


.. 6.00x10* C 


10 . 1 50 m i 


2396.8 N C 


E\ , <8.988 x 10* N nTC* { 266.3 N.C 

* rj (0.450 m)‘ 

E ^ E + £. = 2396.8 N.C ♦ 266.3 N/C - 2660 N.C; £ •= +2260 NC. £ - 0 
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<c> The two fields have the directions shown in Figure 21.49d. 



£ - 18.988x10“ N ' - 337.1 NC 

10.400 ml' 

£. = -LfeJ 

r; 

£^(8.988x10* N 215.7 N.C 

£,. - 0. £„ =-£, =-337.1 NC 

£* - »£ ; co*0 - -*<215.7 NVCK0.600) - »129.4 NC 

£, - -£. tin <7 ^ -4215.7 NCKO.KOOI - -172.6 N.C 






D400 m 
151X1 m 
0.300 n> 
0.500 m 


- 0.600 


£, = £ <t -t£ Jt =-337.1 NC -172.6 NC --510 N.C 
£ - ^£; * £* -^(129 N.C)* -t (-510 N C( J - 526 N.C 
£ and its compcvicnts arc shown in Figure 21.49c. 



tail a — 


tana 


-510 NC 


-3.953 


♦ 129 NC 

a - 2S4C, counterclockwise from r r axis 


Fisurt 21.49c 

<d) The two fields have the directions shown m Figure 21.491’. 



- 


0.200 m 

0.250 m 


- Q.800 


Figure 2149f 
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21.50. 


21.51. 


The components of the two fields are shown in Figure 21.49g. 





ire. v 


E, -(8.988x10* N ra-'t) 
r = £. s 862.8 N/C 


6.00x10 'C 
<0.250 m)' 


£„ = -£,co*0, E it - +£ costf 

£ «£ t=0 


E -+£ si 


£ Jr - r£ ? sin# 


£. - £,. +£ ; , -2£,, - 2£,sin# -2(862.8 NCJ^O.ROO)- 1380 N7C 
£ »13H0 NC. in the + y-dircetiem. 

EVALUATE: Point a is symrrcirically plarcd between id:ntu.nl charges, so symmetry tells us the electric field 
must he zero. Point fr is to the right of both charges and both electric fields are in the *x*dirrcboo and the resultant 
field is in this directum At pnint c both fields have a downward component and the field of q i has a component »o 
the right, so the net E is xn the 4th quadrant. At point */both folds have an upward component but by symmetry 
they have equal and opposite x*cocnpoocnts so the net field is in the * i-direction. We can use this sort of reasoning 
to deduce the general direction of the net field before doing any calculations. 

iDEVnFY: Apply EqX21.7) to calculate the field due to each charge and tfon calculate the vector sum of those fields 
SET UP: The fields d\x to q and to q > an: sketched in Figure 21.50. 


Execute: 
- 1 


(6.00-10__j 5(| - NC 


£ ^ 


(4.00x10 4 Cl 


1t<, <0.6 ml 

1 


l l0.hU.MI 


(0.800)/ U(2l.6r ♦ 28.8/)N/C . 


4/r*, \ (1OO m)' (1.00 m) 2 

E a £ + E s = (-128.4 NC)f ♦ <28.8 N.C) j . £ ^ J< 128.4 N C)* *<28.8 NCf ^ 131.6 NC 


t) - tan 


Y 28. 


-12.6° above the -v axis and therefore 196.2 cixintcickiekwise from the mams. 


1128.4 

EVALUATE: E is directed toward q> because q. rs negative and E. is directed away from q. because a-, is positiv e. 



IDENTIFY: He resultant electric field is the vector sum of the fold E x of q and E . of q i 
SET Up: The placement of the charges is shown in Figure 21.51a. 


ill 

<0 

m K 

\\X*m 
[ _**« >0 

■w m 

n- — 

* *** * 

U DO u 

"l»i* UlSJn 


Figure 21.51a 
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Execute: (a) The directions of the two field* are shown in figure 21.51b. 

‘ i h\ 


5 - >■ 


J.tc, i: 


£ a <8.988 x 10' N • m‘7c ! ) 




MK0« 10 C 
(0.150 m)-' 


B. 

£,-£.- 2397 N'C 

Figure 21.51li 

£,. = -2397 N'C. £,, = 0 £ s = -2397 N,C. £., =0 
£, = £,. • £.. - 2(-239? N.'C) - -4790 NC 
£,=£,,-.£,,*0 

The resultant electric held at point a in the sketch has magnitude 4790 N.'C and is in the - v-directicm. 
(hi Tlic direction* of the two fields are shown in Figure 21.51c. 


*i 


<6 < 0 . ( . 

Figure 2I.5Ic 

5.00x10 v C 


2397 N t 


£ - —i—!i! = (8.98ftx 10* N-mW) - ! 

4x4, r; (0.150 m)* 

£, , _LH -.8.988x10- N• nflC*> 6 I °“ I0 ' C - 266 N.C 

* 4** r; (0.450 m) 3 

E u = 42397 NC. £ lf = 0 E it = -266 NC, E if =• 0 

E, * E tl 4 E u - 42397 NC - 266 N.C ^ 42130 N7C 
E = £, 4£ % =0 

# i» 1; 

The resultant electric field at point b in the sketch has magnitude 2130 NC and is in the 4a direction 
(cl The placement of the charges is shown in Figure 21.5 Id. 

0309 ■ 




>0 
■ ■ V 

. 0.300 m 

sin 0 - 0.600 

\ \ 1 



0.500 in 

V. 


1 **C0I m 

e mO 04Wm -0.800 

hvhtK 

'V 1 


0.500 m 


Figure 2!.5Id 

The directions of the two fields are shown in Figure 21.51 e. 


<0 







4.T«,r 


. , 6.00x10 *C 


10.400 m>* 


£, = (8.988 xlu N iiTC*) 

£, ^ 337.0 NVC 

£.=-L_N 

4,t<, r! 

E. -(8.988* 10' N m’(C-) 60D * 10 ( 

(0.500 m) 

£.-215.7 NC 


Figure 21ilt 

E u - 0, £ h = -£, = -337.0 NC 

E it - -£ : sm0--(215.7 NCK0.600) - -129.4 NC 

£>, =4f,cwH= 4(215.7 NC)(0.800}= *172.6 NC 
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£. = £,. +E it =-129 N.C 

£, = £„ + £*, = -337.0 N.C + 172.6 NC = -164 NC 
£ = ^£?+£; = 209NC 

The field £ and its components arc shown xn Ficurc 21.51 f. 



lanr/ - 


lan <t 


-164 N C 


-11.271 


-129 N'C 

r/ - 232°, counterclockwise from + .Y-axis 


(dl The placement of the charucx is shown in Figure 21 .Slg. 


/ 

/ 

t 

d 

\ 

v 

x U250 in 
\ 

s 

■ 

*-4*\ 


0.15i» ir 

>150 »i 




321X1 m 
> 250 m 


cos^= al5<)m 0.61X1 
0.250 m 


Figure 21.51 k 

The directions of the two fields arc shown in Figure 21.51 h. 



£, - A, = 


4^4. r : 


£. = (8.98Sx I0 V N m'C*| 


6.00 x 10 * C 


(0.250 mf 


A, - K62.S NC 
E. = £ - 862.8 NC 


Figure 21.51h 

£„ = -£, co* 0 , £j, = -£* cos# 

A. = £ 4i + £ i4 = -2|862.8 NCU0.600) = -1010 NC 


£,=£.,+£,,=0 
£ = 1040 NC. in th: - *-direction. 

EVALUATE: The electric fickl produced by a charge is toward a negative charge and away from a positive chirge. 
As in Exercise 21.45. we can use this rule to deduce the dirrclion of the resultant field at each point before doing 
any calculations. 

IDENTIFY : For a long straight wire. A'- 

SET Up; --449-10’ N- rn'iC*. 

- ,T< . 

.. 1.5x10'^C,'in 

EXECUTE: r - l.OHm 

2«,<2.50N.C> 

EVALUATE: Fee a point charge. A’ is proportional to 1 »’/*. For a long straight line of charge. A* is proportion!] to 1 fr. 
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21.53. 


21.54. 


21.55. 


IDENTIFY: Apply Ea(2l.10> far the finite line of charge anil A'-— fur the infinite lire of charge. 

SET IJp: Fur the infinite line of positive charge. K is in the * x direction. 

Execute: (a) Fur a line of charge of length 2a centered at the origin and lying along the y'-axis, \hz electnc field 

A 


is given by l:q <21 I0>: A - 


2 «. xj?, 


(b> For an inlimte line of charce: E =-i Graphs of electric field v asm position fee both distribution* of 

2 rc,x 


charge are shown in Figure 21.53. 

EVALUATE: For small x. close to the line of charge, the fiekl due to the finite line approaches that of the infinite 
line of charge. Asa* increases, the field due to the infinite line falls off more slowly and is larger than the field of 
the finite line. 



(ai IDENTIFY: The field is caused by a finite uniformly charged wire. 

SET UP: The fiekl for such a wire a distanre x from its midpoant is 

£ - 1 _V f 1 1 * 

xj(x/a)‘ ■> I 'I 4.TC, 

(IS.OxlO* X-m-'/C-'Wl7SxlO'• CJnl 

Execute: E- ---- -3.03 - 1 o' NC. dirc:lrd upward. 

<0.0600 m) fl L ™.— I *1 


4.25 cm 

(b) IDENTIFY: The field is caused by a uniformly charged circular wire. 
SET UP: The fiekl for such a wire a distanre v from its midpoent is E - 




*riTrWr 


We fnsl find ihc radius 


of the circle using 2nr - A 

Execute: Solving for r gives r - I 2x - (8.50 cm y2x - 1.353 cm 
The charge on this circle « Q - ;j-<175 nC/mMO.OKSO ml - 14.88 nC 
The electric field is 

(9.Mx 10'N in’.C')(I4.8S-10 'C011600m I 


Ox 




[<0.0600m) ; »<0.01353mr ‘‘ ' 


E - 345 x I0 4 NT. upward. 

Evaluate: In both eases, the fields arc of the same order of magnitude, but the values are different because the 
charge has been bent into dificrent shapes. 

IDENTIFY: For a ring of charge, the electric fiekl is given by I:q. (21.8). E » qE . In part (b> use Newton’s third 
law* to relate the force on the ring to tic force exerted by the ring. 

SETUP: 0-0.125x10 'C % a - 0.025 m and ,r = 0.400 m. 

Execute: <a> E = — - i ■ <7.0 NCil. 

4 .«,<»■ »a‘) 

<b< - -F... = - -|-2.50x 10 *C) <7.0 N.C)/ = <l.75x 10 ' N)f 

EVALUATE: Charges and Q have opposite sign, so the force that ^ exerts on the ring is attractive. 
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21.56. IDENTIFY: Wc must use the appropriate clectnc Held fcemula: a uniform disk in (ak a ring in <bl because all the 
charge is along the nm of the disk, and a point-charge in (c). 

<a i SiTUP: Pint find the surface charge density {O'A ). then use tlie formula Uk the field due to a disk of charue. 

£ _-. ' 

2 <,| +1 

Execute: The surface charge density is <t - *- - *— - -—-—!—- 1.324 x 10 ' C m'. 

A .er* ;r<0.0125 mj 

The electric field is 


E 1- 


.324x10 -s C.'m“ 


2<J J(Rfx)> +1 2(05x10 C*''N m*) . .2Sc m Y 


2.00 cm 


£**-1.14x10' N'T, toward the center of the disk. 

1 Ox 

(hi SET IP: For a ring of charge, the field is £---— 

*** (**♦<!*) 

EXECUTE: Substituting into the electric field formula gives 

I Qx (9.00 x!0 v N m J iC*)(6.50xl0‘* CX0.0200m> 


*** (x* + a 3 )* ‘ I (0.0200 mf r (0.0125 m) 1 ] 


E - R.92 x 10 4 MC, toward the center of the disk 


(cl SET UP: For a poiiu charge. £ - (1 /4 t«, )qfr 1 . 

EXECUTE: £ - (9.00 X 10° N m 2 ,C 2 K6.50 x 10 v CX0.0200 m> : - 1.46 X 10 5 NC 

<d» EVALUATE: With the nng. more of the charge is fartlw from P than with the disk. Also w ith the ring the 
component of the clectnc field parallel to the plane of the ring is greater than with the disk, and this component 
cancels. With the point charge in (c). all the field vectors add with no cancellation, and all th: charge is closer to 
poant P than in the other two eases. 

21.57. IDKKIIVY: By superposition wc can add the clectnc tickls from two parallel sheets of charge. 

SET IP: The field due to each sheet of charge has magnitude *7/2c, and is directed toward a sheet of negative 
charge and away from a sheet of positive charge. 

(a) The two fields are in opposite directions and £ - 0. 

<b> The two fields arc in opposite directions and E - 0. 

T CT 

(cl The fields of both sheets arc dow nward and /: - 2-. directed downw ard. 

2c. f 

EVALUATE: The held produced by an infinite sheet of charge is uniform, independent of distance from th: slxct. 

21.58. IDENTIFY and SET UP: The electric field produced by an infinite sheet of charge with charge density a has 

magnitude . The field is directed toward the sheet if it has negative charge and is away from the sheet if it 

has positive charge. 

Execute: (a) The field lines are sketched in Figure 21 .S8a. 

<b» The field lines arc sketched in Figure 21.58b. 

Evaluate: The spacing of the field lines indicates the strength of the field. In part (a) th: tw o fields add 
between the sheets and subtract in the regions to the left of A and to the right of B. In part (bl the opposite is true. 


<d) (b> 

Figure 2138 
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21.59. IDCM1FY: The force on the particle at any point is always tangent to the electric field line at that point. 

SET Up: The instantaneous velocity determines the path of the particle. 

EXECUTE: In Fig.21.29a the field lines an: straight lines so the fonre is always in a straight line and velocity and 
acceleration are always in the same direction. The particle moves in a straight line along a field line, w ith 
increasing speed In Fig.21.29h the Held liixs are curved. As the particle moves its velocity and acceleration are 
not in the &ime direction and the trajectory does not follow' a field line. 

EVALUATE: In two-dimensional motion the velocity is ahvays tangent to tlx trajectory hut the velocity is not 
always m the direction of the net force on the (Mrticle. 

21.60. IDENTIFY: The fteki appears like that of a point charge a long way from the disk and an infinite sheet close to the 
disk's center. The field is symmetrical on the nght and left. 

SET UP: For a positive point charge. E is proportional to l.'r'and is directed racially outward. For an infinite 
sheet of positixe charge, th: field is uniform and is directed away from the sheet. 

Execute: The fold is sketched in Figure 21.60. 

Evaluate: Near th: desk th: field lines are parallel and equally spaced, which corresponds to a uniform field. 
Far from the disk the field lines are getting farther apart, corresponding to th: Mr* dependence for a point charge. 



Figure 21.60 

21.61. IDENTIFY: Use symmetry to deduce the nature of the field liixs. 

<a i SET Up: The only distinguishable direction is toward th: line or away from the lira:, so the electric field lines 
arc pcrpcrxlicular to the line of charge, as shown in Figure 21.61a. 

% 

Figure 21.61a 

<b> EXFICt.TE and EVALUATE: The magnitude of the clectnc field is inxcrscly proportional to the spacing of the 
field lines. Consider a circle of radius/* with the line of chirge passing through the center, as shown m 
Figure 21.61b. 



Figure 21.61b 


The spacing of field lines is th: same all around the circle, and in the direction perpendicular to the plane of the 
circle the lines are equally spaced, so E depends only on the distinee r. The number ofticld lines passing out 
through the circle is independent of the radius of th: circle, so th: sparing of the field lines is proportxmal to the 
rccipnxal of the circumference 2rr of the cirvk. Havre E is proportional to Mr. 

21.62. IDENTIFY’: Field lines are directed away from a positixe charge and toward a negative charge. The density of 
field lines is proportional to the magnitude of the electric field. 

Sf:t UP: The field lines represent the resultant field at each point, the net field that is the vector sum of the fields 
due to each of the three charges. 

Execute: (a) Since field lines pass from posithc charges and toward negatixe charges, we can deduce that the 
top charge is positive, middle es negative, and bottom is positive. 

<b> The clcctrx field is the smillcst on the horizontal line through the middle charge, at two positions on either 
side where the field liixs are least dense. Here the r-corrponcnts of the field arc carxelled between the positive 
charges and tlx negative charge cancels the .y- component of the field from the two positive charges. 

EVALUATE: Far from all three charges the field is the sanx as the field of a point charge equal to the algebraic 
sum of the three charges. 
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21.63. <a) Identity and Sit UP: Use Eq.<21.14) to relate the dipole moment to the charge magnitude aixi the 

separation d of the two charges. The direction is from the negative charge tow ard the positive charge. 
EXECUTE: p-qd - (4.5 X10 * C)(3.1X10 * m) -14x10 'Cm; The direction of p is from q t toward q y 
<b> IDENTIFY and SET UP: Use fcq. (21.15) to relate the magnitudes of the torque and field. 

EXECUTE: r - pE%i nfk with 0 as defined in Figure 21.63, so 



ptinfi 

7.2»10" N m 
11.4-10“ C m)«n36T 


m NC 


Figure 21.65 


EVALUATE: Eq.)21.151 gives the torqix about an axis through the center of the dipole. But the forces on the two 
charges form a couple l Problem 11.531 ami the torque is the some for any axis parallel to this one. The force on 
each charge is |i/|A* and the maximum moment arm for an axis at the center is d* 2 , so the maximum torqu: is 

2<[?|£)(<f'2) - 1.2 x 10 * N m The torque for the orientation of the dipole in the problem is kss than this 
maximum. 

21.64. <a) Identify: The potential energy is given by Eq.(2l.l?). 

Set l.'P: U(0) - -p E - -pE cos^. where 0 is the angle between p and E. 

Execute: parallel: 0 - 0 and V{(f ) = -pE 
perpendicular 0 - 90° and 90 : ) - 0 

At/=l/(9fr)-C/{0°) = pE’-(5.0x10'C m)(l.6xl^ NC) = 8.0xl0* J. 

2AU 218.0x10'^ J) 

<b> i*r = AC sor-—-0.39 K 

3A 3(1.381x10 * JVK) 

EVALUATE: Only at very low temperatures are the dipoles of the molecules aligned by a field of this strength. A 
much larger held would be required fee alignment at room temperature. 

21.65. IDEYITFY: Follow the procedure specified «n part (a t of the pretolcm. 

SET UP: Use that y » d . 

Execute: 1 - 1 . ..ThUgivo 

Cv-«r/2» (vTrfJ5? (y-d-fiy (v 1 -d‘;ir 

t- . 9 2 yd qd v ._ /> 


This gives 


Since v 3 »d i ! 4, E * — - - 


' i3i,(y‘-d‘/4y 2 «^ (y-d/4) ’ 2x V ' 

(b> For points on the -r*axis, E is xn the *v direction and E. is in the —i* direction The fiekl point is closer 


-q , so the net fiekl is upward. A similar dcnvatxin gives E % * 


/.* has the same magnitude and direction 


at points where y » d as where y « -d . 

EVALUATE: E falls otTlikc I fr for a dipole, which is faster than the I tr* for a point charge. The total charge of 
the dipole is zero. 

21.66. IDENTIFY: Calculate th: electric field due to the dipole and then apply F = qE . 

Set UK From Example 21.15. £. (.«)-— 


Execute: E. - -52?——— C ,n . 4.11 -10* NIC. Tlw clecihc fcrec it F-qE- 

(1.60-10 '* CK4 II-I0* NC) = 6.58x10"" N and it lowanl the water molecule (negaiive i dircciKKi). 
EVALUATE: E is in the direction of p . so is in the ♦.v direction. The charue q of the ion rs negative, so F is 


directed epponte to E and is therefore in the -x direction. 

21.67. IDENTIFY: Like charges repel and unlike charges attract. The force increases as the distance between the charges 
decreases. 

SET Up: The forces on th: dipole that is between the slanted dipoles are sketched in I'igure 21.67a. 
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21.68. 


21.69. 


21.70. 


EXECUTE: The fccccs arc attractive because the ♦ and - charges of the two dipoles arc closest. The forces arc 
toward the slanted dipoles so have a net upward component In Figure 21.67b. adjacent dipoles charges of opposite 
sign are closer than charges of the same sign so the attractive forces are larger than the repulsive fceces and the 
dipoles attracL 

Evaluate: Kach dipole has zero net charge, but because of the charge separation there is a non-zero f«cc 
between dipoles. 

*t. r* Fy 


N t/,. 


(a) <b> 

Figure 21.67 

IDENTIFY: Find the vector sum of the fields due to each charge in the dipole. 

SET UP: A poent cxv the r«axis with coordinate .r is a distance r - yjidlly + x’ from each charge. 

I q it 1 

EXECUTE: (a) The magnitude of the field the due to each charge is £---— - 

4 ™,I id/ 2 ) +x'J 

where d is th: distance between th: two charges. The .vcompoocnts of the focecs due to th: two cKirgcs 
ire equal and oppositely directed and so cancel each other. The two fickis have equal r-components. 

2* 


so/: - 2 £-— -Isintf. where 0 is the angle below the.r-axis for both fields, sintf - ■ ■ 

X 77 TT 7 


jnd E. 


! ^ I j d !2 qJ 

; 4«, A (rf/2)' . V Jlrf/2)' + v' 4.w.«rf/2)-- ~7~ ' 


Th: field » the -y direction 


(bl At large v, .r* » I d fly . so tbc expression in rxirt fa) reduces to the approximation £ * —111— . 

* 4jw v 


EVALUATE: Fxamplc 21.15 shows that at points cm the »y axis far from the dipole. £^ 4 , * 


2*V‘ 


I u 


expression in part (b) for points on the v axis has a similar form. 

IDENTIFY: The torque on a dipole in an electric field is given by r = p x /: . 

SET L’P: r - pE sm$$. where d 1 * the angle between the direction of p and tbc direction of £ . 

Execute: (a) The torque is zero when p is aligned cither in tbc same direction as E or in the opposite 
direction, as shown in Figure 21.69a. 

(bl The stable orientation is when p is aligned in the same direction as E . In this case a small rotation of the 
dipole results xn a ticque directed so as to bring p back into alignment with E When p is directed opposite to 
E . a simll displacement results in a torque that takes p farther from alignment with E . 

(cl Field lines 6 »r in tbc stable oricntaticei are sketched in Figure 21.69b. 

Evaluate: The field of the dipole is directed from tbc ♦ charge toward the - charvc 


©«—6 0—/f 


H) 



liifurf 2 IA 9 


IDEM I IVY: The plates produrc a uniform electric field m the space between them. This field exerts torque on a 
dipole and gives it potential energy. 

SET UP: The electric field between the plates is given by £ - and the dipole moment is /> - ai. The 
potential energy of the dipole due to the field is U - -p E - -pEco s^ . and the torque the field exerts on it is r— 
pE sin p 
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EXECUTE: (a) The potential energy. U - -p F - -pEco&f . is a maximum when 180°. The fWld between 
the plates it £T- rri'c,, giving 

L'm -(1.60* 10 “’CX220x 10‘mMI2S - IO*Ctafy<8.85 x 10 C ; .N • m ; ) - 4.97 x 10 “j 
The orientation is parallel to the electric f*:ld (perpendicular to the plated with the positive charge ot*the dipole 
toward the positive plate. 

<h> The torque, r - pE fin ft if a maximum when 90 z or 270°. In this ease 
- pE - pvt*, 

r.~ -('•*(“ 1° * c )(220x10* m)(l25xlO * Cm-)/|lt.SS*IO l! C J /N-in l ) 
r_ =497*10'* N m 

The dipole is ooented perpendicular to the electric field t parallel to the plates). 

<c>F- 0 . 

EVALUATE: When th: potential energy rs a maximum, the torque is zero. In both eases, the net force on the 
dipole is zero because the forces on the charges arc equal but opposite (which would not he true in a nonumtorm 
electric field). 

21.71. <a) IDENTIFY: Use Coulomb's law to calculate each force aixl then aid them as vectors to obtain the net force. 

Torque is force tmxs moment arm. 

SET Ul»: The two forces on each charge in the dipole arc shown in Figure 21.71a. 


sin#-1.50/2.00 so0-4K.6 : 

Opposite charges attract and like charges repel. 
F,-F Xt +F it => 0 


Figure 21.71a 

_ r- .Iw l .(5.00*10* CXlO.OxlO" C) _ 

Execute: r.-Alili-x- .).i24xio'N 

r < 0.0200 m)* 

F if = -/; sin 0 = -842.6 N 

- -842.6 N so F\ = F Xt + F lf = - 16K0 N tin the direction from the *5.C0^C charge toward the -5.00-/rC 
charge). 

EVALUATE: The x -components cancel and the r-eonponents add. 

<b> SET Up: Refer to Figure 21.7lb. 


The r-eon^ioocnti have zero moment arm and 
therefore zero torque. 

F Xt and F it both produce clockwise torques. 


Figure 21.71b 

Execute: F xa = F c<*0 ^ 743.1 N 
r ^ 2( F lt M0.0150 m) = 22.3 X • m. clockwise 

Evaluate: The electric field produced by the -10.00/iC charge is not uniform so Fq. (21 15) does rxit apply 
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21.72. 


21.73. 


lDF.vnn: Apply 




lor each pair of charges anil find the vector sum of the forces that q. and u exert on a. 


Set UP: Like charges repel and unlike charges attrart. The three eturges and the forces on q i are shown in 
Figure 21.72. 






IXUOm 



f 


Figure 21.72 

EXECUTE: «., 10 . N . m . c : | (5.X I .K.-CK6.00. ,.)><•, _ . c 

>- (0.0500 mi¬ 
ff- 36.9°. -8.63x10-'N. F tl = 6.48x 10 1 N. 

/•.*M-(8.99xl0' M.^ 10 ' C * 6M S' V ' C >-.a0x l 0- C. 

»•/ (0.0300 m)‘ 

- 0 . F lw - -f, - -l.20x 10 ‘ N. F, - F„ r F lt - 8.63-10 ‘ N . 

F ~F„rF., -6.48-10’ N-.M20-10* \)--5.S2«l0 ’ N. 


(b> F - JF‘ ♦ F; -1.02 -10 ' \ lanj 


-0.640. 4-32.6°. below the +r axu 


EVALUATE: The individual forces on qi arc confuted from Coulomb's law and then added as vector*, using 
component* 

(a) IDENTIFY: Use Coulomb’s law to calculate the force exerted by each O on q and add these forces as vectors 
find the resultant force. Make the approximation x » a and compare the net face to F - -Lx to deduce k and 
then f-WhryJkTm. 

SET Up: The placement of the charges is shown in Figure 21.73a. 


Q>0 


Q> 0 


Execute: Find tb: net force on q 

F+ Ft 


f - 


Lrc, (Ut x| 


Figure 21.73b 

* .F t .J-s2- 


F' - F\- F._ 


«Q_ 


I I 


F -- 

4xca 


i t %-i 

Hi+il -fi-- 

a 


Figure 21.73a 

F = F t R and F. = +F. F = -F. 
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Since x « it we can use tlx b:ni>nual expansion for (I - xta) ' and (I + x'a) ' and keep only the first two terms: 
(1 ♦ zf » 1 -t nr. For <1 - xfa) \ z - -x'a and ;i - -2 so (I -x'aV : * I + 2xfa. For (I *f x«'<i>‘ J , r = +xfa and 


- -2 so (I r x«Vi) *1- Ir’o. Then F * 


IG 






x. For simple harmonic 


4 *V IV " > \ a /J V 

motion /•* - -£y and the frequency of oscillation is f - (\/2jr)JkTm. The net force here is of this form, with 


IQ 


k - qOfxtp 1 . Thus — 
lb) The farces and their components are shown in Figure 21.73c. 





21.74. 


21.75. 


The x-corapoocnfe of the forces exerted by the two charges cancel, th: r components add. and the net force is in 
the *r direction when >• > 0 and in the —y* direct km wheny < 0. The charge moves away from the ongin on the 
y*axis and never returns. 

EVALUATE: The directions of the forces and of the net force depend on where if is located relative to the other 
two charges. In f\irt fa), F - 0 at x = 0 and when the charge <f is displaced in the 4j> or x*dircctxm the net force is 
a restoring force, directed to return if to x - 0. The charge oscillates tuck and forth, similar to a mass on a spring. 
Identify: Apply JV - 0 and Y F t - 0 to one of the spheres 

SET UP: The free-body diagram is skeiched in Figure 21.74. F t is the repulsive Coulomb force between the 
spheres. For small 0. sin 0* tan#. 


EXECIITB: =rsm/?-/;-Oand I/* - fees#-mi? - 0. So 


mg sin 

cos# 


-F - 




But tan 0* sin 0 


77 


SI> d * - 


2kq'L 


1I>.1 


.... 


■M- 


EVALUATE: J increases when »/ increases. 



r 


Figure 21.74 

IDENTIFY: Use Coulomb's law fee th: force that one sphere exerts an the other and apply the 1st condition of 
equilibrium to one of the spheres. 

<a) SET Up: The placement of the spheres is sketched in F'igure 21.75a. 



Figure 21.75a 
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The free-body diagrams for each sphere arc given in Figure 21.75b. 


»|«ac imi lie left; 

V 


•plane as lltc iit*h 

V 




Figure 21.75b 

F i is th: repulsive Coulomb force exerted by one sphere on the other. 

|b| EXECUTE: From either force diagram in part (a): ^ f\ - ma t 

rent 25.0- - *1- - 0 ai*l T --- 

co*25.0 : 

Y. h '. “ 

r»in 25.0" - F, - 0 and /? = 7nn 25.0° 

l)« the lint equation to eliminate 7'in the weond: l\ - (mg>'ca*25.0 9 )(sin 25.0") ^ mg tan 25.0° 

1 M. 1 <7’. ■ 

* 4*^, r 4,e< «' 4.r<, 12(1.20 m)Hn2S.0T 

1 -J 

Combine this with F - mg tan 25.CT and get mg tan 25.0* - 


4,r«. (2(1.20 m)rin25.0'I ! 


^ -(2.40 m (tin 250" 
</ -(2.40 m)»m2S.O'' 


mg tan 25.0° 


<!'«**) 

1(150x10 “ kg)(9.80 nv'* 1 ) lan 25.0* 


10' N itr e- 


-2.K0-I0" C 


(cl The separation between the two spheres is given by 2/. sin//. q - 2.80/iC as found in part (bX 
F m ={1.4.r^)<y 3 /(2/.xin//)' and/; -mgtoaO. Thus (l/4*t)9V(2/.sin0)* =firgtan0. 

(2.80x10'* C)* 


(sintf) J tan// - —- 1 -(8.988x10* N nT/C* ) 


0.3328. 


4.TC, ALmg ' ' 4(0.600 m)'(l5.0x 10 1 kg|(9.S0 mV 

Solve this equation by trial and error. This will go quicker if we can make a good cstimitc of the value of 0 that 
solves the equation For 0 small. tan//* sin//. With this approximation the equation becomes «n‘//-0.332S 
and sin// - 0.6930. so 0 -A1.9 0 . Now refine this guess: 

0 sin l 0 tan// 

45.0* 0.5000 

40.0* 0.3467 

39.6* 0.3361 

39.5* 0.3335 

39.4* 0.3309 so 0 = 39.5* 

EvAlt’ATE: The expression in part <c) says //->0»/.->*3and//->90*as/.-*0. When /. is decreased from 
the value in part l a), 0 irxrciscs. 

21.76. IDENTIFY: Apply JV -Oand YF -0 to each sphere. 

SET l.*P: la I Free body diagrams arc given in Figure 21.76. T is the repulsive electric force that one sphere 
exerts on the other. 

EXECUTE: <b) r - mtf/cos20° - 0.0834 N . so F. - f sin 20* - 0.0285 N - . (Note: 

r t ^ 2(0.500 m)sin2CT =0.342 m.) 

<c> From part |bh qfl x = 3.71 x 10 11 C*. 
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21.77. 


21.78. 


(d| The charge* on th: spheres are made cquil by connecting them with a wire, but we still have 
F* - mg tan 0 - 0.0453 N - . where Q . But the separation r : is known: 


r 2 - 2(0.500 m)sin30° - 0.500 m lienee: Q - A>.' - l 12x 10 * C. This equation. along 

with that from part (c(. ghts us two equations in q { and q t : q t- q : - 2.24 * 10 * C and qq : - 3.71 x 10~ 41 C\ 

By elimination, substitution and after solving the resulting quadratic equation, we find: q, - 2.06 x 10 * C and 

g 2 -l.$0x|0 1 C. 

Evaluate: After the spheres arc connected by the wire, the ctnrge iwi sphere 1 decreases and the charge on 
sphere 2 increases. The product of the charges on the sphere increases and the thread makes a larger angle with the 
vertical. 




fsmz/ 


*1* 

Figure 21.76 

IDF.VHFY and SET UP: Use Avogadro's number to find the number of Na and Cl ions and the total positive 
ind negative charge. Use Coulomb's law to calculate the electric force and F = ma to calculate the acceleration. 

(a) KXECITC: Th: number of Na ions in 0.100 mol of NaCI is A' « nV A . The charge of ooc ion is ♦ so the 
total charge is q x - nS K c - (0.1X molM6.022 x I0 ?l mns molKl .602 x 10 ^Cionl ^ 9.647x 10' C 
There are the sanx number of Cl ions and each has charge -r. so q : - -9.647 x 10' C. 

F = -i-kiJ = (S.9S8X10' N m*C 5 )*'^ 64 <1(> ( : _ 2.09x I0‘* N 
4.TC, r* ( 0.0200 mf 

lb» a - F'oi. Need the maw of 0.100 mol of Cl xmt. For CL .1/ - 35.453 -10 kg mol. «i 

m- (0.100 mol)(35.453.10 1 kg mi>l) = 35.45* 10 * kg Then a- —- . 5.90*I0 ! ‘ nVs 1 . 

(cl EVALUATE: Is is not reasonable to have su:h a huge force. The ixt charges of ob^cis arc rarely larger than 1 /K.‘: 
i charge of 10 4 C rs immense. A small amount of material contains huge amounts of positive and negative charges. 
IDENTIFY: For the acceleration (and hence the force) on O to be upward, as indicated, the forces due to q\ and q: 
must have cquil strengths, so q l and q : must have equal magnitudes. Furthermore, for the force to be upward. q x 
must he positive and q 2 must be negative. 

SET UP: Since wc know the acceleration of O. Newton's second law gives us the magnitude of the force on it. 

We can then add the force corr$nx>cnls using F - F^ cos 0 + cas0 - 2/*^ c<>*0 . The electrical force on Q is 


eivcn by C oulomb s law, F 


(tor a i) and likewise for q:. 


* 4M+ r* 

EXECUTE: First find the net force: F - ma - (0.00500 kg){324 ms*) - 1 62 N. Now add the force 
components, calling 0 th: angle between the line connecting q\ and q ; and the line connecting q ■ and Q. 

* 6~N - i OS N. Now find the charges by 


F ,^:os^^cos^2^cofy and ^ ^ ( 2 ^ 5cm 

\ 3.01 cm 

solving for q . in Coulomb's law and use the fact that tf. and q> have equal magnitudes but opposite signs. 


F. = 


» (ft. 

Im 7 


9. - 


is... — _ =6.i7*nj* c 

1 /> (9.00x 10'N m'.'C*)(1.75x10*C) 


a* - -q --6.17x10 * C. 
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EVALUATE: Single reasoning allinvt us first lo conclude lhal and »/; must have cquil magnitude bul opposite 
signs, which makes tlx cquitions much easier to set up thin if we hid tried lo solve Ihc problem in the general 
case. As Q accelerates and hence moves upward, lb: magnitude of Ihc acceleration vector will change in a 
complicated way. 

21.79. IDENTIFY: l.’sc Coulomb's law to calrulatc the forces between pair* of charges and sum these forces » vector* to 
find the net charge. 

<a) Sir UP: The forces are sketched in figure 21.79a. 



figure 21.79a 


<b> Set UP: The forces are sketched in Figure 21.79b. 



Execiie: F = ——- h - 

•*-«. ( V2 Lf 4 3 «,|2i’) 


f \ ~ F i 


I «(*) -V 


4tc, L 4^/.* 

The vector sum of /*, aixl F. is + Fi . 


Figure 21.79b 


21.HO. 


F„=j2F t = 


3^2o : ; 

-—: /• . and h arc in the sanx direction. 


F - f* r F. 


—. ]. and is directed toward the center of trx square 


EVALUATE: By symmetry the net force is along the diagonal of the square. Tic net force is only slightly larger 
when the -3^ charge is at the center. Here it is closer to the charge at point 2 but the other two fccccs cancel. 
IDENTIFY: Use Eq.(21.7) for the cktf ric field produced by each poent charge. Apply the principle of 
superposition and add the fields as vectors to find the ixl field 
<a) SET Up: The fields due to each charge are shown in Figure 21 .80b. 



Figure 21 .K)j 






Electric Charge and Electric Field 2 1-33 


Execute: 


The components of tbc tie kb arc given in Figure 21. 






4TC. 

JJ> 

4t<. V 7 


Figure 21. 



21.H1. 


21.X2. 


21.K3. 


£, --£,sin 0 , £ j# - +£ : sin0 soE w *E, + E : 

= f.'. = *E,C^0 = -L| -ji-r 1 -r-± - E u = -E, 

4t<, .a rx J x •» o' 




:v 


4.r«,U'-*i 1 Jy x < +0 'Jj 4* t ,«' 

£ ■ '3^(' '(wlf] 

2 q ( 1 \ ' 

Thus E - t l 1 -I, in tbc - \ -direction. 

4^71 ; 1. o'/ x ‘) 


• i 


(b> .v »a implies a >xT « 1 and (l + a fx m ) / 2 r\ 

j±_ 

4*V 


rhu 1 r,^U.- ! i-^l j-J*L 

2.' 41V* 


Evaluate: E - \ fx 4 . For a point charge £ -I/** **>d For a dipole £ - |/x\ The total charge is zero so at 
large distances the electric farld should decrease faster with distance than for a point charge. By symmetry £ must 
lie altxig the .v«axi*. which is the result we found in part (a). 

iDEVnn: The small hags of protons behave like point-masses and point-charges since they arc extremely far apart. 
SET Up: For point-particles, we use Newton's formula fee universal gravitation {F - Gmim;'r’) and Coulomb's 
law. Tb: number of protons is the mass of prolcwis in the bag divided by the mass of a single proton. 

Execute: (a) <0.0010 kg) W■67x10’*' Ig^fiOxlO 11 protem* 

<b| Using Coulomb's law. where the separation is twice is the radius of the earth, we have 

- (9.00 x IO*Nm‘r)(60x 10 2 ’x 1.60x 10 ,f cf/{2 x 638 x lO'mT-S.l x lo'N 
£ rj , - (6.67 x 10 “ N. m J ifcg : |(0.0010 kgr'<2 x 6.3S x KTm) 2 -4.1 x 10 N 

(cl EVALUATE: The elcelrical force (-200.0IKI lb f ) is certainly large enough to fed. but lb: gravitational force 
clearly is not since it is about 10 *' times weaker. 

IDEVnn : We can treat the protons as point-charges and use Coulomb's bw. 

SET Up: la) Coulomb's law is F - (1V4.rc ( )q,|‘ r\ 

Execute: F-<9.00 - IO'n m'rHIW. 10 "'C|’i'<2.0 - lO' 1 ’m)-58N-13 lb. which is certainly large 
enough to foci. 

<bl EvAll ATEI: Something must be holding the nucleus together by opposing this enormous repulsion. This is 
the strong nuclear force. 

IDENTIFY: Estimate the number of protons in the textbook and from this find the net charge of the textbook. 
Apply Coulomb's law to find the force and use - ma to find th: acceleration. 

SET UP: With tbc mass of the book about 1.0 kg. motf of which is protons are! neutrons, we find that the number 
of protons is J<1.C kg>/(l.67* 10" kg) = 3.0-10" . 

EXECUTE: (a) The charge difference present if the electron’s charge was of tbc proton's is 

(3.0x10* NO.OOOOIKI .6x10” C| - 480 C . 

(b) F-klAgr/r : - k{ 4S0C)7(5.0 m)' -83*10" N . and Is repulsive. 


a - Ffm - (8.3x10" X)/<l kg) = 8.3* 10" m/s’. 

Execute: (cl Even tfo: slightest charge imbalance in rmttcr would lead to explosive repulsion! 
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2I.X4. 


21.IK. 


21 . 86 . 


21.87. 


EXECUTE 


IDENTIFY: The electric field exerts equal and opposite forces on the two balls. causing them to swing away from 
each other. When the balls hang stationary, they arc xn equilibrium so the forces on them (electrical, gravitational, 
and tension in the strings) must balance. 

SET l.'P: la) The force on the left ball is in the direction of the electric field, so it mutt he positive, while th: force 

on the right ball is opposite to the electric field, so it must he negative 

<b) Balancing horizontal and vertical forces gives qE - T sin 02 and mg - 7* cos O2. 

EXECUTE: Solving for the angle Ogives: 0- 2 arc XaniqE'mg). 

(c> As E -» x, 0 -* 2 arvtanfx) - 2 (x'2)-n- 180 : 

EVALUATE: If the field wen: large enough, the gravitational force would rail be important, so the strings would 
be horizontal. 

IDENTIFY and SET UP: Use the density of copper to calculate the number of moles and then the number of atoms. 
Calculate the nrt charge and then use Coulomb's law to calculate the fcvcc. 

ITE: (a) mnpYmp^ixr j = (8.9*IO* k»'m')|i* || 1.00-10 1 m)'=3.728*10 ' kg 

n-m/M =(3.728*10 ’ kg)/(63.S46xlO ‘ kg mol| = 5.867* 10 1 mol 
JV = ».V, = 35*I0’' alien 

< 1»> iV # =(29)(3.S*10 1, Ja 1.015 * 10" ctcclioni and pioKint 

q m - r.V - (0.99900 (qV, = (0.100*10 J |(!.602« 10 " C|(l.0l5*10")= 1.6 C 

/•,*a;= t iil£L,2.3-io"N 
r- ( 1.00 m) 

EVALUATE: The amount of positive and negative charge in even small objects is unnxnsc. If the charge of an 
clectn>n and a proton weren't exactly equal, objects would have large ixt charges. 

IDENTIFY: Apply constant acceleration equations to a drop to find the aceeleraticvi. Then use F - ma to find the 
force and F - to find |t/|. 

SET l.'P: Let D - 2.0 cm be the horizontal distance the drop travels and d - 0.30 mm be its vertical 
displacement. Let *.v be horizontal and xn the direction from the nozzk: toward the paper and let h'be vertical, in 
tlie direction of the defieetion of the drop. a t = 0 and a-a. 

Execute: first, the mass of the drop: m - pV = (10)0 kg/m' ,J 4 ' 11 * *° * 1 (l m) | _ j .4 j x 10 ' kg . Next, the 

time of flight: / - Dfv - (0.020 m)/<20 mV) - 0.00100 x . J - Lat : . a - ~ ~ m - - 600 m/s‘ . 

Then gives i-m./E*?'™* " ^"A 1.06* 10 »C. 

' 8.0) x 10 N/C 

EVALUATE: Since q is positive the vertical deflection is in the dirccticei of the electric field. 

IDENTIFY': Lq. <21.3) gives the force exerted by the electric field. This fcecc is constant since the electric field is 
uniform and gives the proton a constant acceleration. Apply the constant acceleration equations fee the .v- and 
rcon^onents of the moticci. just as for projectile motion. 

<a) SET UP: The electric field is upward so the electric force on the positively charged protect is upward and lias 
magnitude F - vE. Use coordinates where positive y is downward. Then applying V F' - md to the proton gives 
tliat - 0 and a, - —cE/m. In these coordinates the initial velocity has campocxnts v t — +v u cosff and 
v - •fr.sina, as shown in figure 2I.S7a. 



Figure 21.87a 
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21.834. 


Execute: Finding At v - the y-component of the velocity is zero, 

n = °* v o» “ V, riiur, 41, - -*•£.' w, y- y 4 - ft,.* -? 

»i-»{,+2i,(r-A) 


V“. v i 


2a 


-v! sin'* a mi v'sin * a 

f: - 

2(-WT/mi) 2cE 

|b) Use the vertical motion to find the time t y — y 0 - 0. - i, sina. a t - -eEfm % t - 

y-v. -V* Lay 

..... . 2 v 2 (v. sina) 2 »iv*sina 

With v-y, «0 this gives/ * --' B 9 


-rEtn 

Then use the .v-component motion to find d: a t - 0. v 4j = v 0 ©o*a, / - 2ml’, stint?/?£. x-x tl - d - ' 

( 2 mv„ sm a ' miV? 2 sin ft cos a mvf sin 2 a 


*-*, = v 0 ,i* T o r gives d»v,coso^ ^ # ^ 

(c> The trajectory of the proton is sketched in Figure 21.87b. 



Figure 21.87b 


(d) Use the expression in part <ak /i 


\ 14.00x 10*' ms)(sin30.0°)| (1.673x10 * kg) 


2(1.602x10 *• C)(500 N.C) 


-0.4 ni 


(1.673x10 37 kgUd.XxlO* m'%\ sin600° 

Use the expression in part tb): d --2.89 m 

(1.602x10 C)(500 N.C) 

EVALUATE: In part (a), a t - -vE m —4.8 x Itf" ms'. This is much larger in magnitude than £. the acceleration 
due to gravity, so it is reasonable to ignore gravity. 7l>: motion is just like projectile motion, except that the 
acceleration is upward rather than downward and has a much different magnitude, ft., and d increase when 
a or v, increase and decrease when E increases. 

IDENTIFY: E, - E lt + E : . t . Use Eq.(2l.7) for th: electric field due to each point charge. 

SET Up: /: rs directed away from positive charges and toward negative charges. 

Execute: (■) £ - -.50.0 N.C. £, - ■ 1 h i - (8.99x 10* N • m ! /c’| 1 _ ,99.9 NC. 

“ 4.T<, 10.60 «nr 

£. = £„ . f,. Ki £,, = £.-£;, - .50.0 NC - 99.9 N.C - -49.9 N.C . Since £.. it negative, q, muni be 

negative, u^. c . * .-MMO* C 

11 (l/4x«,) 8.99«10'N m C- 

(It) £ - -50.0 NC. £ (i = .99.9 NC . » in pul (a». £,.=£-£,. =-149.9 NC. q, i» negative. 

b.|- ML - < 14 ™ ^ . 2.40». 0 - C. q, »-2.40xI0'* C . 

P l <l/4-re,» 8.99x10* N mVC* 

EV ALUATE: q, would he positive if E. vv'ere positive. 
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21.89. IDENTIFY: Divide the charge distribution into infinitcsimil segments of length Jr . Calculate Z:\and £ t due to a 
segment and integrate to find the total field. 

SET UP: *n>c charge dO of a segment oflcngth Jr is dQ - {0>a\dx . The distance between a segment at ,r and 
the charge q is a + r-x . (I - v) ‘ * 1 t- v when |v|« 1 . 

Execute: ^ -J_*L. g a _Lj ^ L 

* 4«; ' 4?c j a(a+r-x) 4 X€ tl a\r a + r 


•7 + r - x. so E = 
(b> F = « 


4?t, a \ x-a x 

I qOl I i 


- . £ ^0. 


X.TC, 


x-a x 






Evaluate: <c) lor x »«i, F - -i±-f(l - o/x) -1>- 1 ♦ a/r ♦ • - - -1) 


kq() I qO 


{Note that for 


ax x 4xc, r' 

x » a , r = r-j *i.) The charge distnbution looks like a poant charge from far away, so the force takes the form 
of the force between a pair of point charges. 

21.90. IDENTIFY: Use £q. <21.7) to calculate the electric field due to a small slice of the line of charge and integrate as 
in Example 21.11. Use Eq. (21.3) to calculate F . 

SET UP: The electric field due to an infinitesimal segment of the line of charge rs sketched in Figure 21.90. 


rh I -V 



stnt/ - 


cost/ - 


r 

r -tv 

x 

rW 


Figure 21.90 

Slice the charge distribution up into smill pieces oflcngth Jv. The charge dO in each slice is dQ - Q\dy'a\ The 
clectrx field this produces at a distance .r along the x«axis is J/i*. C’aleulate the components of d£ and then integrate 
over the c baric distribution to find th: components of the total field. 

Execute: ^ 1 * 


111 -d/lcmO- 


4.Tt,l, x‘+y : I W V i- v- 


111 =-d£aaO-- 


<?•' { 4 

_j±_\ 

i.^{J777T) 


I ... t* dy Ox I I v r <-> _ 

' 4?fa^- (x 1 •»>-)*• 4 h«[t‘ Jj'. v- ], 43*,i jx ! 

Q r .“A Q 1 1 r Q f I 


.to—_ 
1 ■ 


(x-•■»•-)“ 4**a| Jv' “I 7777 


lb> F = 9l> £ 
F^-qF. , 




/ * * 




.or . _ 1, . ! 

Jx‘ , „■ ** »* ' xV 2p ) X 2* 


F tff 1 a ‘' 


4^£J J ' x 4.r«.aVx x 2.r* J Srcx* 
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EVALUATE: For x » a % F « F\ and F * If I-—— and F is xn the v-dircction. Far x » a the charge 

;.r< * 

distribution Q acts like a point charge. 

21.91. IDENTIFY: Apply I:q.<2l.9) from Example 21.11. 

SET L’P: a - 2.50 cm Replace Q by |£|. Since Q is negative. E is toward the line of charge and 

* * k?i 


4 *<. .Yv?t 


EXECUTE: F « - 


9.00x10 * C 


f -<-7850 NC)i. 


w* xjxT + a' 4.t«, (0.100 mty(0.100 ml' -f (0025 m f 
(hi The clectrx- field is lets than that at the sanx distance from a point charge <8100 N C). For large v. 


(. Y fa) , ^I(Ufl , /T J > l5 :il 1- — . E £ 1-- 

P TP — 4«7\ 2; 


The first correction term to the point 


charge result k negative. 

(e| For a 1% difference, we need the first term in the expansion beyond the point charge result to be less than 
0 .010: ^ * 0.010 => x * ^1/(2(0.010)) ^ 0025^1/0.020 -> x * 0.177 m . 

EVALUATE: At x - 10.0 cm l part bk tlx exact result for the line of charge is 3.1 % smaller than for a point 
charge. It k sensible, therefore, that the difference is 1.0% at a somewhat larger distance. 17.7 cm 

21.92. IDENTIFY: Tlic electrical force has magnitude F - -1^- and is attractive. Apply Y F - ma to the earth 


SET l.'P: For a circular orbit a - —. The peried T is The mass of the earth is m i - 5.97 x 10* kg, the 

r »’ 

ortat radius of the earth is 1.50x10' m and its orbital period is 3.146x I0 1 s . 

_ kQ v* x 4 

Execute: F - ma gives — - m, — v-—. so 

r' r T 

Q-EEZ- P""*' 

\ XT* \ (8.99x10 N mVC*X3.l46xlO %y 

Evaluate: A very large net charge would he required. 

21.93. Identify: ApplyI:q.<2l.l Ik 

SETUP: a-QtA-QxR*. Iln 1 ) 1 J »l-y*/2 . when v’«l. 


Execute: w £-JL[l-(K ; .'«*-l)' J. 

4.00 pC ,'3(0.025 m) ; I (0.025 m) 1 V 1 *’ 

' 2t, 1. 10.200 ml J 


D.89 NC . in the -i direction 


(cl The clectrx field of (a) is less than thit of the point charge (0.90 N*C| since the first correction term to the point 
charge result rs negative. 

(0.90-0.89) 

<d) For x a 0200 m . the percent difference is -—--- 0.01 - 1% . For x - 0.100 m , 

E^ - 3.43 N/C and E mml - 3.60 N/C. so the percent ditTerence is -—- 0.017 * 5%. 

EVALUATE: The field of a disk becomes closer to the field of a pnint charge as the distance from the disk 
increases. At x - 10.0 cm . Rfx - 25% aixl the percent difference between the field of the disk and the field of a 
pixnt charge is 5%. 

21.94. IDENTIFY: Apply the procedure spccifxd xn the problem. 

SETUP: J /{xU,. 
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Execute: <b>Foc /(.<)-/(-<). f’f(x)Jx=j‘/(xtdr^j‘/(»)dx = j‘f(-x)tH-x)r |J/(iW.Kov* 
replace -xwilh r. Ilui gives j'f(x)dt - J’/O 1 )*-* J t "/<»)rfr = 2 . 

(b) For ?<«| = -g(-«). g(i)rfr + J'g(*Mr = -| 6 ‘-g(-iX-rf(-x» + J'g(»)i&. Now replace 

-»wkh v. This uivc%J' = r J‘s(«Wv-0. 

<c> The integrand m E for Example 21.11 is odd. so E % *0. 

EVALUATE: In FxampV: 21.11. - 0 because for each infinitesimal segment in the upper half of tlx lirx of charge, 

there is a corresponding infimtesimil segment in the bottom half of the line that lias E, in the opposite direction. 

21.95. IDENTIFY: Find the resultant electric field due to the two point charges. Then use F - qE to calculate the force 
on the point charge. 

SET UP: Use the results of Problems 21.90 and 21.89. 

EXECUTE: (a) The r-compcments of the electric field cancel, and the x component from both charccs. as given in 

jgfl- . 1 . ., I. Therefore. F ■ , '...V . If 

** iv (v- ♦ J •».«, a Iv •>*«•>/ 


Problem 21.90. is F, 


i.rt. 


y» 




(hi If tbc point charge is now on the x-a.xi* tlx two halves of the charge distribution provide dificrent forces, 

1 Qq 

though still along the .Y*axix. as given in Problem 21.89: F, = qE, = 

i a. 


and r = y F =- 

^ I & 


4t#, tr 


i 

v-t a 


Therefore, / = t+t 


4.TC, a 

1 Qq 




. For x » 


x x‘ 


4.t«, j U“<i x x + a / 
1 20m r 


4r;ar\V * ) \ x x' ;; 4x+ x 

EV ALUATE: If the charge distributed along the x«axis were all positive or all negative, the force would be 
proportional to I / »•’ in put (at and to 1/.y* in port lb), when v or x is very large. 


21.96. IDENHFY: Divide the semicircle into infinitesimal segments. Find the elcctnc field dE due to each segment and 
integrate over the semicircle to find tlx total elcctnc field. 

SET Up: Tlve electric fields along the x -direction from the left and right halves of the semicircle cancel. The 
remaining ^component points in the negative v-dircclion. The charge per unit Icncth of the semicircle is 


.ra a a 

EXECUTE: dE -dEsiaO - -—— Therefore 


the -v-direction . 


.£ -^-r 

• u >« 


ssi 


2 A* a 


O 2U 2 kO 


i-co*o i; — 




. in 


EVALUATE: For a full circle of charge the elcctnc field at the center would he zero. For a quarter 'Circle of 
charge, in the first quadrant, the electric field at the center of curvature would have nonzero x and r components. 

The calculation for the semicircle is particularly simple, because all the charge is the same distance from point P. 

21.97. iDEVniY: Divide the charge distribution into small segments, use the point charge formula for the electric field 

due to each small segment and integrate over the charge distribution to find the x and v components of the total field 
Set Up: Consider the small seement show n in Figure 21.97a. 



EXECUH: A small segment that 
subtends angle dO has length a dO and 


contains charge dO - 


n 




(t*Tiz is tlx total length of the charge 
iislribution.l 


Figure 21.97a 
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21.98. 


21.99. 


The charge is negative* so the field at the origin is directed toward the small segment. The small segment is located at 
angle 0 as shown in the sketch. The clectrx field due to dO k shown in Figure 21.97b. along with its compnnrnts. 



Q f"* A#* Q 


axi KH1U - 


f = I dE - - ~ — ■■ I %#- 

* J 4 2.t \a m 

JE . - dE sin 0 -1 Q: 2t\# : |sin OdO 


H*\>- 


g 




i j- 


n 


g 

2*V' 


g 


' ' 2T-4.0- 

Evaluate: Note that E, - E r . as expected from symmetry. 

IDENTIFY: Apply -0 and Y/\ - Oto the sphere, with x hori/untal and r vertical 

SET Up: The free-body diagram for the sphere is liven in Figure 21.9S. The electric field E of the sheet is 


directed away from the sheet and has magnitude E ■-lliq.21.12). 




Execute: Y/* - 0 gives Tca%a - mg and T -— Y f\ - 0 gives T sinr/-and T - 

cos« ‘ 2 c. 2 c, sinrr 


Combining these two equal ions we have 


"u; 


jr ivt 

-- and tanr/--- Therefore, a - aretan 


cos<7 2 c, sin 2 </Jig > \ 2 «,/wjf 

EVALUATE: The electric field of the sheet, and hence the force it exerts on the sphere, is independent of the 
distance of the sphere from the sheet. 



Figure 21.98 

IDENTIFY: Each wire pcodiKCS an elcctnc field at /’due to a finite wire. These fields add by vector addition. 

SET l.'P: Each field his magnitud: —!- 1 ■ V . Th: field due to the negative wire points to the left, while 

the field due to the positive wire points downward, making the two fields perpendicular to each other and of equal 

magnitude. The net field is the vector sum of these two. which is £’ fci - 2A~, cos 45 : - 2—■-*-1—cot45°- If 

4tc, X \t.x 3 -f a' 

part <b). the electrical force on an electron at P is cE. 

1 Q 

Execute: (a) The net tick! is E iMt - 2 --r>cos45°. 

4.r«, x*Jxr + a' 

2l 9.00 x 10 V N • m\C‘ M 2.50 x 10 )cos 45° 

E„ • —- - 6.25 x 10 4 N.'C. 

(0.600 m)^(0.600 m)*' + (0.600 m) 1 

The direction is 225° counterclockwise from an axis pointing to the right through the positive w’irc. 
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<b> F -<•£"-( 1.60 x 10 “ C K625 x 10* NC) - 1.00 x 10 * N. opposite to the direction of the electric Ikld. since 
the clectrvm has negative charge. 

EVALUATE: Since the ckctric fields due to the two wires hive equal magnitudes and are perpendicular to each 
other, we only haw to calculate one of them in the solution. 

21 .100. IDENTIFY: Each sheet produce* an electric field that is independent of the distance from the sheet. Th: net field 
i* the vector sum of the two fields. 

SET l.'P: The formula for each field i* E - <r'2^. and th: net field is the vector sum of these* 


E _ - 1 ^ . w here we use the or sign depending on whether the fields are m the san>: or 

opposite direction* and <r B and a t are the magnitudes of the surface charges. 

EXECUTE: (a) The two fields oppose and the field of B is stronger than that of A, so 

2 < f 2 c. 2 c, 


Em -- - 


1.6 oCm' - 9.SOuC/rn 1 , , „ . .., 

—:-:-- 1.19 - 10 N.'C. to the ngbt. 

2(8.85x10 'C/N-m I 


<b> The fields are now in the same direction, so their magnitude* add 

Em • (116 pCfaf ♦ 9.50 |tC/taft 2 y2<% - 1.19 x 10* N.C. to the right 
(cl The fields add but now point to the left, so E rm - 1.19 x 10* N7C. lo the left. 

EVALUATE: We can Simplify the calculaticei* by sketching the fields and doing on algebra*: solution first. 

21 .101. IDENTIFY: Each sheet produces an electric Ikld that is independent of the distance from the sheet. Th: net field 
is the vector sum of the two fields. 

SET l.P: The formula for each field is E -<r! 2 c,, and the net field is the vector sum of these. 


E Z^±Z±-Zi^h 
“ 2<, X 2*. 


. where we use the • or - sign depending on whether the fields are m the sam: or 


opposite directions and a* and a 4 arc the magnitudes of the surface charges. 

Execute: (a) The fields xld and point to the left, giving /f,« - 1.19 x ft/ N7C. 

<b) The fields oppase and point to the kft. so £m - 1.19 x 10* NC. 

<c> The fields oppose hut now point to the nght. giving 1.19 x \& N/C. 

EVALUATE: Wc can Simplify the calculoticvis by sketching the fields and doing an algebra*: sohitxm first. 

21 .102. IDENTIFY: The sheets pnxlixc on electric tkld in the region between them which is the vector sum of the fields 
from the two sheets. 

SET l.'P: The force on the negative oil droplet must be upward to balance gravity. Th: net clcctnc field between 
the sheets is E - {ric^ % and the clcctrxal force on the droplet must balance gravity, so qE - mg. 

Execute: (a) The electrical force on the drop must be ifiward, so the field should poent downward since the 
drip is negative. 

<b> The charge of the drop is 5*\ so qE - mg. - mg and 


17 - 


,,u ;< 


(324x10'* kg)(9.80 mv)(8.85xl0 11 C ! /N in') 
5| 1.60-10 "Cl 


35.1 Cm' 


EVALUATE: Balancing oil droplets between plates was the basis of the Milliken Oil-Drop Experiment which 
produced the first measurement of the mass of on electron. 

21.103. Identify and SET Up: Example 21.12 gives the clcctnc field due to one infinite sheet. Add the two fields as 
vectors. 

EXECUTE: The electric field due to the first sheet, which is in the ay-plane, is E = (at 2 <; |L for z> 0 and 


2t, \k forr <0. We can write this as £, -(<7<24*|{r.'|r|)*. sirce r'|r|--+l forr >0 and r/|r|--r z I 
for z <0. Similarly, we can wnte the electric field doe to the second sheet as E. - -(7r.'2s; l )(.T«j.v|)i. since its 
charge density is -<r. The net field is E - E { + ={<7.'2<u)(- 


EVALUATE: The electric field is independent of the \ - component of the field point since displacement in the 
±y- direction is pirallel to both planes. Th: field &pcnds on which side of each plane the field is legated. 

21.104. IDENTIFY: Apply Eq.(21.11) for the electric field of a disk The hole can he described by adding a disk of charge 
density -<r and radius R , to a solid disk of charge density* and radius R : . 
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Set UR The area of the annulus is .r(£; - ft J |<t The electric field of a disk. Eq.(2l. 11) is 

£=■£[•-1/4*/*?+•]■ 

Execute: (a) Q - .■(<? - .riff; - /f,V 

(b> I - > v k Kfit ■+1J—[' * >])^ £(,) -3t( i '^ R|,,r rl "'V**- 0 ' • 

The electric field is in the »x direction at points above the disk and in the -a direction at points below the disk, and 


the factor i_L* specifies these directions. 

.y 

[e>Nine that 1 iJFJWTi -M<l (j/R )’)'•'»ll. Thif give* C(.v) = — ±-±\ 

K , K , 2 ‘.! 4 R : I 

Sufficiently ck>se means that (a/ft V « 1. 

(cl > F - qE - - — — - — •. The force is in the form of Hooke's law: ft - -kt . with k - — —. 

2 c, .ft ft/ 2 c, I ft ft 


rt-if — - — illllr ■ —f-1-i-W. 


,.± ii__L Li^_ l-_i 

2 .r \m 2 t y 2c,it\ ft ft 

EVALUATE: The frequency is mdcfvndent of the initial position of the particle, so long as this position is 
sufficiently close to the center of the annulus for ( j.' ft )* to be small. 

21.105. IDENTIFY: Apply Coulomb’s law to calculate th: forces that q t and q : exert on q ^. and add these ft>rce vectors 
to get the net force. 

Set Up: Like eharges repel and unlike charges attract. Let *x be to the nght and ♦>* be toward the top of the page 
Execute: (a) The four possible force diagrams are sketehed in Figure 21.105a. 

Only the last picture can result in a net force in the -x» direction. 

<b> q x - -2.00 pC. q> - *4.00 pC. and*/* > 0. 

(cl The forces ft and ft and their components are sketched in Figure 21.105b. 

/- ,0,-J _l g 'll' f l .» n q,J _M^l Nin<*.. This give* 

4tc, (0.0400 ml* 4*<; <0.0500 m>* 

9, |SU^_ ± | |jys_27| , OS43 
• 16 P ' l «n('. 16 1 '4/5 64™ 

(d» F .and F -O.so /•’- Ly,|_!_'-kJ-1-,-kJ- 1 | = 56.2N. 

1 '4«,l (0.0400 m)- 5 (0.0300 m) 1 5 ) 

EVALUATE: The net force F on q, rs in the same direction as the resultant electnc field at the location of q t due 
to q and a .. 


<’ A S 

a. >0.<fc>0 Vj 4i <0.dj < 0 


<«> 


vi <n.4j>a 

Kivu re 21.105 







21.106. IDENTIFY: Calculate th: electric field at F due to each charge and add these field vectors to get the net field. 
SET UP: The electric field of a point charge is directed away from a positive charge and toward a negative 
charge. Let ♦xbe to the nght aixl let * vte toward th: tcep of the page. 

EXECUTE: <a> The four possible diagrams are sketched in Figure 21.106a. 

The first diagram is the cxily cxic in which the electric field must point in the negative v-dirccl ion. 

<b> q x - -3.00 fjC, and q. < 0 . 
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Gauss’s Law 


(a) IDENTIFY and Set IIP: <t>< - j £coscu’l. wbcrc ^ 1* the angle between the normal to tlx sheet n and tlic 
electro field E. 

EXECUTE: In this problem E and costf arc constant over the surface so 
<$, - EcotfjdA - KccafiA — (14 NCMcoa60 , )(0.350 m')-1.8 N mVC. 

(b) EVALUATE: <l> # It independent of the shape of the sheet at long as ^ aixl /: are constant at all points oa the sheet, 
(cl EXECUTE: (1) <I> A = EcotfA. <t> # . is largest for $< = 0°, so cos^ = 1 and d» A = EA. 

(n) <J>, is tmallctt for *=W\ so :iw£ = 0 and d\ = 0 . 

EVALUATE: *t>. is 0 when the surface it parallel to the field to no electric field lines pats through the surface. 
IDENTIFY: He field is uniform and the surface is fiat, so use *t > / = EAcaxf . 

SET UP: $ is the angle between th: normal to the surface and the dircetion of E , so + = 70*. 

Execute: <t> £ = <75.0N/C)(0.400 mX0.600 m)co*70° = 6.l6 N• m*.'C 

EVAU ATE: If the field were perpendicular to the surface the flux wxnild be <!> # - EA - 18.0 N m*iC. Th: tlux in 
this problem it much lets thin this because only the compoocnt of E perpendicular to the surface contributes to th: 
flux. 

IDENTIFY: Hie electric flux through an area is defined at the product of the component of the electric field 
perpendicular to the area times the area. 


(a) SET IIP: In this cate, th: clcctnc field it perpendicular to the surface of the sphere. 

EXECUTE: Substituting in the number* gives 

<1» A = (l .25 x 10* NC )4.r(0.150m)* - 3.53 x 10* N m J C 

(b> IDENTIFY: Wc use th: clcctnc field due to a point charge 

SETUP: £ =--1 

4,TC, r' 

EXECUTE: Solving for o and substituting the numbers gives 


, -£l-f(4tr*). 


i.T*,r’E - 


9.CH>«] 


r(0.l50m)'(l.25»l0*MC)=3.l3*10*C 


EVALUATE: The flux would he the tame no matter how large the circle, sin:c the area is propncticvial t or while 
the electro field it proportions! to 1 /r. 

IDENTIFY: Use l:q.<22.3) to calculate th: flux for each surface. Use Eq.(22£) to calculate the total enclosed charge. 
SET Up: E = (-5.00 NC m)xi ♦ (3.00 NC ml :k The area of each fare is L ’. where L - 0.300 m . 


Execute: 


" =-y 


n A-GO. 


n f *+k - E n , A = (3.00 S/C mtfO.300 m)*r = (0.27 (X/C) m)r . 

=<0.27 (NC»m *0.300 m) = 0.08l (NC) m : . 

pi, = £iijA = 0. 

p» % • -i z>(t> 4 = E n t A - -{0.27 <NC)*m|r*0 (since r - 0). 

w it ir x A - (-5.00 MG mK0.300 mfx = -<0.45 (NC) m)x. 

= -(0.45 (NC) m *0.300 m) = -<0.135 (NC) m 3 ). 

V, a -r =» = £ it A - -t(0.45 (N’C)* m)x = 0 (since v - 0). 


>>.l 





22-2 diaper 22 _ 

<b>ToUl flux: <!> - <t >. + <t>, ^ (0.081-0.135X&C) m i - -0.054 N m*/C. Therein. 9 = 4.41 _ -478x 10 ° C. 

EVALUATE: Flux is positive when E is directed out of the volume and negative when it is directed into tlx 
volume. 

22.5. IDENTIFY: The flux through the curv ed upper halt* of the hemisphere is the .same as the flux through tlx flat circle 
defined by the bottom of the hemisphere because every cfcxlric Held line that paste* through the flat circle also must 
pass through tlx curved surface of the hemisphere. 

SET Up: The electric field is perpendicular to the flat circle, so tlx flux is simply the product of £ and the area of 
the flat circle of radius r. 

Execute: 4»* - EA - £< xr* > - xr* E 

EVALUATE: The flux would be the same if the hemisplxre were replaced by any other surface bounded by the flat 
circle. 

22.6. IDENTIFY: Use Eq.<22.3) to calculate the flux for each surface 
SET UP: <1 >- E A-EA co*d where A • .!« 

EXECUTE: (a) h, = -j'llcfl). 4>, --(4xl0‘ NC>0.10m)’ccu(90“-369 o >--24N m^C. 

li, = -*(top) <!>, —<4x 10* NC)(0.10m)'cos90° = 0. 

li, ■*y(rigbl». <*, -.(4xl0‘ N.C*0.I0 m)\o%(9CT - J6.9‘>-’24 N m'/C. 

h - -((bottom) . <1*. = (4xl0‘ X.'C)|0.10 m) 1 ecu 90' - 0. 

li, ■ r/(front). i»<4»lC N.'C’MO. 10m) J cot36.9"-J2 N-m'.C. 

ii v ■ -f(back). <^--<4x10' NC»0.I0ml'coi36.9° - -32 N rn’iC. 

EVALUATE: <bl The total flux through the cube must be zero; any flux entering the cute must also leave it. since 
tlx field is uniform Our calculation gives the result; the sum of the fluxes calculated in part (a) is zero. 

22.7. <a) IDENTIFY: Use I;q.(225) to calculate the flux through the surface of the cylinder. 

SET UP: The line of charge and tlx cylinder arc sketched in Figure 22.7. 



Figure 22.7 


Execute: The area of tlx curved part of the cylinder is A - Ixri. 

Tlx electric field is parallel to the end caps of the cylinder, so E • A - 0 for the ends and the flux through the 
cylinder end caps is zero. 

The electric field is normal to the curved surface of the cylinder and has the sanx nxigmtodc /: - x \2z£ { f at all 
poants on this surface. Thus ^ - 0 : and 

2f (6.00* 10 * Cm)(O400 ink 

<t». = £Am4 = £4 = M/2mr>l2*W)--^ - ; 171x10 N nr/C 

4 *, 8.SS4 * 10 C 7n m" 

<b> In the calculation in part (a) the radius r of the cylinder divi&d out. so the flux remains tlx same. 

«J>, =2.71x10' N• m‘ 1C. 


ij (6.00x10 * Cfai|(0.800m) , 

(cl <J'. - -- ss:4 1 , '. ( - N -T— - 5.42x10 N • m' 1C (twice the flux cakulaicd in pain (b) ami (cl). 

EVALUATE: The flux depends »xi the number of field liixs that pass through the surface of the cylinder. 

22.8. IDENTIFY: Apply Gauss's law* to each surface. 

SET Up: 0 -%i is tlx algebraic sum of the charges enclosed by each surface. Flux out of the volume is positive and 
flux into the enclosed volume is negative. 

Execute: (■) <t>, = - (4,oo- io v cy«, -452N-mVc. 

<bl <l», - q-\. - (-7.80x10"* C3^--SR1N m J /C. 

(cl <b„ = fo KfcV*.-114.00 - 7.801x10 ’ CK = -429 N-m*C. 

<dl <t>, ( = lq, . = 114.00 - 2.40|x 10 * Cf*, = 723 N mVc. 

(el -tq, *q ! rq l )\ -((4.00 - 7.80 •* 240|xl0" C>'c, =-158 N -m'C. 
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22.9. 


22 . 10 . 


22 . 11 . 


22 . 12 . 


22.13. 


EVALUATE: <f) All that matters for Gauss’s law is the total amount of charge enclosed by the surface. not its 
distribution within the surface. 

IDENTIFY: Apply the results in Example 21.10 for the field of a spherical shell of charge 

SET IP: Example 22.10 shows that E - 0 inside a uniform spherical shell and that £ - k k! outside the shell 

Execute: (a) £-0 

(b) r - 0.060 m incl £= <8.99x10' N-m i C l ) 15 °‘ 1 .. * - 3.75xlQ 1 N'C 

(0.060 mr 

(c> r - 0.110 m and £-<8.99<10’ N m’.'C'). 150 ' ( -1.11x10* NC 

( 0.110 mV 

EVALUATE: Outside the shell the electric field is the same as if all the charge were concentrated at the center of 
the shell. But inside the shell the field is mx the same as fix a pixnt charge at the center of tb: shell, insxlc the shell 
the elcclrx field is zero. 

IDENTIFY: Apply Gauss's law to the spherical surfarc. 

SET LP: O m ^ is tb: algebraic sum of the charges enclosed by the spb^e. 

EXECUTE: <a) No charge enclosed so <1> - 0. 

^-' 6(I " ,|> ~ C - 'fC. 

c, 8.85 * 10 C /N ■ m ’ 

m’/C. 

8.85x10 ,J C7N-m 2 ' 

EVALU ATE: Negative flux corrcspixids to flux directed into the enclosed volume. The rvl flux depends only on the 
net charge enclosed by the surface and is not affected by any charges outside tb: enclosed volun*:. 

IDENTIFY: Apply Gauss's law. 

SET IP: In each ease consider a small Gaussian surface in the region of interest. 

EXECUTE: (a) Sinre E is uniform, the flux through a closed surface must be zero. That is: 

dA - i£- - -L f pdV - 0 J pdV - 0. But because we can choose any volume we want, p must be zero if 
the integral equals zero. 

(bl If tbrrc is no charge in a region of space, that does NOT mean that the electric field is uniform. Consider a 
closed volume close to. hut not including* a point charge. The field diverges there, hut there is na chirgc in that 
region. 

EVALUATE: The clorlric field within a region can &pend on charges located outsid: tb: region But tbc flux 
through a closed surface depends only on the ixl charge contained within that surface. 
iDEVnn: Apply Gauss's law. 

SET IP: Use a small Gaussian surface located in tb: region of qucsticei. 

EXECUTE: (a) If p > 0 and uniform, then q inside any closed surface is greater than zero. This implies <I> > 0. so 
f'E dA > 0 and so the electnc Held canmx be uniform. That is. since an arbitrary airfare of our choice encloses a 
non-zero amount of charge. £ must depend on poution. 

(bl However, msid: a small bubble of zero charge drn«ty within tbc imtcrial with density p . the field can be 
uniform. All that is imponant is that tbrrc he zero flux through the surface of the bubble (since it encloses no 
charge). (Sec Problem 22.61.) 

EVALU ATE: In a region of uniform field, tb: flux through any closed surface is zero. 

(a) IDENTIFY and SET Up: It is rather difficult to calculate the flux dircctlv from <t> - fii <l\ since the magnitude 


of £ and its angle with dA varies over tbc surface of the cube. A much easier approach is to use Gauss's law t 
calculate the total flux through the cube. I-ct the cube be the Gaussian surface. The charge enclosed is the point 
charge. 

„ , 9.60x10* C 


S.854* 10 '* C\ N m 


.^1 CK4x|0" N m' fC. 


Execute: 


By symmetry tb: flux is the same through each of the six faces, so the flux through one lace is 
l(l.CK4 k (O' - N mVc) = l 81«l0' N m’/C. 

(b) EVALUATE: In port la) the saze of the cube did not enter into the calmlations. Tbc flux through one face 
dcpcrcls only on tbc amount of charge at the center of tbc cub:. So the answer to l a) would not change if the size of 
the cube were changed 
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22.14. 


22.15. 


22.16. 


22.17. 


22.18. 


IDENTIFY: Apply the results of example* 22.9 arc! 22.10. 

[A 

SET UP: E - k 1-4 outside the sphere A proton ha* charge ♦ <•. 

Execute: (a) E =*ilU (8.99x10* N• w ; .'C) ' ' -2.4-IQ- 1 ' NC 
7 17.4x10 m) 


(blFor r-1.0x10 " m. E ^.<2.4xl0 J ' NO 


7.4x10 “ m ',’ 
1 . 0 x 10 ” m 


7-10 ' NC 


(cl E = 0 . inside a spherical shell. 

EVALUATE: The electric field in an atom is very large. 
IDENTIFY: The electric fields an: produced bv point charges. 


SET IP: We use Coulomb’s law. E - 


>T<, r 


oikulatc the electric fields. 


Execute: (a) E- (9.00xlo‘N nrO) ■ " ’ ! ' —L = 4S0 xI 0'NC 
' ' (l.OOm)' 

(b) E - (9.00- 10' N m : 'C ) " W ' 10 ( - 9.1 Kx I0 ! NC 
' (7.1X1 m)‘ 

(cl Every field line that enters the sphere ixv one side leaves it on the other side, so the net flux through the surface is 


EVALUATE: The flux would be zero no matter what shape the surface had. providing that noeharge was inside the 
surface. 

IDENTIFY: Apply the results of Example 22.5. 

SET UP: At a point 0.100 m outside the surface, r m 0.550 m . 

Execute: w Ca -L^±!f^.7,44N/c. 

4m, r 4.t<, (0.550 my 

(bl E - 0 inside of a conductor or else free charges would move under the influence of forces, violating our 
electrostatic assumptions <i.c.. that charges aren't moving!. 

EVALUATE: Outside the Sphere its electric field is the same as would he produced by a point charge at its center, 
with the same charge. 

IDENTIFY: The electric field required to produce a spark 6 xn. long is 6 times as strong as the field needed to 
produce a spark 1 in. Icmg. 

1 


4.TC. V 


SET IP: By Gauss s law. q - t^EA and the electnc held is the sanx as for a point-charge. /; - 

Execute: (a) The electric field for 6 inch .park* t* £ - 6x 2.00x 10* N C «1.20x10* NC 
The charge to produce this field is 

q ^ €^EA ^ t it FMzr : ) - (S.85 x 10 ,J C*/N m 1 )(l .20 x | O' N.C)f4.T <0.15m) 2 - 3.00x10 C. 

(bl Using Coulomb's law gives E - (9.00x 10* N m*C : )■ ^ 11 —L - 1.20x 10* S/C . 

(0.150 ml* 

Evaluate: It takes only about 0.3 fC to produce a ft:Id this strong. 

IDEVIIFY: According to Exercise 21.32* the Earth's elcctrx field points towards its center. Since Mars’s electric 
field is similar to that of Earth. we assume it poants tow ard the center of Mars. Therefore the charge on Mars must 
be negative. We use Gauss's law to relate the electric flux to the charge causing it. 

Set UP: Gauss's law is <1> # . - j!_ and the electric flux is <1> A - EA . 

5i 

EXECUTE: (a) Solving Gauss's law* for q, putting in the numbers, and recalling that q is negative, gives 
q -- -*,<J = -<3.63 X10“ N m'CMS.RS -.10 11 C'.N • m‘ > - -3.21 - 10' C . 

(bl Use the definition of electnc flux to find the electric field. The area to use is the surface area of Mar*. 

E-*L > 65 -0'* m - C - 2 5Ox l0 ,N t 
A 4.t<3.40x 10 m>* 


(cl The surface charge density on Mars is therefore a 

Evaluate: I 
charuc density. 


-3.21x10 C 


-2.21x10 C m 


4^(3.40x11* m) 1 

Evalu ate: Even tfciugh the charge on Mars is very large, it is spread over a large area, giving a small surface 
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11. 19. IDENTIFY and SET UP; Example 215 derived that the cketric field just outside the surface of a spherical 

H 


conductor that ha* net charue q is /; - 


KmiTh: 


4.t«, K 

R'E (0.160 m)“(l 150 N.C) 
In,) ” N.98S-10' N m'iC' 


C akuutc q and from this the number ot excess electrons. 

3.275* IQ ' C. 


Each electron has a charge of magnitude c - 1.602* 10 '* C. so the number of excess electrons needed is 

?27S ~ IQ ~ C -2.04,Hr. 

1.602*10 ,v C 

EVALUATE: The result we obtained for q is a typical value for the charge of an object. Such net charges 
correspond to a large number of excess electrons since th: charge of each clectrwi is very small. 

22.20. IDENTIFY: Apply Gauss's law. 

SET IJP: Draw a cylindrical Gaussian surface with the line of charge as its axis. The cylinder has radius 0.400 m 
and is 0.0200 m long. The electric field is then $40 N.C at every pwnt on the cylindrical surface and is directed 
perpendicular to the surface. 

Execute: §EdA -- f.ClviL)- |K40 Nt H2xX0.400 m 1(0.0200 ml - 42.2 N nr'/C. 

The field Is |urjllel to the end caps of the cylinder. so for them j£ dA - 0. from Gauss's law. 
q = - (S.854 ■ 10 " C.'N m‘ 1(42.2 N • m'/C) = 3.74 »10 “ C. 

EVALUATE: Wc could have applied the result in Example 22.6 and solved for A . Then q - AL. 

22.21. IDENTIFY: Add the vector electric fields due to each line of charge. £(#) for a line of charge is given by 
Lxample 22.6 and is directed toward a negative line of chage and away from a positive line. 

SET L’P: The two lines of charge are shown in Figure 22.21. 


V 



’}r..»i™ A; " F | a. 

ll3»IB | 

14> 

2.TC. r 


4<wpr/« 


Figure 22.21 


EXECUTE: (a) At point a E t and £, are in the -ty-dircction l toward negative charge, away from positive 
charge). 

E, -{I.'2.t«;,)[(4.S0x 10 * Cm) '(0200 m)J = 4.314-10 1 NIC 
£ j =(1/2t<,)[( 2.40*10 * C''m)'(0.200 m)j- 2.157-10' NC 
C-£,r E, - 6.47 »10' NC. in Ihc > -direction. 

Oil At point 6. £, rs in the -i-direction and E, is in the -direction. 

E, =(T.'2« 1 )[(4S0-10' Cm)i'(0.600 m)J- 1 .438k 10 * N.C 
£■, =(l« , 2ii«;,)[(2.40-10 * 0m)/(0.200 m)J-2.157-10 1 NC 
£ = £,-£,= 7.2-10' NC. in the -y -direction 

EVALUATION: At point a the two fields are xn the sam: direction and the magnitudes add. At point /> the two fields 
are in opposite directions and the magnitudes subtract. 

22.22. IDENTIFY: Apply the results of Examples 22.5. 22.6 and 22.7. 

SET Up: Gauss's law can be used to show* that the field outsxle a king conducting cylinder is the sime as for a line 
of charge along the axis of the cylinder. 

Execute: (a) For points outside a uniform spherical charge distnbutioiv all the charge can h: considered to be 
concentrated at the center of the sphere. The field outside the sphere is thus inversely proportional to the square of 
the distance from the center. In this case. 


E^ 


N/C) 


0.200 cm 


0.600 cm 


55 N/C 
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(b| For points outside a long cylindrical lv symmetrical chsrcc distribution, the field is identical to that of a long line 


of charge: £ - —i— that is. inversely proportional to the distance from the axis of the cylinder. In this case 
2.t V - 

E - (480 N'CJI - ' cm I- 160 SVC 


.600 cm 

<c> The field of an infinite slxet of charge is £ - er.' 2<,: i.c.. it is m&pcndcnt of the distance from the sheet. Thus xn 
this ease £ = 480 NC. 

EVALUATE: Fee each of these three distributions of cliarge the electnc farkl his a different depen drocc on distance. 
22.23. IDENTIFY: The electric field inside the conducted is zero, and all of its initial charge lies on its outer surface. The 
introduction of charge into the cavity induces charge ceito the surf&re of the cavity, which induces an equal but 
opposite charge on the outer surface of the conductor. The net charge on th: outer surface of the conductor is the 
sum of the positive charge initially there and the additional negative charge due to the introduction of the negative 
charge into the cav ity. 

<a) SET UP: First find the initial positive charge «i the outer surface of the conductor using q - <jA. where A is 
the area of its outer surfarc. Then find th: net charge on the surface after th: negative charge has been introduced 
into the cavity. Finally use the definition of surfare charge density. 

EXECUTE: The original positive charge on the »>utcr surface is 

<! =aA = <r(4cr')=(637xl<|- t7m’l4.T<0.250m') = S.<©>10* Cm' 

After the introduction of -0.500 pC into the cavity, the outer charge is now 

5.00 pC - 0.500 pC ^ 4.50 /XT 

The surface charge density is now a - — - —— 5.73 x 10 ‘ Cm' 

A 4 xr' 4t( 0.250 m>‘ 

<l» SET UP: Using Gauss's law. Ih: electric field is £ - ^--- 

A c.A C.4.TJ*' 


Execute: Substituting number* gives 

£ 


4.50* 10 A C 


(8.85x10 17 C-.’N m* M4^H0 250m>‘ 


-6.47x10' N.C. 


(c> Set UP: We use Gauss's law again to find the tlux. <I>, - — . 
Execute: Substituting number* gives 

-0.500* IQ *C 


85x10 • C N nr 


-5.65x10* N m*C'. 


EVALUATE: The excess charge on the conductor is still -tS.OO /X'. as it originally was. The introduction of the 
-0.51X1 pC inside the cavity n»nely induced equal but opposite charges (for a net of zero) on the surfaces of the 
conductor. 

22.24. iDEVnn : We apply Gauss's law. taking the Gaussian surface beyond the cavity but insid: th: solid. 

SET UP: Because of the symmetry of the charge. Gauss’s law gives us £ - . where A is th: surface area of : 

t>A 

sphere of radius R - 9.50 cm centered on the point* cliarge. and is the total charge contained within thit sphere 
This charge rs the sum of the —2.00 fiC point charge at the center of the cavity plus the charge within the solid 
between r - 6.50 cm and R - 9.50 cm. The charge within the solid is - pV -/XI4 ’ 3 )zR‘ - 14 3l.Tr* | - 

EXECUTE: First find the cliarge within th: solid betweenr - 6.50 cm and R - 9.50 cm: 

- ^<7.3SxlO~* C/m* >£(0.0950 ml* -(0.0650 ml* J - 1.794 x 10 * C. 

Now find the total charge w ithin the Gaussian surface: 

+9^.. — 2.00 fx :+ 1.794 pc »-0.2059 pc 

Now find the magnitude of the electric field fr»m Gauss's law. 

£ ~ V? ~ c^xr 7 ~ <8.85«10 4JkOOTSOhiV ~ 2 ‘° S><l0 * N<C ' 

The fact that the charge rs negative means that th: electnc fickl points radially inward. 

EVALUATE: Because of the uniformity of the charge distribution, the cliarge beyond 9.50 cm docs not contribute 

to the electnc fickl. 
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22.25. 


22.26. 


iDCVniY: He magnitude of the electric field is constant at any given distance from the center because the charge 
density is uniform invade the sphere. We can ilsc Gauss's law to relate the fiekl to the charge causing it. 

(a) SlTT UP: Gauss's law tells us that EA - — . are! the charge density is given by p - ---- 

*, V 

Execute: Solving fi>r q and substituting numbers gives 

q - EAt, = £<4?r'K. -(1750N,C)(4.r)(0.500 m) 1 (H.8SxlO ' J C*'.'Nm')- 4.K66.10 ' C. Using the formula for 

charge deiuity «c gel p - — -^-—--!--— - 2.60x 10 C m'. 

V (4i'3l.rfi (4.'3)x(0.3S5m| 

(b> SET Up: Take a Gaussian surface of radrus r - 0.200 m. concentnc with the insulating sphere. The charee 


enclosed within this surface is q mti - fA r - p\ — xr* and we can treat this charge as a paint-charge, using 


C oukimb’s law E - 


l i 


4.T*. r* 

EXECUTE: First find the enclosed charge: 


The charee beyond r - 0.200 m makes no contribution to the electric field. 


- p\tirr l |-(2-60-1°-'Cm 1 ] 0.200 in) 1 ^8.70.10*C 


Now treat fhis charge as a point-charge arid use Coulomb's law* to find the field: 

£ - (9.00 x 10' N m*'*? 1 f C , |.96x 10* N,C 


10.201 


EVALUATE: Outside this sphere, it behaves like a point-charge kvated at its center. Inside of it. at a distance r 
from the center, the fiekl is due only lo the charge between the center and r. 
iDEVnn: Apply Gauss's law and conservation of charge. 

SET UP: Use a Gaussian surface that lies wholly within he conducting material. 

Execute: (a) Positive charge is attracted to the mner surface of the conductor by the charge in the cavity. Its 
magnitude is the van*: as the cav ity charge: q mmit - + 6.00 nC. since £ - 0 insid: a conductor and a Gaussian 
surface that I vs wholly w ithin the conductor must enclose zero net charge. 

<b> On the outer surface th: charge is a combination of the net charge on the conductor and the charge "left behind" 
when the *6.00 nC moved to the inner sairface: 


22.27. 


22 . 2 *. 




-q - 5.C0 nC - 6.00nC = -l.00nC. 


EVALUATE: The ekxlric field ixitside the conductor is due to the charge on its surfarc. 

IDENTIFY: Apply Gauss's law to ca:h surface. 

SET Up: The fiekl is zero within the plates. By symmetry* th: field is perpendicular to the plates cxitsid: tlv plates 
ind can depend only on the distance from the plates. Flux into th: enclosed volume is positive. 

EXECUTE: S.. and S enclose no charge, so th: tlu\ is zero, and electric field outside the plates is zero. Between 
the plates. S 4 shows that -EA - -qfa - -a Aj€ t and £ -*/«,- 

Evaluate: Our result for the field between th: plite* agrees w ith the result stated in Example 22 8. 

IDENTIFY: Close to a finite sheet the fiekl is the same as for an infinite sheet. Very far from a finite sheet the field 
is that of a point charee. 


SET UP: For an infinite sheet. £-. l or a paint charee. L - 


* ‘ 4 «.. ’ 

EXECUTE: (a) At a distance of 0.1 mm from the center, the sheet appear* "infinite/* so 

E * —-" 50 * .0 * r _ 662 XC. 

22t.rO.KOO mf 

(b) At a distance of 100 m from the center, the sheet looks like a point, so: 


£* 


I q I (7.50x10*0 


r* 4.?<, (100m) 


5.75 x 10 ‘ N/C. 


<c> There would be no difference if the sheet was a conductor. The charge would automatically spread ouf evenly 
over both faces, giving it half the charge density on cither fare as the insulator but the same ekclnc field. Far away, 
they both look like points with the same charge. 

EVALUATE: The sheet can tv treated as infinite at points where the distance to th: sbrel is much less than the 
distaixc to the edge of the sheet The sheet can he treated as a point charge at points for which the distance to the 
sheet is much greater than the dimensions of the sheet. 
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22.29. IDENTIFY: Apply GaiueTs law to a Gaussian surface and calculate E. 

(a) SET Up: Consider the charge on a length / of the cylinder. This can be expressed ax q = At. But since th: 
surface area is 2jtR( it can also be expressed as q - (t2.tRI. These two expressions must be equal, so AJ - <t2zR\ 
and A - 2.rR(T. 

<b| Apply Ciauss's law to a Gaussian surface that is a cylinder of length /. radius r. and whose axis coincides with 
the axis of the charee distribution, as shown in Figure 22.29. 


n* 


KXECITE: 

{?«. -o{2xRl) 
< 1 > •= IxriE 


22.30. 


031 


Figure 22.29 

«■ .flight, 2*g. g < 2r "> 

s s. 

V 

(cl EVALl'AIC: Example 22.6 shows that the electric field of an infinite line of charge is E - A / 2x€ ( r. <t - ^ ^ 

the same as for an infinite line of charge that is along the axis of th: cylinder. 


so L - - 

V vV2t R) 2.TC, 

IDKVI1FY: The net electric held is the v ector sum of the fields due to each of the four sheets of charge. 

SET t.’P: Tbc electric field of a large sheet of charge is E - ai2i t . The held is dirorled away from a positive sheet 
and toward a negative sheet. 


EXECUTE: (a) At A: E A 

E, - —(5 yiC/m' . 2 /iCfm 1 * 4 ;,C/m* - 6 /iC/tn') - 2.82 x I0' - N/C to the led 


E, - -- (6 fiC/m ! •. 2 (iC/m' - 4yiC/m* - 5 ttCftn' ) = 3.95 -10' N/C lo the left. 

E, - (4 /'C/m 1 ♦6/iC/m 1 -5 /iC/m’ -2//C/m : |- I 69> I0 1 N/C lolhclcft 

EVALUATE: The field at C is not zero. Th: pieces of plastic are not conductors. 

IDENTIFY: Apply Gauss's law and conservation of charge. 

SET Up: E * 0 in a conducting material. 

Execute: (a) Gauss’s law says * O on inner surface, so E - 0 inside metal. 

(b| The outside surface of the sphere is grounded, so no excess charge. 

(cl Consiito a Gaussian sphere with th: -Q charge at its center and radius fcss thin the inner radius of the metal 
This sphere encloses net charge Q so there is an electric field flux through it: th:rc is clcctnc field in the cavity, 
(d! In an electrostatic situation E - (1 inside a conductor A Gaussun spliere with the -Q charge at its center and 
radius greater than the outer radius of the metal encloses zero net charge (the -Q charge and the *(?on the inner 
surface of the metal > so th^c is no flux through it and E = (I outside the metal. 

(el No, E - 0 there. Yes. the charge has been shielded by the grounded conductor. There is nothing like positive 
and negative miss (the gravity force is always attractive), so this cannot be d«ic for gravity. 

EVALUATE: Field Imes within the cavity terminate on the charges induced on the inner surface. 
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22.32. IDENTIFY and Set UK Eq.(22.3) to calculate the flux. Identity the direction of the nocmal unit vector « for each 
surface. 

Execute: <a> E - -tii -t Cj -I*: 1-L‘ 
fa** 5 = « = -/ 

0, = E A - F. {.in I - (-hi . Cj - Dk ) • (-Aj ) - -CL 1 . 

(accSy (i - r* 

<t>, =E A-E Hii) = (-Si : -Q- m!-(.«I - -Di ! . 

face S,: ii«+y 

<t>,-EA-E (Am) - (-Bi - Cj - Dk)(Aj) = ■’CL 1 . 
face S 4 : n--i 

4*^ - E A-E ■ (Ail) - (-« - Cj - 1* l ■ (-.Ik i - *DL\ 
face.?,: n-ri 

<X>, -EA-E -1 .*il - <-flf - Cj-DkH Ai)=-BL\ 

faccS,: n = -t 

4>, - E ■ A - It ■{ .ini = (-Bi + q-D6) l-Ai) = rBL‘. 

<b) Add the flux through each of the six lace* <t>, = -CL : - DL * f (7/ - DL' - fi/. ; -t- 8// - 0 
The total electric flax through all sides is zero. 

EVALUATE: All electric field lines that enter ooc face of the cube leave through another face. No electnc field 
lines terminate inside the cube and the net flux is zero. 

22.33. IDENTIFY: Use Eq.(22.3> to calculate the flux through each surface and use Gauss's law to relate the net flux to 
the enclosed charge. 

SET l.'P: Flux into the enclosed volume is negative and flux out of the volunx is positive. 

Execute: (a) <!> ^ EA ^ (125 N/C)(6.0 m : ) ^ 750 N m ’/C. 

<b> Since the field is parallel to the surface. <t> - 0. 

<c> Choose the Gaussian surface to equal the volume's surface. Then 750 N m 3 i'C - EA - q and 

E -!—-(2.40x10 # C'V + 750 N m 3 »C> - 577 N.*C . m the positive ^direction. Since q< 0 we mast have some 

6.0 m* 

net flax flowing in so the flux is -|A’.*l| on second face. 

EVALUATE: <dl q<0 hut we have E pointing a hxiv fn>m face I. This is du: to an external field that docs not 
affect the flux but affects the value of E. 

22.34. IDENTIFY: Apply Gauss's law to a cube centered at the origin and with ude length IE. 

SET L'P: The total surface area of a cube with side length 21 is 6<2A) : = 241: . 

Execute: (a) The square is sketched in Figure 22.34. 

<b> Imagiix a charge q at the center of a cube of edge length 2L. Thai: <J» - Here the square is one 24th of the 
surface area of the imaginary* cube, so it intercepts 1/24 of the flux. That is. 

EVALUATE: Calmlating the flux dually from Ivq.(22.5) woukl involve a complicated integral. Using Gau»*s law 
and symmetry considerations is much simpler. 



Figure 22.34 




2210 Chapter 22 



22.35. <a) IDENTIFY: Find the net flux through the parallelepiped surface and then use tliat in (iauss's law to find the net 

charge within. Flux out of the surface is positive and tlu\ into the surface is negative. 
s»:r l)K C, give* flux out ol'lhc surface. See Figure 22.35a 

Execute: <1>. - 

A - (O.CMXXI mX0.0500 ml - 3.00 x 10' * m' 
f, ■ f,coi60 D - (2.50x10* N.'C)co»60° 

£ ■ 1.25 x 10* N'C 


, - •*£,.-< -i<l.2Sx 10' M'CH3.00« 10 1 nr )■ 37.5 N-m ! /C 
l'l‘: E. give* flux into the surface. See Figure 22.35b. 

Execute: 



A ■ (0.0600 mXO.0500 m) = 3U0< 10 m 
E, L - E, ao60* - (7.00.10' NCI cos 60" 
E. ■3.50.10* N'C 


Figure 22.35b 

-£ .-I - —(3-50*I0‘ NCX3.IO.I0 m*)--105.0 NnT.C 


Th: net tlux is <l>. - 


•37.5 N m* C -105.0 N m ; •€ - -67.5 N m*\C. 


‘-A *. 

The net tlu.\ is negative (inward), so the rvl cliarge enclosed is regativc. 
Apply Gam's lm: <t> 


0L, (-67.5 N m’.CX8.H54«10'" CVN ■ m‘> -S.98 . 10 " C. 

<b> EV ALUATE: If there were no charge within the parallelled the net tluv would be zero. This is not the ease, so 
there is charge inside. The electric field lines that puss out through the surface of the panillclpipvd must terminate on 
charges. » there also must he charges outside the parallelpiped 
22.36. IDENTIFY: He a particle feels no force where the net electric field due to the two dntributions of charge is zcto. 
Set UP: The fields can cancel only in the regions A and B shown in Figure 22.36. because only in thrsc two 
regions arc the two fields in opposite direct ionv 

EXECUTE: - E^ gives - 7 ---1- and r - \jx<7 -- m -0.16 m -16 cm 

2c, 


ellOO/iC m l 


The fields carvel 16 cm from the line in regions A and B. 

EVALUATE: The result is m&pendcnt of the distance belwom the line and the sheet. The electric field of an 
intimte sheet of chirgc is uniform, independent of the distance fn>m the sheet. 

\j»c 


y 




Figure 22.36 


22.37. 


(a) IDENTIFY: Apply Gauss’s law to a Gaussian cylinder of length / and rxkus /•. where a < r < h. and calculate E 
on the surface of the cylinder. 

SET UP: The Gaussian surface is sketched in Figure 22.37a. 

- Execute: - £(lcr/) 

f — 1 

r -;- (the charge on the 

- - length f of the imvr conductor 

■» tint is inside the Gaussian 

1 lurlacc). 



Figure 22.37a 


<*,_£=■. g,«* £(2.Tr/)-i- 

E -Tlv enclosed charge is positive so the direction of E is rtsdiallv ixitward. 
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<b> SET Up: Apply Gain's law to a Gaussian cylinder of krngth / and radius r, when; r > c s as shown in 
Figure 22.37b. 

Execute: G A =E(2xrt) 

- At (the charge on the length / 
of the inner conductor that is inside 
the Gaussian surface: the outer 
conductor canics ixi net charge I. 

Figure 22.37b 

C. / =^gi>«£(’Tr/) = £ 

£-. Tlx enclosed charge is positive so the direction of E is radially outward. 

<c>£-0 within a condixinr. Thus £ “ 0 for r < a ; 

£ - —— for a < r < tr % £ - 0 for b < r < c\ 

£--— for r >c. The graph of £ versus /* is sketched in Figure 22.37c. 

2w 

£ 


/ 

Figure 22.37c 

EVALUATE: Insxle either conductor £ - 0. Between the conductors and outside both coiuductors the clcclnc field 
is the same as for a lirx of charge with linear ehirge density A lying alcoig the axis of tlx inner conductor. 

<d> IDENTIFY and Sf:t UP: inner surface: Apply Gauss's law to a Gaussian cylinder with radius r. where 
h < r < c. Wc know A* cci this surface: calculate Q mmt . 

Execute: This surface lies within the ccoiductor of the outer cylinder, where £ - 0. so <t» x - 0. Thus by (iauss’s 
law = 0. The surface encloses charge At on the inner conductor, so it must enclose charge -A.l on the inner 
surface of the outer cceiductor. The charge per unit length on the inner airfare of the outer cylinder is -A. 
outer surface The outer cylinder carries no net charge. So if tbcTe is charge per unit length -2 on its inner surface 
then: must be charge pxr until Vmgth +A on the outer surface. 

EVALUATE: The ckvlric field lines between the conductors originate on the surface charge on the outer surface of 
tlx inner conduct** and terminate on the surface charges on the inner surface of the outer cceuluctce. These surface 
charges arc equal in magnitud: (per unit length! and opposite in sign. The electric field lines outside the outer 
conductor originax from the surface charge on tlx outer surface of the outer conductor. 

22.38. IDENTIFY: Apply Gauss's law. 

Set Up: Use a Gaussian surface that is a cylinder of radius r. length / and that lias the line of charge along its axis. 
The charge on a length / of the line of charge or of the tube is q -at. 

EXECUTE: (a) HI For r < a . Gauss's law gives E{lsr() - - — and £-— . 

A «, 

<ii) The electric held is zero because these points arc within tlx conducting material. 

O 2at a 

(iii) For r>t>. Gauss's law gives £<2.T/f ) - -and £- 

Tlx graph of E versus r is .sketched in Figure 22.38. 
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<b)(i) The Gaussian cylinder with radius r. far a < r < b , must enclose zero net charge. so the charge per unit length 
on the inner vurt&re is - a . (ii) Since the net charge per length for the tube is +a and there is -a on the inner 
surface, the charge per unit length on the outer surface must be + 2 r/. 

EVALUATE: For r>b the electric field is due to the charge on the outer surface of tbc tube. 



a b 

retire 22.3S 

22.39. <a) IDENTIFY: Use Gauss's law to calculate £fr). 

(it Set UP: r < a: Apply Gauss’* law to a cylindrical Gaussian surface of length / and radius r. where r < a. as 
sketched in figure 22.39a. 

Execute: *£( 2 jrrJ ) 

(the charge cm the length / 
of the line of charge I 

Figure 22.39u 

give* /T< 2 rrl) - — 



£-The enclosed charge is positive so the direction of E is radially outward. 

It w 

(ii) >; v / v fy. Points in this region an: within the conducting tube, so £ - 0. 

(in) SET IIP: r > fy. Apply Gauss’s lavs* to a cylindrical Gaussian surface of length / and radius /*. where r > b. as 
sketched in Figure 22.39b. 

t 

Execute: <I>, - £|2.r/V) 

= a! ithc charge on length / of the 
line of charge ! -of I thc charge on 
length / of the tube ) Thus - 0. 


<t> A - OzL gives E(2jrrJ) - 0 and £ - 0. The graph of £ versus r is sketched m figure 22.39c 




Figure 22.39c 


<bl iDEVIltY: Apply Gauss’s law to cylindrical surfaces that lie just outside the inner and outer uirfarcs of the 
tube. We know £ so can calculate 0^ . 

(it SETUP: inner surface 

Apply Gauss’s law to a cylindrical Gaussian surface of Vmgth / and radius r, where a < r < b. 
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Execute: This surface bet within the ccmductor of the tube, where E “ 0. so <J> / - 0. Then by Gauss's hw 
Q^ t - 0. The surface encloses charge at on the line of charge to must enclose charge -til on the inner surface of 
the tube. The charge per unit length on th: inner surface of the tube is - a . 

(it! outer surtax 

Tlie net charge per unit length on the tube is -a. We hive shown in pari (i) that this mint all retide cm the inner 
surface, so then: is no net charge on the outer surface of the tube. 

EVALUATE: For r < a the electric field is due only to the line of charge. For /• > h the electric field of the tube is 
the same at for a line of chirge along its axis. The fields of the line of charge and of the tube are equal in magnitude 
and opposite in direction and sum to zero. For r<u the electric feld lines originate on the line of charge and 
terminate on the surface charge on th: inner surface of the tube. There is no electric field outside the tube and no 
surface charge on the outer surface of the tube. 

Identify: Apply Gauss's law. 

SET l.'P: Use a Gaussian surface that is a cylinder of radius r and length /. and that is coaxial with the cylindrical 
charge distributions. The volume of the Gaussian cylinder is jrr*t and the area of its curved surface is 2.T/V . Th: 
charuc on a length / of the charge distribution is q - At . where a. & pxR m . 


EXECUTE: (a) For r < R , {£* = pxr'l and Gauss's law gives E(2xri) - ^ ’ ■ are! /: - 

outward 

(b> For r > R . = px/Tl and Gatss's law gives E{lxrt > - i - and /: - 

outward 

(c> At r - the clectrx field for DOTH regions is E = so they are consistent. 

(d) The graph of E versus r is skdehed in Figure 22.40. 

EVALUATE: For /* > R the field is th: same as for a line of charge along the axis of the cylinder. 


are! E - . radially 


. radially 



Figure 22.40 

22.41. IDENTIFY: First make a free*bedy diagram of the sphere. The electric force acts to the left on it since the electric 
field due to the sheet is horizontal. Since it hangs at rest, the sphere is in equilibnum so the forces cm it add to zero 
by Newton's first law. Balance horizontal and vertical fcmcc components separately. 

SET Ur Call 7* the tension in the thread and /; th: clectnc field. Balancing horizontal forces gives T sin 0- qE 
Balancing vertical forces we get T cos 0- mg. Combining these equations gives tan 0- qE'm ig, which mrans that 
0- arctanii/£'Vv?£l. The electric field fora slxet of charge is E - rr2c.. 


EXECUTE: Substituting the numbers gives us — 


2 . 50 x 10 cm* 
.85*10 'C N- 


1.41-10' N'C-Thcn 


(5.00*10 * C)( 1.41 *10* NT) 

•> arvlan —---1 = i9X 

2.00-10 Its 9.80 mV 


EVALUATE: Increasing the field. or decreasing the mass of the sphere, would cause the sphere to hang at a larger 
angle. 
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22.42. 


22.43. 


22.44. 


IDEVIIFY: Apply Gauss's law. 

SET Up: Use a Gaussian surface that is a sphere of radius r and that is concentric with the ccndiKlmg spheres. 
EXIXITB: (a) For r < a* E - 0, since these points are within the cceiducling nutcrial. 


Far a < r < h, E - —;——. since there is 'a inside a radius r. 

4.T*. r 2 

Far h < / < c . £ - 0, since since these paints are within the conducting material 
I a 

Far r >c\ E -—r. since again the tatal charge enclosed is *q. 

4.TC, r~ 

(b> The graph of E versus r is sketched in Figure 22.42a. 

(cl Since the Gaussian sphere of radius r. far h < r <c . must enclose zero net charge, the charge on inner shell 
surface is -q. 

(d) Since the hollow sphere has no net charge and has eturge -q on its inner surfarc. the charge on outer shell 
surface is *q. 

let The field lines arc sketched in Figure 22.42b. Where the field is nonzero, it is radially outward. 

EV ALUATE: The net charge on the inner solid conducing sphere is on the surface of that sphere. The presence of 
the hollow sptvrc docs not atVect the electric field in the region r < h . 






Kijjure 22.42 


Identify: Apply Gauss's law. 

SET UP: Use a Gaussian surface that is a sphere of radius r and that is concentric with the charge distributions. 
EXECUTE: (a) For r < R. E - 0. since these points arc within the conducting material. For R < r < 2R. 


E- 


since the charue enclosed is O. For r > 2R . Z - 


* - Q 

4.Tt r* 


since the eliarge cnekiscd is 20 . 


4xc, , * 

(bl The graph of E versus r is sketched in Figure 22.43. 

Evaluate: For r < 2R the electric f*:ld is unaffected bv the presence of the charged shell. 



IDENTIFY: Apply Gauss's law and conservation of charge. 

SET Up: Use a Gaussian surface that is a sphere of radius r and that has the point charge at its center. 

I O 

Execute: (a) For r < a . Z-radiallv outward, since the charic enclosed is O, the charcc of the point 

4.TC. r 


charge. For a <r <h n Z - 0 since these paints are within the conducting material For r>b, E 
radially inward. Mice the total enclosed charge is 20 . 


i IQ 
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<b> Since a Gaussian surface wilh radius r. far a < r < b . mus! enclose zero net charge, the total charge on the inner 
surface is -O and the surface charge density on inner surface is o - - ■ ■ . 

<c> Since the net charge c«i the shell rs —3 Q and there is -Q on the inner surface, there must be -2Q on the outer 
surface. The surface charge density on the outer surface is (T - - 

<d) The field lines and the locations of the charges arc sketched in Figure 22.44a. 

(el The graph of E versus r is sketched in Figure 22.44b. 






Figure 22.44 


EVALUATE: For r < a the electric field is due solely to the point charge Q. For r >b the electric field is due to 
the charge - 2 Q that is on th: outer surface of the shell. 

iDEVllfY: Apply Gauss's law to a spherical (iaussian surface with radius r. Calculate the cloctnc field at the 
surface of the Gaussian sphere. 

(a) SET Up: <i) r<a : The Gaussian surface is sketched in Figure 22.45a. 



Figure 22.45a 


EXECUTE: <I\ - I:A - E (4.TT J ) 

- 0 *. no charge is enclosed 

«l>, _ iL. says £(4«r*) - 0 and I: - 0. 


<ii> a <r < fe Points in this region are in the conductor of the small shell, so E - 0. 
(mi SET Up: b < r <c. The (iaussian surface is sketched in Figure 22.45b. 
Apply Gauss's law to a sphrrical Gaussian surfarc with radius h<r <c 



Figure 22.45b 


EXECUTE: <I>i - FI - E{ixi‘ > 

The (iaussian surface encloses all of the simll 
shell and none of the large shell, so - + 2 q. 


<J »j - ——■ gires £(4^r ) --- so E - ■ . . Since the enclosed charge is positive tb: electric field is radially 

K *> **W' 

outward. 

<iv> c< r <J. Points m this region are in the conductor of the large shell, so E - 0. 
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22.46. 


!v) SET IIP: r > d: Apply Gauss's law !i> a sphcrxal Gaussian surface with radius r> d. as shown in Figure 22.45c. 



EXECUTE: <i>, - HA - /;(4 ar‘ | 

The Gaussian surface encloses all of the small shell 
and all of the large shell, so Q^ t - + 2 ^ + 4<j - 6*/. 


Figure 22.45c 


<*, , £=■ gnes £)4.rr ; ) - 


E - ■ ——<. Since Ihe enclosed charge is positive the electric field is nuliallv outward 
The graph of £ versus r is sketched in Figure 22.45d. 


r: 



<b> IDENTIFY and SET UP: Apply Gauss's law to a sphere that lies outside tlx surface of the shell for which we 
want to find the surface charge. 

Execute: (i) charge on inner surface of the small shell: Apply Gauss's law to a sphcrxul Gaussian surface with 
radius a<r<b. This surface lies within the coodixtoc of the small shell, where E - 0. so <l> t - D. Thus by Gauss's 


law - 0 . so there is zero charge on the inner surface of the small shell. 

<ii) charge on outer surface of the small shell: The total charge on the small shell is +2</. We found xn part (i) that 
there is zero charge on the inner surface of the shell, so all + 2 ^ must reside on the outer surface. 

(iii) charge on inner surface of large shell: Apply Gauss's law to a spherical Gaussian surface with radius c<r <d. 
The surface lies within the conductor of tlx large shell, where £• 0. so <!>,- - 0. Thus by Gauss's law Q^. - 0. The 
surface eixloses the r 2 on the small shell so tlxrc must he charge - 2 q on the mixr surface of the large shell to 
make the total enclosed charge zero. 

<iv) charge on outer surface of large shell: The total charge on the large shell is +4q. We showed in part (iii l that 
the charge on the inner surface is - 2 ^. so there must be t6f cn the outer surface. 

EVALUATE: The electric field lines for h<r <t originate from the surface charge on tlx outer surface of the 
inner shell and all terminate on the surface charge on the inner surface of the outer shell. These surface chirgcs have 
equal magnitude and opposite sign. The electric field lines for r> d originate from the surface charge on the outer 
surface of the outer sphere. 

Identify: Apply Gauss's law 

SET UP: Use a Gaussian surface that is a sphere of radius r and that is concentric with the charged shells. 
Execute: (a) <i) Fee r < a, E - 0. since the charge enclosed is zero, (iii For a < r < b % F. - 0. since the points 


arc within the conducting material, (iii I Fee b<r<c,E - 


>• 


outward, since charge enclosed is r 2 <f. 


(iv) For c<r<rf,£-0. since the points arc within the conducting material, (v) Foe r >d. E - 0. since the net 
charcc enclosed is zero. The graph of /; versus r is sketched in Figure 22.46. 
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(b> (i> small shell inner surface: Since a Gaussi.ui surface with radius/*. for a<r <b . must enclose /cm net 
charge, the charge on this surface is zero, oil small shell cuter surface: +2^ . (iii> large shell inner surface: Since 
i (iaussian surface with radius r, for c < r < d . must enclose zero net charge, the charge on this surface is - 2 q. 

(ivl large shell outer uirf&cc: Since there is -2<yon the inner surface and the total charge on this conductor is -2q . 
the charge on this surface is zero. 

Evaluate: The outer shell has no effect on the electric field for r < c. For r > d the electric field is due only to 
the charge on the outer surface of the Larger shell. 

ti 


V 


12.47* 


figure 22 M 

iDEVnFV: Apply Gauss's law 

SET UP: Use a C iaussian surface that is a sphere of radius r and that is concentric with the charged shells 
Execute: (a) <*) For r iT — 0. since charge enclosed is zero, (ii) a <r< b % E ®0. since the points arc 


within the conducting material, t m | l or o< r < c, /; - ——. outward, since charcc 

4,T4 i. r* 


Ictsed is » 2 i/. 


(iv| Fore < r <d. E - 0. since the points arc within the conducting material, fv) For r>d,E- 






inward. 


since charge enclosed is 2^. The graph of the radial component of the electric fWld versus r is sketched in 
f igure 22.47. where we use the convention that outward field is positive and inward field is negative. 

(b> (i) small shell inner surface: Since a (iaussian surface with radius r % for a< r < h. must enclose zero net 
charge, the charge on this surface is zero, nil small shell outer surface: • 2^. (lit) large shell inner surface: Since 
a (iaussian surface with radius r % for c < r < d. must enclose zcn> net charge, th: charge on this surface is 2 q. 

(ivl large shell outer surface: Since there is on the mrvr surface and the total charge on this conductor is 4^. 
the charge on this surface is - 2 q. 

EVALUATE: The outer shell has no effect on the electric field for r < c . For r > d the electric firld is <\\x only to 
the charge on the outer surface of the Larger shell. 

L 



22.48. IDENTIFY: Apply Gau.«'s law 

SET Up: Use a (iaussian surface that is a sphere of radius r and that is concentric with the sphere and shell. The 
volume of the insulating shell is V - l.r(|2/?l‘ -/?’*)- . 

EXECUTE: (a) Zcn> net charge requires that -Q - " ' .so p - - • 

<hl For r</?,£ -0 since this region is within th: conducting sphere. Forr> 2/tf. E -0 . since the net charge enclosed 

by the (iaussian surface with this radius is zero. For R < r < 2 R . Gauss's law gives E | 4rr*) - — + r' - R ‘) and 

<1 H 

£--— + —il^-fr* - R '). Substituting i> fnwn part <a) gives £ - —±— Q. - ——-The net enclosed charge for 

4«,r* tx*, / ' 

each r in this range is positive and th: electric field is oulwurd 
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22.49. 


22.50. 


(cl The graph is skctclvd m figure 22.4H. We see a discontinuity in goang from the conducting sphere to the 
insulator due to the thin surface charge of the coodu^mg sphere. But we see a smooth transition from the uniform 
insulator to the surrounding spice. 

EVALUATE: The expression for E within the insulator gives E - 0 at r = 2R . 

E 



IDENTIFY: l he Gauss's law to find the electric field E produced by the shell for r < R aixl r > R and then use 
E - qE to find the force the shell exerts on th: point charge. 

<a) SET Up: Apply Gauss's law to a spherical Gaussian surface that lias radius r > R and that is cooccntric w ith 
the shell. » sketched in figure 22.49a. 



Extent: =^(4.rr ! ) 

0 -—Q 


«•, - gi>«* i:{ Aar ') - — 


O _ oO 

Tlie magnitude of the field is E -=— and it is directed toward th: center of the shell. Then /’ - qE -——. 

4x<.r* 4.r«,r' 

directed tow ard the center of the shell. (Since q is positive. E and F are in the same direction.) 

|b> SET l.’P: Apply Gauss's law to a spherical Gaussian surface that has radius r < R and that is concentric with 
the shell. » sketched in figure 22.49b. 


Exec vie: <2 »* - E( 4xr‘) 



gives £(4*r s ) = 0 
Then £«0soF*0. 

EVALUATE: Outside the shell the electric field and the force it exerts is the same as for a point charge -O located 
at the center of the shell. Inside the shell E - 0 and there is no force. 

IDENTIFY: The method of Example 22.9 shows that the electric field outside the sphere is the same as for a point 
charge of the same charge located at the center of the sphere. 

SET UP: The charge of an electron has magnitude c -1.60 x 10' **C. 
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22.51. 


22.52. 


22.53. 


Execute: <a> £-aM For r-£-O.I50m. F. - 1150 NC so U - — - ■ 1 * ^ N C —■ l - - 2.8S x 10 v C. 
r* M A 8.99x10' N m C 


Th; nundxr of excess electrons is 


2.SS-I0 'C 


1 . 60*10 "C election 


SO -10 electriMi),. 


lb* r-tf.O.IIXIm-0.250 m. E - *M - (S.90.10' N m’,'C ! > ~ S< ( -4I4NC. 

»- <0.250 m)' 

EVALUATE: The magnitude of the electric field decreases according to the square of the distance from the center 
of the sphere. 

IDENTIFY: The net electric field is the vector sum of th: fields due to the sheet of charge on each surfare of the 
plate. 

SKT UP: The electric fiekl due to the sheet of charge on each surface is E - <r' 2 ^ and is directed away fnxn the 
surface. 

EXECUTE: (a) For the conductor the charge shed on each surface produces fields of magnitude (T 2«, and in the 
same direction, so the total field is twarc this, or . 

(b> At points insid: the plate the folds of the sheets of charge on each surface arc equal in magnitude and opposite 
in dircctira. so their vector sum is zero. At points outside the plate, an either side, the folds of th: two sheets of 
charge are in the same direction so their magnitudes add. giving E - *r/«,. 

EVALUATE: Gauss's law can also be used directly to determine the folds in these regions. 

IDENTIFY: I:\ample 22.9 gives the expression for the electric fiekl both inside and outside a uniformly chirged 
sphere. Use F = -cE to calculate the force on the electrvei. 

SET Up: The sphere his charge Q - fc . 

Execute: <a) Only at r - 0 is E - 0 for the uniformly chirged sphere. 

(b> At points insid: the sphere. F - _——- . The fold is radially outward. F, - -vE - - -— m ‘ nu ' s ‘8 n 
denotes thit F is radially inward for simple harmonic motion. F - -ir - -mto'r . where <u - Jk m - 2z/ . 


F - -mc/r - - 


1 r*V 


1 ** . r 1 M ^ 

Arc, ntJT ^ * 2 


(1.60x10 "C) £ 


(c> If /-4.57x10 ’ 11/-(-1- then /? - »/---:------ r - 3.13x10 “ m. 

2*\4x«, mR‘ \4.t<, 4^(9.11x10 11 kg)(4.S7xl0“ WxY 

The atixu radius in this model is the correct order of magnitude. 


(dl IF r > R , E, - — - and F f - --- . Tfo electron would still oscillate because the force is directed toward 

4.T«,r* 4TC,r* 

the equilibrium position at r - 0. But the motion would not be simple harmonic, since F t is proportional to l/r J and 
simple harmonic motion requires that the restoring force be proportional to the displacement from equilibrium 
EVALUATE: As long as the initial drsplaccnvnt is less than R the frequency of the motion is independent of the 
initial displacement. 

IDENTIFY: There is a fcece on each electron du: to the other electron and a force due to the sphere of charge. Use 
Coulomb's law for the force between the electrons. lixairple 22.9 gives F. inside a uniform sphere and Lq.(21.3) 
gives the force. 

SET Up: The positions of the electrons arc sketched in figure 22.53a. 





If the electrons are xn 
equilibrium the net force on 
each one is zero. 
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22.54. 


22.55. 


Execute: Cemsider the farces on electron 2. There is a repulsive force F] due to the other electron, electron I. 

I 




3 > 


the electric held inside the unitorm uistrtbutii>n ot positive charge is E --- (Example 22.9), where () - 72c. 

4tl/t 


At the position of electron 2. /*• d. The force F m4 exerted by the positive charge distributism is F^ - cE - 
ind is attractive. 

Tlu: force diagram foe electron 2 is given m Figure 22.53b. 

K, 




Net force equals zero implies F - F and 


Figure 22.53b 

_1_ <T le'd 

4r< id 4 x< u R' 

Thui (\ito‘ )■ 2 d:R\ 10 d‘ - R‘ IS sntd ^ R! 2. 

EVALUATE: The electric field of the sphere is radially outward, it is zero at the center of the sphere and increases 
with distance from the center. The force this held exerts cm erne of the electrons is radially lmvanl and increases as 
the electrxm is farther from the center. The force from the other electron is radially outward, is infinite when d - 0 
and decreases as d increases. It is reasonable therefore for there to be a value of d fee which these forces balance. 
IDENTIFY: Use Gauss's law to find the electric field both inside and outside the slab. 

SET Up: Use a Gaussian surface that has ooc face of area A in the v z plane at .t - 0. and the other face at a 
general value x. The volume enclosed by such a Gaussian surface is^.r. 

EXECUTE: (a) The electric field of the slab must he zero by symmetry. There is no preferred direction in the vz 
plane, so the ekctric field can only point in the .redirection. Hut at the origin, neither the positive nor negative 
v direct ions should be singled out as special, and so the field must be zero. 

(b) For |r| S d . Gauss's law gives EA - and E - iU. with direction given by — / (away from the 

at v-0 


center of the slab!. Note that this expression dixrs give E - 


Outside the slab, th: enclosed charge does 
not depend on .r and is equal to pAd . For |vj ^ d . Gauss’s law gives EA - - and E - . again with 


direction given by 


X r 


EVALUATE: At the surfaces of the slab, .r - td . For these v alues of v the two expressions for E (for invade and 
outside the slab) give the sane result. The charge per unit area <7 of the slab is given by *7.4 - pA\2J\ arid 
pd - <t'\ 2 . The result Uk E outside th: slab can therefore be written « E - a 12 c, and is the same as for a thin shed 
of charge. 

(a) IDENTIFY and SFI UP: Consider the direction of the field for .r slightly greater than and slightly levs than zero. 
The slab is sketched in Future 22.55a. 


P(x)^M x, 'd I 


Figure 2255a 

EXECUTE: The charge distribution is symmetric about x - 0. so by symmetry E | .r) - £(-.r). Hut for i>0 the 
field is in the tx direction and for x < 0 the field is in the —x direction. At x - 0 the field can't be both in the 
•♦.rand -x directions so must tv zero. That is. E (x) --E (-xj. At point x - 0 this gives E t {0} - -E t {0| and 
this equation is satisfied only for E t jO) - 0 . 




(ijuix'fc Law 


22-21 


(b> IDENTIFY and SET Uf: |.v > d (outside the slab! 

Apply Gauss's law lo a cylindncal Gaussian uirfare whose axis is pcrpmdxular to Ibe slab and whose end caps 
have area A and arc Ibe some distance |«| > d from x • 0. as shown in Figure 22.55b. 


Kxt.mt:: . -2/11 



Figure 22.551> 



To find consider a thin disk at 
coordinate x and with thickness dx. as 
shown in Figure 2235c. Tlx charge 
within this disk is 
dq - pdV - pAdx -1 p lt Aid : 


Figure 22.55c 

The total charge enclosed bv the Gaussian cylinder is 


a.. = 2j > » {2flAId 1 >(' x-d, -{2P.AId'- Hrf*/3| = ip. Ad 


Then <!\ - gives 2£1 - IfaAdl^. 




E is directed away from r - 0, soi - {pjli 3*, .yV|.v|)j . 

IDENTIFY and SET L’P: |.v|<rf (inside the slab) 

Apply Gauss's law to a cylindncal Gaussian surfare whose axis is perpendicular to the slab and whose end caps 
have area A and arc the same distance |r|< d from x - 0, as shown in Figure 22.55d. 



Execute: . - 2EA 


Figure 22.55d 

is found as above, but now the integral on dt is only from 0 to v instead of 0 to d. 

G-. - 2f> - ( Ip.Ald- )j; x‘dx - {2p,A Id ')(»' /3). 


Then <!>, - ==± gives 2EA - 2p t Ai‘/\d‘. 




E is directed away from r - 0. so E - {pjt 3c,*/ 1 |i. 

Evaluate: Note thit E - 0 at X - 0 as stated in part |a). Note also that the expressions for |v| > d and |c|< d 
agree Uk x — J. 

12.56. IDENTIFY: Apply /‘ - qE to relate the force on q to the electric field at the location of q. 

SET L’P: Flux is negative if the elcclric field is directed into the enclosed volume. 
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22.57. 


Execute: (a) We could place two charge* -tOon either *klc of the charge +q . a* shown in Figure 22.56. 

(hi In order for tlic charge to be viable, the electric field in a ncighbixbnod around it must always point back to th: 
equilibrium position. 

(cl If q i* moved to infinity and we require there to be an electric field always pointing in to the region where q 
had been, we could draw a small Gaussian surface there. We would find that we ixcd a negative !lu.\ into the 
surface. That is. there has to h; a negative charge in that region. However, there is none, and so we cannot gel such a 
stable equilibrium 

(d) For a ixgativc charge to be in stable equilibrium, we need tfo: electee fiekl to always point away from the charge 
positicei. The argument in (c) carries through again, this time implying that a positive charge must h: in the space 
where the negative eharge was if siahV: equilibrium is to be attained. 

EVALUATE: If q rs displaced to the left or right in Figure 22.56. the net force is directed b*:k toward the 
equilibrium position. But ifq rs displaced slightly in a direction perpendicular to the line connecting the two charges 
0. then the net force cei q is directed away from the equilibrium position and the equilibrium is not viable fee such a 
displacement. 

~ - 

* Y * 

Q Q 

Figure 22.56 

p{r)-/\,(l-rlK) for rZR wb p{r\- 0 (ixrk R 

(a) IDENTIFY: The charge density varies with /invade the spherical volume. Divide the volume up into thin 
concentric shells, of rxlius r and thickness dr. Find the charge dq in each shell and integrate to find the total charge 
SET UP: The thin shell is sketched m Figure 22.57a 







Execute: The volume of such 

V \ 

a sbrll is dV ^ 4 xrdr 

\ \ \ 

Tlic charge contained within th: 

t+u*\ 

shell is 

/ £ 

dq - p\ r )dV - 4 xr'fc ( 1 - r! R ) dr 


Figure 22.57a 

The total charge Q in the charge distnbution is obtained by integrating dq over all such shells into which the sphere 
can be subdivxlcd: 

Q-\dq-\ A 4,t r : p v ( I - r>R)dr - 4 ap„j'{ r 3 -SfR)dr 
Q _ 4.t/>, I — - — I - \xp t J — - j - 4 .t p t ( R* /12)-4.r( 3 O'xR 1 H/?*/12 } = Q % as was to be shown 


(V>> IDENTIFY: Apply Gauss's law to a spherical surface of radius r. where r > R. 
SET l.»P: The Gaussian surface is shown in Figure 22.57b. 



Execute: <t> x - 




Figure 22.57b 


£ - 




. sanv as fee point cliarge of charcc Q 


(e> IDENTIFY: Apply Gauss's law to a spherical surface of radius r. where r < R: 
SET UP: The Gaussian surface is shown in Figure 22.57c. 



EXECUTE: 

<I», - £|4t»' ) 




Figure 22.57c 
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22.5$. 


The calculate the enclosed charge O m%l use the sjme technique a* in part <ak except integrate dq out tor rather than 
R (We want the charge that is inside radius r .) 

0- - J>^a( 1-7 K= 4j wJ.'| 


2“ ■ ‘"•[t -^1 ■ ‘"(ttj)" 4w ‘(r s 


Thus Gauss 

Or 


s law gives £(4*r*) - —| J 4 - 3^ 


£ - 


IxtJl 1 


^-lr*R 


(cl> The graph of £ versus r is sketched in Figure 22.5?d. 

£ 



dE 

(el When; the dortric field is a maximum.-0. Thus 

dr 


J 3r* 

- 4r --I - 0 so 4 - 6r/£ - 0 and r - 2R ’3. 

ic R 


At this value of r, E - 


2 R 


3 I 3.wJ« 


4^ /n 3 

EVALUATE: Our expressions for £(/*) for r < R and for r > R agree at r - R. The results of purt (cl fee the 
value of /where E(r) is a maximum agrees with the graph in port (d). 
iDEVnn: Apply Gauss's law. 

SET UP: Use a Gaussian surface that is a sphere of radius r and that is cooccntric with the spherical distribution of 
charge. The volume of a thin spherical shell of radius r and thickness dr is dV - 4 jzr'dr . 


< k 4 k j 

Execute: (a) Q - J p{r)dV - 4xjp{r)r s dr - 4^>, j 1 - — r dr - J r*dr - 


!'■* 


Q-izp 


'3 3K 4 ' 


Tlie total charge is zero 


lb) For r i R , i li dA - OzL - ). so £ - 
7 ^ 


(cl For r 


= £4®*=^ J V*'-jLjVVlr' 


nd 


(dl The graph of £ versus j* is sketched in Figure 22.58. 


(el When; E is a maximum. — - 0 . This gives -0 and r - — At this/. E - —Hi | - J. 

Jr - i. IcR “ 2 -V,H -J 12*. 
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Evaluate: The result in part (b) for r £ R gives E - 0 at r - R ; the field iv continuous at the surface of th: 
charge distribution. 

E 



22.59. 


22.60. 


IDENTIFY: Follow the steps specified in the problem. 

SET UP: In spherical polar coordinates d\ = r* sin 0 JO d$ r . j sin 0 JO Jf- 4.T 
Execute: <a> <l>. - f «• dA - -GW? t * «ndi.Ui.d _ 


(b) For any closed surface, mass OUTSIDE: the surface contributes zero to the flux passing through the surface. 
Thus the formula above holds for any situation where m is the mass enclosed bv the Gaussian surface. 


That is. <t> x - j g di - -4xC.l/. u . 

EVALUATE: The minus sign m the expression for the tlux signifies that the flux is directed inward. 
iDEvnn: Apply j g it 4 - -AxGM ^. 

SET Up: Use a Gaussian surface that is a sphere of radius r, concentric with the miss distribution. Let <2» / denote 
$*•«** 

Execute: (a) Use a Gaussian sphere with radius r > R , where is the radnis of the mass distribution, g is 
constant on this surface and the flux is inward. The enclosed miss is.I/. Therefore, <t> t - —g4xr~ - -4xG.lf and 

g - * . which is the same as for a point mass. 

r~ 

(b> For a Gaussian sphere of radius r < R . where R is the radius of the shell. A/ J|t - 0. ssi g - 0. 

(c> Use a (iaussian sphere of radius r < R , where R is the radius of the planet. Then A/ >fcl - irr 1 j - Mr 4 R . 


This gives «t> t - -g4xr : - - 4xGM mU - - 4.tG 



;md g = 


GMr 

IT 


, which is linear in r 


EVALUATE: Th: spherically synmetne distribution of mass results in an acceleration due to gravity g that is 
radical and thit depends only on /*, the distance from the center of the mass distribution. 

22 . 61 . <a) IDENTIFY: Use £|V ) fn>m Example l22.9)<iusidc the sphere) and relate the position vector of a point inside 

the sphere measured from the origin to thit measured from the center of the sphere. 

SET UP: For an insulating sphere of uniform charge density p and centered at the origin, the cleetric field inside 
the sphere is given by £ - Qt J »' 4»t t t R (Example 22.9L where t' is the vector from the eenter of the sphere to the 
point where £ is calculated 

Hut p - SOi R so this may be wntten as £ - prfS 4^. And ! is radially outward, m the direction of 
r\ so E = pf/S^. 
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22.62. 


For a sphere whose center rs located by vector b . a point inside the sphere and located by r k located by the vector 
r - r ~h relative to the center of the sphere, as shown in Figure 22.61. 



EXECLTC: Thus £ 


Ar-b 


EVALUATE: When A - 0 this reduces to the result of Example 22 .9. When r - h, this gives E - 0. which is 
correct sirxe we know that E - 0 at the center ot* the sphere. 

(b) IDENTIFY: The charge distribution can be represented as a uniform sphere with charge density p and centered 
it the origin added to a uniform sphere with charge density -p and centered at r = h. 

Set Up: /: = E mmkmm t £ » l4l . where is the field of a unifocmly cliarged spliere with charge density p and 

£ t-w is the field of a sphere located at the bole and with charge density - p . 1 Within th: spherical hole the net 
charge density is rp - p - 0 .) 

(* 


Execute: E 


whcTC f n 


vector trom the center of the sphere 




-r{r-b\ 


at paints insadc the hole. 


Then £ - — 


-/•ir-*! 


EVALLATE: £ is independent of r so is uniform inside the hole. The direction of E ms:dc the hole is in the 
direction of tlx vector b . the direction Iran the center of the insulating sphere to the center of the hole. 

IDENTIFY: We first find the field of a cylinder off-axis, then the electric field in a hole in a cylinder is the 
difference between two electric fields: that of a solid cylinder on-axis, and one otY-axis. at the location of the hole. 
SET UP: Let r locate a point within the hole, relative to the Axis of the cylinder and let r v locate thrs point relative 
to the axis of the hole. I.ct b locate the axis of the hole relative to the axis of the cvlmder. As shown in Figure 22.62, 

r'af-l . Problem 23.4K shows that at points within a long insulating cylinder. E = -— 


Execute: £ = — 


or' pir-6, 


E •£ 


<» «tf 


^ 2 *, 

Note that £ is uniform. 

EVALUATE: If tie hole is coaxial with th: cylinder, b - Oand £ . - 


or frtr - 6) ,>» 

2c 2 c, 2 c, 
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22.63. 


22.64. 


IDENTIFY: The electric field at each point » the vector sum of the fold* of the two charge distributions. 

SET UP: Inside a cohere of uniform positive charge. E - -—. 

3<, 


_Q _ 

IxR' " 4.rtf' 


so 


L* 


4.7 c,R 


directed away from the center of tbc sphere. Outside a sphere of uniform 


positive charge. E --—. directed away from the center of tbc sphere. 

4 

EXECUTE: (a) .r - 0. This point is inside sphere 1 and outside sphere 2. Th: fields are shown in 
Figure 22.63a. 




K . .. 0 , since r - 0 . 


4 .re/? 


Figure 22.63a 

Q O 

£> ■--— with r - 2R so E% ----. in the -x -direction. 

* 4re/** * I6r €.R S 


Thus E - 


♦ E - ---i. 

• 16.it.R- 


(b> .v - R: 2. This paint is inside sphere l and outside sphere 2. Each field is directed away from the center of the 
sphere that produces it. Th: fields are shown in Figure 22.63b. 

E. - —^— with r - R/2 so 

•*«,/? 

£,* _2_ 



E, 


e-e-e. 


ftith r - IR 2 so L - 


9sT tR 


m the 


* i'direction and E - - 


72 re,/?* 72re„/?* 

(c) x • R. This point is at tbc surface of each sphere. The fields have ojual magnitudes and opposite directions. so 

£T- 0. 

(d>.v - 3 R. This point is outside both spheres. Each field is directed away from the center of tbc sphere that produces 
it. The fields arc slxiwn in Figure 22.63c. 


Figure 22.63c 




with r -3R so 


l 7 i » 

g 


<? 


g 


Es --=— with r - R so E . - 


g 


£-£ 


K> 


[he 7 v direction and /: — 




i &r*jr i sre,/?* 

EVALUATE: The field of each sphere is radially outward from the center of the sphere. We must use the correct 
expression for /T(r) for each sphere, depending on whether the field point is inside or outside that sphere. 
IDENTIFY: The nd electric field at any point is the sector sum of the fields at each sphere. 

SET Up: Example 22.9 gives the electric field inside and outside a unifcemly charged sphere. Fee the positively 
charged sphere the field is radially outward and for the negatively charged sphere the electric fVrld is radially 
inward. 
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the field of a point choree 


<c) This poem is outside both spheres, at a distance r - R from their centers. Both fields an: in the ‘ .v-direction 


/TJ Is^fC 

(cl > This poont is outside both spheres, a drstance r - 2 R from the center of the left hand sphere and a distance 
r - R from the center of tlx right-hand sphere. The fxld of the left-hand splxrc is in the «.v-direction and the field 

___ * • I e el;- 1 Q el: -I K> : 


Execute: fa) At this point tlx field of the left-hand sphere k zero and the field of the right-hind sphere is toward 
the center of that sphere, in the »t-direction. This point is outside the right-hand sphere, a distance r - 2 R from its 

center. E = -t——— r . 

4r<, 4 R- 

<b) This poont is insnle the lefi-hand sphere, at r - R >’2 . and is outside the right-hind sphere, at r - 3X/2 . Both 
fields are in the f*dircctioa. 


of the nghi-hand sphere is in the —x-dircclion . 


EVALUATE: At all points on the x-axis the net field is parallel to the .r-axis. 

22.65. IDENTIFY: Let -dO he the electron charge contained within a spherical shell of radius t* and thickness dr '. 

Integrate / from 0 to r to find tlx election charge within a sphere of radius r. Apply Gauss's hw to a sphere of 
radius r to find the electrx field E (r) . 

Set Up: The volunx of the spherical shell is dV = 4 zr' : dr 7 . 

Execute: (a) Q(r) = Q-fpdi' = Q-2^5.fc 1 ’’'r 1 dr-Q-¥Lj VV*' ** 


di’ 


N,itc ifr 


0 <r> - Q-I&IW ~a‘r‘ - 2 a, - 2 ) , Q, i ”' WrlaJ + 2(rla,) + 11 

a .° 

0 (r) -♦ 0 ; the total net charge of the atom is zero. 


(b) Tlie electrx field « radially outward. Gauss's law gives E{4zr‘ ) - -- and 

E=l0e r r ' W r / a ») > + 2(r/a,>-» I). 

(c> The graph of E versus r is sketched in figure 22.65. What is plotted is tlx scaled /T. equal to E •' £ > y)ct>> . versus 

kO 


scaled r % equal to rfa .. /: 


EVALUATE: As r -> 0. the field approaches that of the positive point charge ftlx proton), for increasing r the 
electrx field falls to zero more rapidly than the 1 /r* dependence for a point chaise. 


Sretol / 

<100 0.50 IXO 1.50 2M 250 3.00 350 4.00 

figure 22.65 

22.66. IDENTIFY: The charge in a splxncal shell of radius / and thickness dr is dO - p\r \4xr : dr. Apply Gauss's law. 
SET L'P: Use a Gaussian surface that is a sphere of radius r. Let Q be tlx charge in tlx region r *1 R: 2 and let 
Q t be the charge in the region where R >2 £ r S R. 
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Execute: (a) The total charge is Q-Q.4 Q ,. where O - a *" lJ> and 


(b) For r S R/2. Gams'* law giver /:4xr : - ■ 1 " - and E - —-—— For K / 2 i r i ff . 

J 4 , 3«, ISw,* 

£4^ .&4 l[-r[«^ 81 - |r< - y *>] j and 

E " W) 16 *^ 1 ' * 48,r/J?l ‘ *'' * ip-< 64 < r / Jf )‘ - 4| W -" 

For > • A . £(4?r ! ) - ^ and /: - —2_. 

«. 4 «,r 

G_ i 4^l5»_ ± _„26- 
(> O 15 


„ , IW#' , SO 

Inerrforc. () -and a 


24 


' 


(d> For rZRll. F - - 




$zt.R 


T r . so the restoring force drpends upon displacement to the first power, arcl 


we have simple harmonic motion. 

(el Comparing to F - - 4r, X* - —_li— Then cu - *— 




and r-ii-2r |,S *^ 




15w,fl Y”. V 1 ***," ™. 01 

EVALUATE: <f) If the amplitude of oscillation is greater than /?; 2. the force is no longer linear in r f and is thus 
no longer simple hirmonic. 

22.67. IDENTIFY: The charge in a spherical shell of radius /• and thickness Jr is JO - pirWxr* Jr. Apply Gauss's law. 
SET UP: Use a Gaussian surface that is a sphere of radius i\ Let Q. be the charge in the region r S R: 2 and let 
Q t be the charge in the region where R t 2 S r S R. 

EXECUTE: (a) The total charge is Q - Q + Q % where Q = 4x f * ^!—Jr tlUl— - 2-zaR‘ and 

** 2R R 4 16 32 

fl * 4^0-<«>*,V Therefore. + S™*’ “ d 


dsoy 

2'l.rS 


Sex,' ISOGr* 


Ibl For r i R/2 . Gams'* law gives I: is,' - — | elf' - . and E - -——i-— For R12 iri.lt. 

t, 2R 2i.R 1 <n,It 2}3se,R 

<L,— 

*i 


- r, «. 21 SR 160 • 


EAsr' - 


i 4 mR‘ 4 xaR 


12-5 r 


1^*-—Lfi/iT-iZ-t-—l.fcrrl*, 


VR 


233« f/ ‘ I 3U I 5[R 


1920 I 


E 


4xrr 


* since all the charge is enclosed. 


(c> The fraction of Q between R! 2 SrSrt is^i- **' 


- 0.807. 


Q 120 233 


(d) E - »- -• using either of th: electee field expressions above, evaluated at r- R: 2 

EV ALUATE: (el The force an cVxtron would feel never is propixtional to -r which is nccevsary for simple 
harmonic oscillations It is oscillatory since the force is always attractive, hut it has the wrong power of r to be 
simple harmonic motion. 




Electric Potential 



23.1. IDBKIVY: Apply Eq.<23.2( to calculate the work. The declric potential energy of a pair of point charges is given 
hyEq.(23.9). 

SET L’P: Let the initial petition of q. be point a and the final position be point 6. at shown in Figure 23.1. 


r -0.150 m 



(T 


r k = J(0.250 ml* -f (0.250 mj 3 


K - 0.3536 m 


0250 n 

Figure 23.1 


Execute: W' =1/ 


1/ 0.-43,, 

4 4.TC r 0.150 m 


U --0.61K4 J 


L\ --= (8.988x10* N m* tC 

4 *f. r b 


:• ^.(^2.40x10* CK-4.30x 10 A C) 


3536 m 


L\ = -0.2623 J 


= -0.6184 J-(-0.2623 J) = -0.356 J 

EVALUATE: The attractive force on q. it toward the origin, to it doct negative work on^: when q; movet to 
larger r. 

23.2 . Identify: Apply IF^=£/ 4 -l/ A . 

SET up: b\ = t5.4x!0 • J. Solve for b\. 

Execute: = -l.9x 10 * J = t/ 4 -U A . L\ =(/. - 1F._* = 1.9x10 1 J -<-5.4 x io* J) = 7.3x io * J. 

EVALUATE: When th: electnc force does negative work the electrical potential energy increases. 

23.3. IDENTIFY: The work needed to atsemble the nucleus is the sum of the cktfrical potential energies of the protons 
in the nucleus, relative to infinity. 

SET UP: The total potential energy it the scalar sum of all th: individual potential energies, where each potential 
energy is U = (1 4.7<, M«/<?., i'r). Each charge is c and the charges are equidistant from each other, to th: total 

. . ... I If c : e'\ 3 

potential energy is 6 - — -t — ♦- —- 

4 ^^, \r r r) 4w 

EXECUTE: Adding the potential energies gives 

U**L- 411 60 - 10 11 r|:<9 00 r 10 ' N - m ' /Cl >^.46.,0 ‘ J - 2.16 MeV 
4 Jt€f 2.00 x 10 s m 

EV ALUATE: Thrt it a small amount of etvrgy on a nucrotcopic scale, but an the scale of atoms, 2 NieV it quite ; 
lot of energy. 
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23.4. IDEVIIFY: The work required es the change in electrical potential energy. The protons gain speed after being 
released because their potential energy is converted into kinetic erxrgy. 

(a) SET Up: Using the potential energy of a pair of point charges relative to infinity. V - <1< 4;rr o K^, /r). we have 

H'-MJmUj-U. * ** 


V r 

EXECUTE: factoring out the e‘ and substituting numbers gives 

W 


9.XxIO'N m J C J )(l.60x|0 * Ci 1-!---1——1-7.68x10 14 J 

" J V3 00xl0‘ ,5 m 200x 10 m ) 

(b> SET l.’P: The proton* have equal momentum, and since they have equal trusses, they will have equal speeds 
and hence equal kinetic energy. A U - K , + Af% - 2AT - 2) -«»* ] - «V*. 


EXECUTE: Solving for vgive* v^ J— - J . 7 - 6 ** . 10 —- - 6.7S x 10" m s 

nt 


1.67x10* kg 


EVALUATE: The potential energy may seem small (compared to macroscopic energies), but it is enough to give 
each proton a speed of nearly 7 million m ’x. 

23.5. <a) IDENTIFY: Use conservation of energy: 

+ * K { . + 

V for the pair of point charges is given by Eq.(23.9). 

Ski Up: 


r 4 - 22/1 nf* 

O* 


O ld point 41 be where q : ts 0.800 m from 
Vl q. and point h be where q . is 0.440 m 


r c ■ CU00 m 

* /* - 0400 rt\ 

Figure 23.5a 


Iromu,. as shown in Fieurc 23.5a. 


EXECUTE: Only the electric force decs work, so H* - 0 and U - 




4t<. r 

K. --<l.50« 10 1 kgM22.0 m »)' = 0.3630 J 
' M-x.tf N-dW)^ 0 * 10 ~ CM - 7 ,0 ‘ 10 '• ° - .0.2454 J 


r 




!fc—U&- .8,988.10 v N- dVC-' , < - MI " Ult "- ?K 0-'0'‘ l - •0.4907 J 




L'.4«.K m 


The conservation of energy cquition then gives K k - + -6*) 

Imvl ^ *03630 J ♦ <0.2454 J -0.4X7 J) -0.1177 J 


( 2<0.1177 J) 


" / |.50x 10 1 kg 


12.5 m s 


EVALUATE: The potential energy itxrcascs when the two positively charged spheres get closer togetta. » the 
kmetc energy and speed decrease. 

<b> IDENTIFY: Let point c be where q : has its speed momcntanlv reduced to zero. Apply conservation of energy to 
poants a and c. K* -f V 4 + -K + b \. 


Electric Potential 23-3 


23.6. 


23.7. 


SET UP: Points a and c arc shown in Figure 23.5b. 


I 


Q* ExBClJrc: s +0-3630 J (from part (a)) 

___T 6' - ^0 2454 J I from part (al) 


r - Mfi 


'r - ? 

Figure 23.5b 

A - 0 4 at distance of closest approach the speed is zeroi 


V - 


M: 


4i«, r 


Thus conservation of enemy A' -f 6' - 1/ gives 




Ire, r 


*03630 J * 0.2454 i - 0.6084 J 


;r. 


r , 1 ** S ^ 8 ,l 0 -N m -C ') | - :>0 - 111 0| - 7M, - !0 ‘ 0 -0.323 

- 4*r (( 0.60S4 J -t0.60$4 J 

EVALUATE: L r -+x> as r -> 0 so will stop no matter what its initial speed is. 

IDENTIFY: Apply U - k ami solve for r. 

r 

Setup: 4 >-72x10* C. <^*+2.3*10*0 

Execute: r^.L 8 ^^ 10 ' N ^ C |, - 7 - Q - 10 ‘ c » t2M<1 ^ . 0 . 3 , 2 -, 

(/ -0.400 J 

EVALUATE: The potential energy 6 ’ is a scalar and can take positive and negative values. 

(a) Identify and Set Up: V is given by Eq.(23.9). 

Execute: V - 1 ‘ M 
4£T, r 

L' =(S.9SKxl0* N mVC' >< " C *' 1 ~ '" ' f ’> = ,0.198 J 

0.250 m 

EVALUATE: The two charges arc both of the same sign so their electric potential energy is positive. 

(h) IDENTIFY: Use conservation of energy: A # -fL\ ♦ - K s + U t 

SET UP: Let point a be when: q is released and point h be at its final position, as shown in Figure 23.7. 


v - l) 

h ExcctTH: K a = 0 

7>* • " •’ V, = ,0.198 J (fit! 


- 0 I released fn>m rcstfr 
i from part <a» 


= W 


Figure 23.7 

1 q(> 

Only the electric force docs work, so W A%m - 0 and U - -— 

4^4;, r 

(ri k = 0.500 m 


[A - = (8.988" I0‘ N •m : .'C‘10 ‘ C„l.20. .0 ‘ C, _ , Q ^ , 

* 4r«, r . 


0500 nt 

Then AT. *11' «*.' *(/, gives K, = (/-(/, and ±<irv:=t/ -I/, ami 


* = 0 - 2 ^ = 1 ^ 1981 - 0.0992 1 , „ , 6 ,. m ,_ 

^ 2.80x10 ’kg 

(li) - 5.00 m r, is now ten times larger thin m (t) so U. a ten times smaller: L\ - ,0.TO2 J/10 - *0.00992 J 


p’O.I 98 J- 0009992 J, = 367 m > . 

“ •' 2.80x10 ke 
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23JL 


23.9. 


23.10. 


(iii) j; -50.0 m 

r K is dow ten lures larger than :n (ii) so Us is ten times snvillcr 


U ^ +0.01992 J. 10 - +0.000992 J. 


_ p-O.I9KJ-0.000^2 J) e375[ ,„ 

k \ ui V 180x10 4 kg 

EVALUATE: The force between the two charges is repulsive and provides an acceleration to q. This causes the 
speed of q to increase as it motes away from O. 

Identify: Call the three charges l. 2 and 3. U -U ki +6'^ +6’,, 

SET UP: U l3 = L T 2i - U l% because the charge* are equal and each pair of charges has the same separation. 0.500 

r- 3fca* 2 *<l. 2 x 10 *Cr 

Execute: V -:--^0.07S j. 

0.500 m 0.500 m 

Evaluate: When the three charges arc brought in from infinity to the corners of the triangle, the repulsive 
electrical forces between each pair of charges do negative work and clo^rical potential energy is stored. 

Identify : , l£i , M: 


SET UP: In part (a). r ti - 0 200 m . r, - 0.100 m and r it - 0.100 m. In part <b| ki pirticlc 3 have coordinate r, so 
r ti » 0.21X1 m. r n = .r and r a = 0 2CXI -x. 

Execute: (.) 6- J '** 0nC|, - V00 nCl . ,4 °°"E" 2 - 00 "9 +' J 
l ( 0 . 200 m| ( 0.100 m) ( 0 . 100 m) • 


lb) If U - 0, then 


0 - k | —— t tLli - Ji-L- I Solving for x we find: 




Y 


0 - - 60 + — - —-=> 60x' - 26x + 1.6 - 0 => x * 0.074 m. 0.360 m Therefore, x - 0.074 m since it is the only 

x 0.2 - x 

value between the two charges. 

EVALUATE: u n is positive and both u it and U X1 arc negative. If V - 0. then Jt.’, 4 1 - + |^ii| , or 

.v = 0.074 m . I/ (1 = ?9.7 «10~ ! J. t/ a --4JxlO ’ I anil U c » -S.4-10 ' J. ll luruclhal U = 0 Jllhu.r. 
IDENTIFY: The work done on the alpha partarlc ts equal to th: ditVerencc in its potential energy wbro it is moved 
from the midpoint of th: square to the midpoint of ooc of the sides. 

SET UP: We apply the formula IT 4h4 - L\ -L\. In this case, a is the center of the square and h is the midpoint of 
one of the sides. Therefore W „. v - U^^ 

Then: are 4 electrons, so the potential energy at the center of the square is 4 hires the potential energy of a single 
alpha electron pair. At the center of the square, the alpha particle is a distance r t - ^50 nm from each electron At 
the midpoint of the sid:. the alpha is a distance j\ ™ 5.00 lun from the two nearest clcclrcms and a distance r 2 — 

Vl25 nm from the two most distant electrons. Using the formula foe the potential energy (relative to infinity) of 
two point charges. U - tl/4.T<Mw l( ^'). the total work is 




4«, r 


_\ 2 J 


Lr2 


4.74 r ; 4.74. r 


Substituting q, ” «• and it* - 2** and simplifying gives 




4X4., 


2 ( I 

— + - 

r\ ;* 


EXECUTE: Substituting the numerical values into the equation fee th: week gives 




[tin 



6.08x10* j rrr 


EVALUATE: Since the work is positive, the system has more potential energy with the alpha [xirticlc at the center 
of the *juare than it docs with it at the midpoint of a side. 




Electro Potential 23-5 


23.11. 


23.12. 


23.13. 


23.14. 


IDENTIFY: Apply l:q.(23.2). The net work to being the charges in from infinity is equal to the change in potential 
energy. The total potential energy is the sum of the potential energies of each pair of charges, calculated from 
E«K23.9). 

SIT Up: Let 1 be where all the charges arc infinitely far apart. Let 2 be where the charges are at the comers of the 
triancV:. as shown in Figure 23.11. 



Let q be the third, unknown charge. 


Execute: w - -\v ^ -<L\ -</.) 


b\ -<V 


+CA« —— 
J •* * “ 4 xtd 


[■?’-* 2 W .) 


Warn W - 0. io «• - ~(0\ -U,) givet 0 = -V. 






q' -> 2 qq, - 0 and q, - -q! 2 . 

EVALUATE: The potential energy for the two charges q is positive arxl fee c:xh q with q. it is negative. There are 
two of the q. q. terms so must have q t < q. 

IDENTIFY: Use conservation of energy V 4 + - L\ + K t to find the distance of closest approach r K . The 

force is at th: distance of closest approach. F = *JS$l 


nui vimiBift 


38x10 m. 


SlT Up: - 0. Initially the two protons ore far opart, so U m - 0. A proton has mass 1.67 x 10 kg and charge 

9 = +* = ,|.60>IO'* C. 

Execute: K.=V k . 2(iini;>=*ii.. m.; -i— and 

r . r, 

tr ! (8.99x10' N m : C’XI.60x10'"C)’ 

' ” Im- (1.67x10 ‘ kgKl OO-10" m'*| J 

(8.99.10' N mVC 1 . ' ‘ ^' i(> ° - 0.012 N. 
r; (1.38x10 " CC 

EVALUATE: The acceleration a - Ffm of each proton produced by this force is extremely large. 

IDENTIFY: E points fn>m high potential to low potential, - Y^-Y t .. 

<h> 

SlT Up: The force on a positive test charge is in the direction of E. 

EXECUTE: V decreases in the eastward direction. A is east of fl. so \\ > Y t . C is cast of A, so Y c < Y t . The force 
cm a positive test charge is east, so no work is done on it by th: clcctnc force when it moves due south (the force and 
displaremcnt are perpendicular l. and V :> - V A . 

Ev aluate: The eloclric potential is constant in a direction perpendicular to the electric field. 

IDENTIFY: —1 V 4 - \\. Foe a point charge. V - — 

r 

SlT Up: Each vacant comer is the some distarxe. 0.200 m. Iran each point charge. 

EXECUTE: Taking the origin at the center of the square, the symmetry* means that the potential is the same at the 
two comers rxit occupied by the +5.00 f/C charges. This nxans that no rxl work is dime is moving from one corner 
to the other. 

EVALUATE: If the charge q moves along a diagonal of the square, the clcctrxal force docs positive work for part 
of the pith and negative work fee another part of the path, but the net work dooc is zero. 
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23.15. 


23.16. 


IDENTIFY and SET UK Apply conservation of energy to points A and B 
Execute: K t + U A - K g +U M 
V-<,V. mi K, + qV. * K, ' qV t 

K t - K, -t 9(1’, - l',l - 0.00250 I + (-5.00-10 * CM200 V-800 V)»0.00550 J 
v, - JlKym - 7.42 m< 

EVALUATE: It is faster at B; a negative charge gains speed when it moves to higher potential. 

ir 

IDENTIFY: Hie work*energy theorem says IE f| - K % - K a —„ - V\-V y 


SET IP: Point u is the starting and point h is the ending point. Since the fWld is uniform. 

H' m ^ - Fxcoxf - /.Ji/|rcosd* The field is to the left so the force ext the positive charge is to the left. The particle 
moves to the left so ^ - 0 J and the work IP ^ is positive. 

Execute: (a) fr^***-*, = 1.50x10^3-0*1.50x10* 3 

|b> y - V % - 10 j \ - 357 V. Point a is at higher potential than point b. 


23.17. 


W V* — P \r 

(c> ALU - H .mi A - , V 1 _1 -____ - 5.95-10 1 V'm. 

T*F ' 6 . 00 - 10 ‘m 

EVALUATE: a positive elurge e-ims kinetic energy when il move* to lower potential: I’, < I'. 

IDENTIFY: Apply the equation that precedes I:q.|23.l7): ^ EM. 

SET IP: Use coordinates where +y is upward and +.t is to the right. Then E = £j w ith £ - 4.00 * I0 4 NC. 
<ai The path is sketched in Figure 23.17a. 



"I *> 

Figure 23.17a 


Execute: A ut - (A^‘| (</-/> - 0 mi ir - q j' A ,11 - 0. 

EVALUATE: The electric force on the positive charge is upward (in the direction of the electric field) and docs no 
week for a horizontal dispiaccnxnt of the charge. 

(h) SET IP: The path is sketched in Figure 23.17b. 



a i 

Figure 23.17b 


=4/ 


Execute: A J - itj) ■ t<l\j) - Ed? 

K - - <t J. ^ - y. ) 

y k -y # - -t0.670 m. positive since the displacement is upward and w*c have taken ry to be upward 
- 9'A(r. ('28.0-10 v CM4.00-10* N'C)(-0A70 ml = r7_50« 10^ i. 

EVALUATE: The electric force on the positive chuge is upward so it docs positive work for an up^*ud 
displarcmcnt of the charge. 
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(c) SET Up: The pith is sketched in Figure 23.17c. 



y^O 

y\*-rs\nO - -(2.60 m|sin45°- -1.838 m 
The vertical component of the 2.60 m 
displacement is 1.83K m downward. 


Figure 23.17c 


EXECUTE: iH = dxi + d\j <Thc displacement has both horizontal jnd vertical compocvnts.i 
E itt -(Ej)-(dti ♦ dyj) = Edy (Only the vertical component of the displacement contributes to the week.) 

K .. -* j *B-di - q'E\'dy - q’E(\\-y.) 

(»->’.)“<+2*0*10 *CX4.00x 10‘ N.CH-I.S3S m) =-2.06x10'' I. 

EVALUATE: The electric force on the positive chirgc is upward so it docs negative week for a dtsplaccnvnt of the 
charge that has a downward component. 

23.18. Identify: Apply A'„ ^ K,+V>. 

SET UP: Let q x - +3.00 nC arxl q s - +2. (XI nC. At point a % r^-r^- 0.250 m . At point h . r; k - 0.100 m and 
-0.400 m . The electron has q --c and w -9.1 lx 10 11 kg . K a «0 since the electron is released from rest. 

Execute: -*2l-*3l»-*2l-!2u.L 1v 2. 

*i. 'i. «1* »» 2 

C)f P ° < ?‘ 10 ' C .* ♦ ■ ^ 0> -‘ 10 ' C ' 1 ■ -2.S8X10 " J. 

\ 0.250 m 0.250 m ) 

60. .0 - c/H2!ilI2_^2 - ^£,00-20^ | _ ± = _ s 04 «.0 ' I . 

\ 0.100 m 0.400m 2 2 


Selling E. = E, givet * A - ^__1___(S04 x 10 " J - 2.SK x 10 *’ J) ^ 6.S9 x 10* m/t. 

Evaluate: \\ = V u t *1K0 V. K fc - J* + V& = 315 V. V 0 > F,. The negatively charged ckxtron gains kmetic 
energy when it moves to higher potential. 

ka 

23.19. IDENTIFY and SET IIP: For a paint charge V -. Solve for r. 


_ kci (8.99x10* N m : iC J X2.50xI0 “ Q _ ro , . 

Execute: (a) r ■ - —--= 2.50x 10 m = 2.50 

V 90.0 V 

(h) Vr - kq - constant so V x r x - \\r ^. r* = r, I ~ I - (2.50 mm || / | - 7.50 mm . 


EVALUATE: The potential of a positive charge rs positive and decreases as the distance from the point charge 
increases. 

23.20. IDENTIFY: The total potential is the scalar sum of the individual potentials, but the net electric field is the vector 
sum of the two fields. 

SET Up: The net potential can only be zero if erne charge is positive and the other is negative, since it is a scalar. 
The clectrv field can only be zero if the two fields pcxnt in opposite direclxms. 

EXECUTE: (a) (i t Since both charges have the same sign, there are no points for w hich the potential is zero. 

(ill The two electric fields are in cfipositc directions only between the two charges, and midway between them the 
fields have equal migiutixlcs. So E - 0 midway between the chirgcs. but F is never «o. 

<ht(it The two potentials hive equal magnitude but opposite sign midway between the charges, so V - 0 midway 
between the charges, but E < 0 there since tlv fields point in the simc direction. 

(ill Between the two charges, the fields point in the same direction, so E cannot be zero there. In the othrr two 
regions, the field due to the nearer charge is always greater than the field doc to the more distant chirgc. so they 
cannot carvel. Hence E is not zero anywhere. 

EVALUATE: It does not follow that the clcctnc field is zero wlvre the potential is zero, or that the potential is zero 
where the electric field is zero. 
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23.21. 


23.22. 


iDcvnvY: v - Y— 

4.TC, . r t 

SET Up: The locations of the changes ami points .1 and B an: sketched in Figure 23.21. 



y -<S.9SKxlO* N in'.C') 

• 0.050 m 


-6.50 «10 * C 
0.050 m 


- -737 V 



V, - (S.9S8x 10* N • m'/C ! ) 


.2.40 • 10“ C 
0 OHO m 


.- 6S0>I ° V< a -704V 
0.060 m ) 


<c> IDENTIFY and SET l>: Use Eq.(23.l3) and the results of parts (a t ami (b> to calculate IF 
Execute: W^ a =q\V M -K 4 »=(2.50x 10^ CX-W V-(-737 V)) = 441.2x10 * J 

EVALUATE: The ckvtric force docs positive woefc on the powlive charge when it moves train higher potential 
(poant B) to lower potential (point A). 

IDENTIFY: For a point charge, V •—-. The total potential at any point is th: algebraic sum of the potentials of the 

r 


two charges. 

Set UP: (at The positions of the two 



1 ? 


Execute: <b) \\ -2 
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<tl) The graph of V versus x u sketched in figure 23.22b. 
V 



much greater than their reparation, tfo: two chuger act like a single point charge. 

23.23. IDENTIFY: for a point charge. V - —. The total potential at any point b the algebraic rum of the potential* of the 

r 

two charges. 

SET Up: I'al The positions of the two charges arc shown xn figure 23 23. 

Execute: (b) o. 

r r 

<c> The potential along the v axis is always auo. so a graph would be flat. 

<d) If the Iwo charger are interchanged, then the results offt) are! (cl still hold. The potential is zero. 

EVALUATE: The potential is zero at any point on the .r-axrs because any point on the .t-axis ir equidistant from the 
two charges. 



23.24. IDENTIFY: For a point chugc. V ~ — - The total potential at any point is th: algebraic sum of the potentials of the 

y 

two charges. 

SET Up: Consider the distances from the point on the y*a.\is to each charge for the three regions -aS i'So 
(between the two charges), y > a (above both chugcr ) and y < -a (below both charges). 

—i2-is4^. 

(a+y) («->•) y -o ’ <* +y> }—* ?-* m 

- iq tq 2 kqa 


EXECUTE: (a) I vl<<r:l' 

l <-aiV 


(aty) <-y + a) /-a* 

A general expression valid for any r is V = k I-— 


13—"I 

(hi The graph of I'versus y Ls sketched in figure 23.24 

(d > If the charges are intervhaneed. then the potential is of the ccipoate sign. 
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23.25. 


EVALUATE: V = 0 at y - 0. V —> +x> at the positive chnru.c it approarhed and V —> -<& at th: negative charge is 
ipproarhed 



Figure 23.24 


IDENTIFY: Foe a point charge, V -- . The total potential at any point is the algebraic xum ot’thc potentials at* the 

r 

two charges. 

SET UP: ta t The positions of the two charges arc shown m liuurc 2.125a 


D 


lot x>a:V*—~ 

.t x — 


2 kq - kq(x + a) 


Mx-a* 


Figure 23.25a 

2 kq M3I-4T) 


<x<a:V~ — - 

x a-x xix-a > 


x < 0: V = —— _ ±l!_—lii A general expression valid for any v rs !'=*{—- 

x x-</ x{x-a) * 11*1 l*“ 

(c> The potential is zero at x = - a and a ''3. 

(d) The graph of V versus .y is sketched in Fiuure 23.25b. 






which is the same as the potential of a paint charee q. Far from 


Evaluate: <el For x»a:V * —2_ -_ 

X* X 

the two charges they appear to be a point charge with a char ee that is the algebraic sum of their two charges. 
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23.26. 


23.27. 


23.2*. 


23.29. 


IDENTIFY: Foe a point charge. I' - —. The total potential at any poult is the algebraic sum of tb: potential of the 

r 

two charge*. 

SET UP: H>c distance of a point with coordinate i from the positive charge is h i and the distance from the 


negative charge is r - Ja’ + v 
Execute: ut 1 


1 - : 

I .'I >• [\y\ S I777) 

(b) V - 0 . when y 1 - —--> iy* - a‘ z* y -1 ~ 

4 VJ 

|c| Tlie graph of V versus y is sketched m Figure 23.26. V -> <» as the positive charge at the origin is approached. 
EVALUATE: (d I y » a:V *kq (-L - — 1 - - ilL, which is tlie potential of a point charge -q . Far from the two 

l y y) y 

charges they appear to be a point chirge with a charge that is the algebraic sum of their two charges. 

V 





Identify: k, + qV„ = A'* + qV >. 

SET UP: Let point a be at the cathode and let point b be at the anode. K A - 0. - V m - 295 V . An electron has 

q - -rand m ^9.11x10°' kg. 

Execute: K t - yj - -(1.60 < 10 ” ch - 295 V) = 4.72 x lo *’ J. K, ~ io»2.«. 


(2« 47 2 <| 0"l | ., 0 , || o, 

* 1)9.11-10 "kg ‘ 

Evaluate: The negatively charged clcctnvn gains kinetic energy when it moves to higher potential. 
IDENTIFY: For a point charge, E - and 

SET Up: The electric field is directed toward a negative charge and away from a positive charge. 
Execute: (b)F>0 so o>0. L. - ’ - - I tL ! !—\-r. r- . 1 - 0.415 m 




•/p 


12.0 V m 


Ib>^^- < 0 ' 4I5 "?H 1^ V> .230x10^ C 
k 8.99x10' N m' C* 

(cl q > 0 . so tlie eleclrx field « directed away from the chirge. 

EVALUATE: The ratio of V to E due to a point charge increases as the distance r from the charge increases, because 
E falls off as \fr' and V falls oft* as 1 tr . 

(a) IDENTIFY and SET UP: The direction of E is always from high potential to low potential so point b is at 
higher potential. 

(hi Apply IIq.f23.l7) to relate V tK -\\ to E. 

Execute: V\ - V s = -J*£ • df »J '*Edt ^ E(x t . - x t ). 

*;-r +240 v 


L = 


v ( - x 0.90 m - 0.60 m 


V m 
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<c> ... « - y. t = (-0.200 X10 * ex +240 V) = -4.S0x 10 * J 

EVALUATE: The electric farce doc* negative work on a negative charge when the negative charge moves from 
high potential (poent 6) lo low potential (point <j). 

23.30. IDENTIFY: For a point charge, V - —. The total potential at any point is the algebraic sum of the potentials of the 




two charge*, lor a paint charge. L - _uJ . the net electric held is the vector sum ot the electric fields ot the two 

r* 

charges. 

SET UP: E pastured by a paint charge is directed away from the point charge if it is positive and toward the 
charge if it is negative. 

EXECUTE: (a) 1'^ >0. so f'is zero nowhere except for infinitely far from the charges. The fields can 

cancel only between the charges, because only there are the fields of th: two charges in opposite directions. Consider 

k<) *< 20 > 


point a distance x from () and d - x from 20. as shown in I i cure 23.3Cu. A - E 


Id-O 




X - 


__ The other root. »• —ii-w. does not lie between th: charges. 

j'. 


|b> V can be zero in 2 places. A and B. as shown in Figure 23.30b. Point A is a distance .r from -{) and d -x from 

20 . B is a distance y from -Q and d -f v from 20. At A : - - 0 -» a* - J/3 . 

x d -x 


dll: «ZCl + *m s 0->y = d. 

y d + y 

The two electric ficldx arc in opposite directions to the left of -Q or to the right of 20 in Figure 23.30c. But for the 
magnitudes to be equal, th: point must be closer to the charge with smaller magnitude of charge. This can be the 
ease only in the region to the left of -Q . E 0 - E^ gives ^ are! x - .j! .. 

EVALUATE: (dl E and Tare not zero at the sam: places. E is a vector and V is a scalar. E is proportional lo l/r* 
and V k proportion! 1 to Mr . E is related to the force on a test charge and Al' is related to the work done on a test 
charge when it moves from one point to another. 

O 20 -Q 2Q 




Figure 23.30 


!W 


23.31. IDENTIFY and SET UK Apply conservation of energy. I!q.f 23.3). Use Eq.<23.12) to express V in terms of V 

(a) EXECirm: K x +qV % « K s + <ft] 

q(r,-V,)*K,-K,; ,, = -1.602x10 * C 

AT, = =4.099x10 ' J; K, = -2.915x10 " J 

9 

EVALUATE: The electron gains kinetic energy when it moves to higher potential. 

<b> FJUXtTK: Now AT, -2.915x10 " J.A.\ -0 


K-V, A ~ — ‘ - tlS2 V 
9 

EV ALUATE: The electron loses kinetic energy when it moves to lower potential. 

23.32. IDENTIFY and SET Up: Expressions for the electric potential inside and outside a solid conducting sphere are 
derived in Example 23.8. 

EXECUTE: (a) This is outside the sphere, so V ‘ —— 65.6 V. 

r 0.4S0 m 

<b> This is at the surface of the sphere, so V — --———— 131V. 

(1.240 m 

(cl This is inside the sphere. The potential has the same value as at the surface. 131 V. 

EVALUATE: All points of a conductor arc at the same potential. 
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23.33. 


23.31. 


23.35. 


(a) IDENTIFY and SIT UP: The eicclric field i>n the ring's axis is calculated in Example 21.10. The force on the 
electron exerted by this field is given by Lq.l 21.3). 

EXECUTE: When tlie cleclron it on either »de ot’tbc center of the rag. the ring exerts an attractive force directed 
toward the center of tlx ring. This restoring force produces oscillatory motion of tlx electron along the axis of tlx 
ring, with amplitude 30.0 cm. The force on the electron is hoj of the form F - -kx so the oscillatory motion is not 
simple harnxinvc motion. 

(b> IDEVITFY: Apply conservation of energy to the motion of tlx election. 

SET UP: K 4 + U m - K k + L\ with a at the initial po»tHin of the electron and b at the center of tlx ring. From 
I Q 

Example 23.11. V -- where R is tlx radius of the nng. 

***> Jx* + R 2 

EXECUTE: x m = 30.0 cm. x h - 0. 

- 0 (released from rest), K t . 

Tluis Imv' = U -U k 


And U ■ qV *-eV so i 




, -L - £ ~ (8.988x10* M-m J .'(?')■ . F _ 

4 *‘, J(0.300 m) 1 »(0.150 m)* 


V -643 V 


V, — -- - (8.988« 10' N m’/C’ l ~ L£ l ! _ 1438 V 

Jsi + R ! 0150 m 


v».d£tl2. F-MZx.O- CM 1438 V :&13 Vj _ , ^ ^ 

9.109x10 11 kg 

EVAl.l’ATE: The positively charged ring attracts tlx negatively charged electron and arceleratcs it. The electron 
has its maximum speed at this paint. When the electron moves past the center of the ring the force on it is opposite 
to its motion and it slows down 


IDENTIFY: I:\ampV: 23.10 show's that for a line of charge. V - V --—ln(r/r ). Apply coitservatirei of energy 

2a< . 

to the motion of the proton 

SET UP: Let point a be 1H.0 cm from the line and let point h be at the distance of closest approach, where K k - 0 . 
Execute: <a> A*.-i«v ; = ±<1.67xlO J ' kgMl-S0.10‘ mil 1 = 1.88x10 fl I. 


Ib> K+iVmK t *iV k . r-K 


K t - A, _ -1.88x10 - J 


__ -0.01175V. tnlr./r ) -I |(-0.01175 V) . 

1.60x10 rr cT ' * i 1 


,.: ,2,..-OOII75 v >| 0|S o _ 2^,,0. 0I ■ 75 V> ;|>|sgln 

' • '( /. ) y 5 00-10cm 


EVAlXATE: The potential increases with decreasing distance from tlx line of charge. As the positively charged 
proton approaches the line of charge it gains dec local potential energy and loses kinetic energy. 

IDENTIFY: The voltmeter measures the potential difference between the two prints. We must relate this quantity to 
the linear charge density on the wire. 

SET UP: For a very long (infinite.i wire, the pntcntul difference between two punts is Af - --ln(j; fr A ). 

Execute: (a) Solving for /. gives 

575 V 


lAQ2«j. _ 

(l8.IO'NmVC , )ln 


3.50 cm 

2.50 cm 


- 9.49 x 10 ‘ C m 


(b) The meter will read less than 575 V because the electric field k weaker over this 1.00 cm distance than it was 
over the 1 . 00 -cm distance in part (a). 

(cl The potential ditVcreixc is zero because both probes arc at the same distance from tlx wire, and hetxe at the 
same potential. 

EVALUATE: Since a voltmeter measures potential difference, we ore actually given A F. even though that is not 
stated explicitly in the feobiem. Wc must also be careful when using the formula for the potential difference because 
each r is the distance from the cenier of the cylinder, not from the surface. 
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IDENTIFY: The voltmeter reads the potential difference tdween the two points where the probes arc plarcd. 
Therefi>rc we must relate the potential difference to tlx distances of these points from the center of the cylinder. Tor 
poants outside the cylinder its electric held behaves like that of a line of charge. 

SET t’P: Using AC - -l—kifc /r,) and solving for r h . we have r k - ; . 


2x9.00x1 


Execute: The exponent is - v 9.Q )y l |)> N-nT ' V 064K .which ^ 

15.0x10 Cm 

r* - (2.50 cm) c l - 4.7S cm. 

The distance above the xutface is 4.78 cm - 2.50 cm - 2.28 cm. 

EVALUATE: Since a voltmeter measures potential difference. we are actually given A \\ even though that is not 
stated explicitly in the problem. We must also be careful when using the formula for the potential difference because 
each r is the distance from the t enter of the cylinder, not from the surface. 

IDENTIFY: For points outsxlc the cylinder, its electric field behaves like that of a line of chirge. Since a voltmeter 
reads potential dilTcrence. that is what we need to cakuUtc. 

SET Up: The potential difference is AF - —— ki(/; fr ,). 

2 /r<, 

Execute: (a) Substituting numbers gives 

AV =-i_ln(r»/r.)- (8.50- 10 * C.m)(2x9.<)0*10’ N •m'Vc'Jlij j 

At' - 7.82 x 10' V - 78,21X1 V - 78.2 kV 

lb) E - 0 inside the cylinder, so the potential is constant there, meaning that the voltnxter reads zero. 

EVALUATE: Caution! The feet that the voltmeter reads zero in port 4 b) does not mean that V- 0 inside the 
cylinder. The electric field is zero, but the potential is constant and equal to the potential at the surface 
IDENTIFY: The work required rs equal to tlx change in the electrical potential energy of the charge-ring system. 

W’c need only look at the beginning and ending points, since the potential datVerence is independent of pith for a 

conservative field. 


SET UP: (a) W - AC r - q\V - q{ -— -1> 

l 4iTA’. il 


23.39. 


EXECUTE: Substituting numbers gives 

AU - <3.M x 10’’ CM9.00 x |0‘ N • nr’c’llS.OO x 10 ‘ Ch'(0.04M ml - 3.38 J 

<b) We can take any path since the potential is independent of path. 

(c) SET UP: The net fonre is aw ay from the ring, so the ball will accelerate away. Fncrgv conservation gives 
EXECUTE: Solv ing for »* gives 


EVALUATE: Direct calculation of the work from the electric fxld would be extremely difficult, and we would need 
to know the path followed by tlx charge. But, since the electric field is conservative, we can bypass all this 
cakuhtion Just by looking at the end points (infinity and the center of the ring) using the potential. 

IDENTITY: The electric field is zero everywhere except between the plates, and in this region it is uniform and 
points from tlx positive to the negative plate (to the left in Figure 25.32). 

SET UP: Since the field is uniform between the plates, tlx potential increases linearly as we go from left to nght 
starting at h. 

EXECUTE: Since the potential is taken to he zero at the left surface of the negative plate (a in Figure 23.32). it is 
zero everywhere to the left of b. It increases linearly from h to c\ and renxuns constant (since E - 0) past c. The 
graph is sketclxd in Figure 23.39. 

EVALUATE: When tlx electric field is zero, the potential remains constant but not necessarily mo las to the right 
of c). When tlx elcctnc field is constant, the potential is linear. 


2(3.3S J) 
0.00150 kg 


-67.1 ms 



V 



Figure 23.39 
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23.40. IDENTIFY and SET up; For oppositely charged parallel plate*. A' - rr.’c, between the plate* and the potential 
difference between the plates t* V = Ed . 

Execute: ^l- 470 “°‘ C ' ,W .5J.0N/C 

<b> V - Ed - (5310 KCM0.0220 m) - 117 V. 


13.4 L 


(el The electrx field stag’s the same if the scparatxm of the plates doubles. The potential difference between tbc 
plate* doubles. 

EVALUATE: The clo^ric field of an infinite slwet of charge is uniform, independent of distance from the sheet. 

The force on a test charge between the two plate* i* constant because the electric field is con*tant. The potential 
ditTerence is the w»>rk per unit charge on a test charge wh:n it move* from ooc plate to the other. When the distance 
double* the work, which is force time* distance, doubles and the potential ditTerence double*. 

IDENTIFY and SET UP: Use the result of Example 23.9 to relate the electric field betw een tbc plates to the potential 
difference between them and their separation. The force this field exerts on the partarlc is given by Fq.(21.3). Use 
the equation that precedes Lq.(23.l7) to calculate the work. 

EXECUTE: (a) From Example 23.9. E —-——-80(Xt V.m 

d 0.0450 m 

|b> E - |g|£ - (2.40x 10 v C>8000 V/m) - -fl .92 x 10 * N 

(cl The clectrx* field between the plates is shown xn Figure 23.41. 

■F ♦ F ♦ ♦ 


U 


Figure 23.41 

The plate with positive charge (plate rr> is at higher potential. The electrx field i* directed from high potential 
toward low potential lor. E is fn>m ♦ charge toward - charge!, so E points from 4 to b Hence the force that E 
exerts on the positive charge is from a to b. so it dies positive week. 

ff - £ A dl - Arf. where d is the separation between the plates. 

W - Fd -(1.92 x 10 5 N)0.045(1 m)= -tS.64x 10 ' J 

(dl V m - \\ = -+360 V (plate a is at higher potential! 

AU = V k ^ q{\\ - FJ - (2.40 x 10^ CX“360 V) - -K.64x 10 : J. 

Evaluate: Wc see that =■ 

23.42. IDENTIFY: The electric field is zero inside the sphere, so the potential is constant there. Thus the potential at the 
center must he the sanx a* at the surface, where it is equivalent to that of a point charge. 

SET UP: At the surface, and hence also at the center of the sph^c. the tick! is that of a point-charge. 

E*Q:U3t t R). 

EXECUTE: (a) Solving for Q and substituting the numbers gives 

Q- (0.125 mMISOO VVI9.00- 10 4 N m : 'C J |-2.0K« 10*C-208nC 

<b> Since the potential is constant insid: (h: sphere, its value at the surface must be the same as at the center. 

1.50 kV. 

Evaluate: The electric field insxlc the sphrre is zero, so the potential is constant but is not zero. 

23.43. IDENTIFY' and SET UP: Consider the electric field outside and insid: tbc shell and use that to deduce the potential 
Execute: (a) The electric field outside the shell is the same as for a point charge at the center of the shell, so the 
potential outside the shell is the same as for a point charge; 


V -— for r>R. 

flic electric field is zero inside the shell, so ixi work is done on a lest charge a* it moves inside the shell and all 


poonts insid: th: sh:ll arc at the sanx potential as the surface of the shell: Y - 




for rZR. 


(b> so 


RV (0.15 mX-1200 V> 


-20 nC 


A t 

(cl EVALUATE: No. the amount of charge on the sphere r* very small. Sinrc V M qV the total amount of electric 
energy stored on th: balloon is only 120 nCMI 200 V) - 2.4 x 10 J. 
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23.44. 


23.45. 


23.46. 


IDENTIFY: Example 23.8 shows that the potential of a solid conducting sphere is the .same at every point inside the 
.sphere and is equal to its value V - qt 2 jtc,R at the surface. Use the given value of /: to find if. 

SET Up: For negative charge the electric field is directed toward the charge. 

For points outside this spherical charge distribution the field is the some is if all the charge were concentrated at the 
center. 

Execute: - <»«»N/CM0.200m,- M „ I0 -. c . 

4rv- S.99» 10 Nm'.'C 

Since the field is directed inward, the charge must he negative Th: potential of a point charge, taking x is zero, is 

y-^t— ■^- |, 'N-- : f : M-l.69 ; l QT, _ v a , )hc ^ , h( %phcre Slncc I|K charge all 

4.T4J 0.200 m 

on the surface of a conductor, the tick! inside the sphere due to this svmnxtrical distribution is zero. No wojk is 
therefore done in moving a test charge from just inside the surface to the center, and the potential at the center must 
al» be -760 V. 

EVALUATE: Insxlc the Sphere the electric field rs zero and the potential is constant. 

iDEVnFY: Example 23.9 shows thxt V{y) - Ey . where y is th: distance from the negatively charged plate, whose 
potential is zero. The cicclric Held between the piitcs is uniform and perpendicular to the plates. 

SET UP: V increases toward the positively charged plate. /: is directed from the positively charged plated toward 
the negatively charged pLitc. 

Execute: (a) E - L . — 2.82-10' V.m ji*J I' - —. r - 0 at y - 0. V - 120 V ai y- 0.43 cm. 

J 0.0170 m E 

y - 240 V' al y - 0.85 cm . V - 360 V al >• - 1.28 cm and 1-480 V al v -1.70 cm . Ihc cquipolcnti.il uiifacm 
are sketched in Figure 23.45. The surfaces are planes parallel to the plates. 

<bt The electrx field lines are also shown in Figure 23.45. The field lines arc pcrpcndxular to the plates and the 
cquipotential lines arc pamllel to the plates, so the clcctnc field lines arxl the equipotential lines arc mutually 
pcrpcixlicular. 

EV ALUATE: Only differences in potential have physical significance. Letting V - 0 at the negative plate is a 
choice we are free to make. 


V — 120 V V-MV 



V-0V V - 240 V V-480V 

Figure 23.45 


iDEVmY: By the definition of electric potential, if a positive charge gains potcntul aking a path, then the 
potential along that path must have increased. The clcctnc field produced by a very large sheet of charge is uniform 
and is indepetxlent of the distance from the sheet 

<a) SET Up: No matter what th: reference point, we must do work on a positive charge to move it away from the 
negative sheet. 

Execute: Since we must do work on the positive charge, it gams potential energy, so the potential increases. 

<b> SET UP: Since the electric field is uniform and is equal to rrfte* we have AF - Ed - — d. 

2 ‘, 


Execute: Solving for d gives 


2*AV 2(8.85x10 ,J CVN nrkl.OOV) 


- 0.00295 m - 2.95 mm 


5.00x10 Cm 


Evaluate: Since the spacing of fhe equipotential surfaces <J- 2.95 mm) is indepmdent of the distance from the 
sheet, the equipotential surfaces arc planes parallel to the sheet and spaced 2.95 mm apart. 
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23.47 


23.48. 


23.49. 


iDEVnn' and SET UP: Use Eq.(23.19) to calculate the components of £ 

EXECUTE: V - Axy - Bx' +• Cy 

la) I:. - - '-1— — -Ay *■ 2B.i 

cy 

* -f ■” 

(b> £ = 0 requires that £ - £ - £. =0. 

£ -0 everywhere. 

£, = 0 *« x = -O/i 

And £. is also equal zero for this x. any value of z. and y = 2£.r ’.4 = <2A//fX-0/l) = -2BGA*. 
EVALUATE: V doesn't depend onr so £ -0 everywhere. 
iDEvnn: Apply Eq.<21.19K 

SET Up: Eq.(21.7) say< E - —!—lllr is the electric field due to a point charge a. 

4.7C, r A 


Execute: u, E =-tL^-L |_ 


A{2r 


Simihrly. £ - izi. and £ 

r r 


(b> From part (a), - *2r. which agrees with Equation (21.7». 

EVALUATE: V is a scalar. £ is a vector and has components. 

IDEVnn and SET Up: For a solid metal sphere or for a spherical shell, V ; LL outside the sphere and V ; — at 

r R 

By 

ill points insiik the sphere, where R is the radius of the sphere. Wbm the electric field is radial. £ - — 

<V 

Execute: (a) (i) r <r : This region rs inside both spheres, V - — -11 - kn -L-J_ I 


r r 


i r 


(ii> r < r < r : This regicoi is outside the inner shell and insiik the outer shell. V - — - —- - ko — - — 


r r 


r r , 


(iii) r>r % ~. This rcgxm is outside both spheres and V -0 since outside a sphere the potential is th: same as for point 
charge. Therefore the potential is the same as for two oppositely charged point charges at the suite location. These 
potentials cancel. 

(Mr.1 “ d *'.= 0 -” 

**** 1 4 **>. I'. 


|c) Between the spheres r.<r<r and K = faj|—£ 11 ' I 1 1 


__ , 1 * 

<> 4x<. 7 v\ r r.) 4.™p 






(d| From Equation (23.23): £ - 0. since V is constant (zero) outside the spheres. 

(el If th: outer charge is different, then outside the outer sphrre the potential is no longer zero but is 

V - —1—1 - _J_i! _J —£i. All potentials inside the outer shell are Just shifted by an amount 

4x4^ r 4x4, r 4 zt t r 

Q 


V «- 


Therctore relative potentials withm the shells arc not affected. Thus |h| and <c) do not chinec 


r s 

However, now that the potential docs vary outside the spheres, there is an electric field there: 


EVALUATE: In port la) the potential is greater than zero for all 


r **. r. 
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23.50. 


23.51. 


23.52. 


IDENTIFY: Exercise 23.49 she ms that V - ka — - — tor r < r % > - k« - - — tor r <r< / ami 


r r 




SET Up: /T - — . radially outward, for r Sri/; 


Execute: <a> v 


K) 


51X1 V gives ii - 


iOQ 


1012 in 0.096 m 


7.62x10 " C 


<b> r - Owl’- 500 V . The inner nxtal sphere is an cquipotential with V - 500 V . - - — ^ -L . V - 400 V at 

/* r fuf 

145 cm. F = 300 Vat r = I.SScm. V * 2CX1 V at /*^2.53cm. F-100V at r*4.00 cm, F^Oat 
r - 9.60 cm . The cquipotential surfarcs are sketched in Figure 23.50. 

EVALUATE: <c> The cquipotential surfaces are coocentric spheres and th: electric ficki lines an: radial, so the field 
lines and cquipotential surfaces arc mutually perpendicular. The cquipotcntials are closest at smaller/*, where the 
clcctrx field rs largest. 



IDEYIIFY: Outside the cylinJcr it is equivalent to a line of charge at its center. 

SET UP: The ditYcrenec in potential between the surface of the cylinder (a distance R from the central axrs l and a 

general point a distance /* from the central axis is given by AK-1-—Wr//?) . 

2.T4, 

EXECUTE: (a) The potential ditTcrence depends only »>n r. and not direction. Therefore all points at the same value 
of r will he at the same patcntial. Thus the cquipotential surfaces arc cylinders coaxial with the given cylinder. 

<b) Solving AF-— ln(r R) for r\ gives r - Re : " 1 . 

For 10 V. the exponent is (10 V)ft2 x 9.00 x 10* N mVCKLSO x 10 * Cm)] - 0.370. which gives r - (2.00 cm) 
t al7t - 2.90 cm. Likewise, the other radii arc 4.20 cm (for 20 V) and 60S cm (for 30 V). 

<c> Ar, - 2.90 cm 2.00 cm - 0.90 cm; Ar : - 4.20 cm - 2.90 cm - 1.30 cm; Ajj - 6 .0X cm 4.20 cm - l.&K cm 
EVALUATE: As wc can see. Ar increases, so the surfaces get farther apart. This is very different from a sheet of 
charge, where the surfaces axe equally spiced planes 
IDENTIFY: The electric field is the negative gradient of the potential. 

dv 

SET UP: E t - -— . so E, is the negative slop: of the graph of F as a function of*. 
dx 

EXECUTE: The graph is sketched in Figure 23.52. Up to a, V is constant, so E t “ 0. From a to b, V is linear with a 
positive slop:, so E K is a negative constant. Past h . the F* x graph has a decreasing positive slope which approaches 
zero, so E, is negative and approaches zero. 
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EVALUATE: Notice that an increasing potential docs not necessarily mean thxt the ekclric field is increasing. 

E t 



23.53. <ai llOTirV: Apply the work-energy theorem. Eq<6.6). 
SET UP: Points a and h are shown in Figure 23.53a. 

h 



800 era b 

Figure 23.53a 


Execute: H’ u -aA - K t - K - K t - 4.35* 10’ J 

The clcclne foree F t and ihc additional force F both do work. *o tliat )!_ - r IT . 

»', - =435x10 'J -6.50.10'j--2.15.10‘j 

EVALLATE: The forces »>n the charged particle are shown in Figure 23.53b. 

9 F 

^-•-► 

Figure 23.53b 


The electric force is to the left (in the direction of the clcclr*: field since the particle has positive charge!. The 
displ&rcmcnt is to the right, so the electric force does negative work. The additional force F is in the direction of the 
displacement, so it dors positive work. 

<b> IDENTIFY and Set Vn For the work done by the electric force, IF w - ?(F - V h ) 

Execute: r - v k _ . : l ^ 11 J - -2.83* io ; v. 

q 7.60* 10 C 

EVALLATE: The starting point (point <i) is at 2.83x10' V lower potential than th: ending point (point h). Wc 
know that K > V because the electric field always points from high potential toward low potential. 

(cl IDENTIFY: Calculate E from K, - \\ and the separation d bclwccn the two points. 


SET Up: Since the electric field is uniform anti directed opposite 
d - 8.00 cm is the displacement of the particle. 

If* k K-K -2.83xl0‘V 


the displacement W’ - -F\d - -qEd. where 


EXECUTE: L - - 


[*54x10 V m 


G.OSOO m 


EVALLATE: In part (a). IF 4 » the total work done by both forces In parts fb» and <c| H\ ^ is the work dooc just 
by the clcctnc f<»ccc. 

23.54. IDENTIFY: The electric force between the electron ami proton is attractive and has magnitude F ~ ——. For 

r~ 


circular motion tbc acceleration is - vfr . V - 

Setup: *^1.60*10 ,v C. IcV = 1.60x10"* J. 
J Ike 


I. 


EXFXLTE: i a i 


— and I* - 

i mr 


b> K «iW ■ i— - --V 

2 2 r 2 
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(c» f-A 


I *(1.60x10 “C)' 

’ 5.29-10 in 


-2.17-10 " l = -13.6eV 


EVALUATE: The total ccxrgy is negative so the electron is bound to the proton. Work must be danc on the 
clcctrvei to take it far from the proton. 

23.55. IDENTIFY and SET Up: Calculate Ihc component* of E from Eq.(23.19). Eq^2l.3) gives F from E. 
Execute: (a)l'-r>'‘ 


C = Ylx“ ^ 240 V/(I3.0< 10 ' m)' 1 - 7.S5-10* V’m" 


<b> £ = -iL _ -ler 1 ' = -(1.05-10’ Vm* V ' 
ax 3 

Tlie minus sign means that E t is in the -x ‘direction, which says that E points from the positive anode toward the 
negative cathode. 

(et f = qE so F % ■=. -*£. ^ ±eCx v 1 

Halfway between the electrodes means x - 6.50x10 ' m. 

F *4(1.602x10 'CH7 85x!0 4 V/m 4 *1(6.50x10 m>* 1 -3.13x10 li N 


f is positive, so the force is directed toward the positive amxic. 

EVALUATE: V depends only on.r. so £ - E = 0. £ is directed from high potential iamxJe l to low potential 
(cathode I. The electron lias negative charge, so the force on it is directed opposite to the electric field. 

23.56. IDENTIFY: At each point to and h ). the potential is the sum of the potentials due to both spheres. The voltmeter 
reads the difference between these two potentials. T \k spheres behave like a posit charges since the meter is 
connected to th: surface of each one. 

SET UK (a) Call a the point on the surface of one sphere and b th: point on the surface of the other sphere, call r 
the radius of each sphere, and call d the center*to-ccnter distance between the spheres. The potential difference V+ 
between piints a and b is then 

v,- *•„- V; - * f 1 -i| 

6r%l r d-r (r d-rj] 4xc u [d-r r) 


EXECUTE: Substituting the numbers gives 


Vs V*- 2(175 pC)(9.00x 10 v N m^ lj 


&.750 


0.250 


- -S.40 x 10* V 


23.57. IDENTIFY: 


23.58. 


The meter reads K.40 MV. 

(b> Since V* - is negative. Kj > Ft, so point a is at the higher potential. 

EVALUATE: An easy way to sec that the potential at a is higher than the potential at b is that it would take positive 
wock to move a positive test charge from b lo a since this charge would be attracted by the negative sphere and 
rcpcIVxl by the positive sphere. 

[■ - 

r 

SET UP: Light charges means there arc S(8 -1)/2 - 28 purs. There are 12 pairs of q and -q separated by d. 12 
paint of equal charges separated by %'2t/ and 4 pairs of^ and -q separated by . 

EVALUATE: (bl The fact that the electric potential energy is less than zero means that it is energetically favorable 
for the crystal ions to be together. 

IDENTIFY: For two small spheres. U - > '* f *' For part (b) apply conservation of energy. 


SET Up: Let q t - 2.1X> /iCand q , - -3.50 fjC . Let r. - 0.250 m and j; 
Execute: 


tt <S.99xlO* N m 3 € J X2.«lx!0* CX"3.50x10 ‘ C> A t 
(a) C 1 •--0.252 J 


&.25Q 


lb) AT a =0.£/ a =0. U m - -0.252 J . K, +L\ - gives AT,=0.252J. £ 4 -i*n'j.sa 
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EV ALUATE: At the sphere move* away, the attractive electrical force exerted by the other sphere does negative 
work and removes all the kinetic energy it initially had. Note that it doesn’t matter which sphere is lurid fixed and 
whsch it shot away; the answer to part (b) is umtVcctcd. 

23.59. <a| IDENTITY: Use Eq. 423 .IO) for the electron and each protoic 

SET Up: The positions of the particles arc shown in figure 23.59a. 



Figure 23.59a 


r -(1.07 x 10 ■ m)/2 -0.535 x 10 1 m 


Execute: The potential energy of interaction of the electron with each proton it 




(-0 




. so the total potential energy is 


tf-JfL-- ai - 9IWK|0 ' N ^ --S.60» 10 •• I 

0.535x10 ”m 

V = -8.60 x 10 J(1 cV/1.602 x 10 ,v S) = -53.7 cV 

Evaluate: The electron and proton have charges of opposite signs, to th: potential energy of the system is 
negative. 

<b> IDENTIFY and Sirr l.*P: The positions of the protons and points a and h arc shown in Figure 23.59b. 

r 4 = r = 0.535x10 " m 



Apply K 4 *f L r # -t lf A< - t 6 ' A with point a midway between the protons and point h where the electron 
instantaneously has v = 0 (at its nviximum displacement d from point a). 

Execute: Only the Coulomb force docs work, to W^ m - 0. 

U m - -8.60x 10 ’ J (from part (a)) 

= 4n*t* = 7 ( 9 .109x 10 11 kg)(l.50x10* ia?%? =1.025xlO* 11 J 

a>o 

U % a - 2 ke*/r h 

Then * K m +U m - A a = 1.025 x 10 “ 3-8.60x10 a J =-7.575x 10 11 J. 

Nm'.C-Xl160.10 ‘ C)> ^ 075 „ 0 . m 
b\ -7.575x10 J 

Then = ^'<6.075x10 1 m) -(5.35x10 " m> ; = 2 . 88 x 10 11 m. 

EVALUATE: The force on th: electron pulls it hick toward the midpoint. The transverse distance the electron 
moves is about 0.27 times the scpiration of the protects. 

23.60. IDENTIFY: Apply JV, *0 and £/\ - 0 to th: sphere. The electric force on th: sphere is F < - qE . The 
porential ditVcrcrxc between the plates it V = Fd . 

SET Up: The free-body diagram for the sphere is given in Figure 23.56. 

Exec ute: Tcc*0*mg and T%in0 - gives F, - mgtnnO - (1.50x 10 1 kg*9.80 m/s‘|tan(30 c )= 0.0085 N . 
_ r v '<i a u Fd (0.0085 N)|0.0500 m) 
d cf 8.90x10 C 
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Evaluate: £ - Vfd - 956 V *m. £ ^ a/*, and a= S.46 x 10 v C/m* 

T 



Figure 23.60 

23.61. (a) IDENTIFY: The potential at any point is the sum of the potentials due to each of the two charged conductor*. 
SET UP: From Example 23.10. for a coodixting cylinder with charge per unit length A the potential outside the 
cylinder is given by V - (X > 2 0 Tc t )k\ir t >r) where r is the durance from the cylinder .axis and r § is tlx drstance from 
the Axis for which we take V - 0. Inside the cylinder the potential has the sanx value ax on the cylinder surface. The 
electrx field rs the sanx for a solid conducting cylinder or foe a hollow conducting tube so this expression for V 
applies to both. This probVrm says to lake #; - b 

EXECUTE: For the hollow tube of radius h and charge per unit length - X : outsxle V - -<X 2.Tf iln</i.'r); inside 
F - 0 since U -0 at r -6. 

For the metal cylinder of radius a and charge per unit length X ,: 

outsxle V >H/2^)h#/r), insxlc V = (X/2^ ) ln(bi'a% the value at r^a. 

(i) r < a; inside both V = (^/2t<;)Id (b/a) 

<ii> a < r < 6; outside cylinder, inside tube V - (XtZr^ >ln (b/r) 

(iii) r >b ; outsxle both the potentials arc equal in magnitude and opposite in sign so V - 0. 

<b> For r V 0 =(A/2*+)lD(i>/a). 

For r = 6. F 4 »0. 

Thus V+ » V m -V % -</.2.t<, )ln(A» 'uy. 

(cl IDENTIFY and SET Up: Use Eq.(23.23) to calculate £ 

Execute: E = -*±1 - -J-J-ln (-1,- -±J r -\\ -±\- 

rV Zrc t €t \r) 2 JZ€ u \h){ r‘) ln(6/<?)r 

<d) The electrx field between the cylinders is due only to tlx inner cylinder, so V+ is m>t changed. 

V+ -(^«’2.T<,)lnt6/j) 

Evaluate: The eleetnc field is not uniform between the cylinder*. so 1'^ * E(b- *r). 

y . | 

23.62. IDENTIFY: The w ire and hollow cylinder form coaxial cylinder*. Problem 23.61 gives £(r) - 
SETUP: a ^145x10* m. b^ 0.0180 m. 


In(6/<i)r 


Execute: L 


-i:-and U = £ In ( ha)r ^ (2.00 * 10 4 N7C Mint 0.01S m f\ 45 x 10 * m))0.012 m - 1157 V. 

In* bja ) r 

EVALUATE: The cketric field at any /* is directly proportional to the potential ditference between the wire aixl the 
cylinder. 

23.63. Identify and SET UP: Use Eq<2l.3)tocakub*c F and then F*md gives a. 

EXECUTE: (a) F t -qE. Since q - is negative F t and £ an: in opposite directions; E is upward so F k is 
dowmvard. The magnitude of F t - is 

t\ -(1.602.10 " C)(I.I0«I0‘ MC)- 1.76x10 “ N. 

<bl Calculate the acceleration of tlx electron produced by the electrx force: 

F 1.76x10 *N 


1.93* 10 ins’ 


m 9.109x10 kg 

EVALUATE: Thts is much larger than # - 9.80 m s*, so the gravity force on the electron can be neglected. f k is 
downward, so a is downward. 

(c> IDENTIFY' and SET UP: The arceleration is constant and downw ard, so the motion is like that of a projectile. 
Use the horizontal motxm to find the time and then use the time to find the vertical displacement. 
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Execute: i •compocxnt 

- 6.50x11/ m s: u. - <>, x - x„ - (1.060 m; < = ? 

.r-x, - v« 4 l -f •tf.r* and tlx <a 4 term is zero, so 

x-x, 0.060 m rt _, t t 

f-----9.231 x 10 's 

v i4 6.50x11/ nv's 

component 

v- =0. a, = 1.93x10" nrt 1 ; l -9.231x10 * raft; y-v.-3 



y - y. = v f -t- itf • 

y-v, - i(1.93x 10 * ms*K9.231xlO • %f = 0.00822 m ^ 0.822 cm 

(dl The velocity ami its components u the elect ro n leaves the plates are sketched in Figure 23.63. 

v, - v i# - 6.50 x 10* m s (since - 0) 
v = % + oJ 

r = 0 + <1.93xl0" mV'K9i3U10*i) 

“ ’ \\ - 1.782 x I0‘ mi 

Kijture 23.63 

V. 6.50x1 O'* m s 

EVALUATE: The greater the electric field or the smillcr the initial speed tlx greater the downward deflection. 

(el IDENTIFY and SET UP: Consider the motion of the electron after it leaves the region between the plates 
Outside the plates there is no clcrtric field, so a - 0. (Gravity can still be ixglcctcd since the electron it traveling at 
such high speed ami the times are small.) Use the horizontal motion to find the time it takes the electron to travel 
0.120 m horizontally to the screen. From this time find the distance downward that the electron travels. 

Execute: icompmxnt 

Vj 4 —6.50x10* ms: <i. -0. x-x o ^0.120m; f = ? 
x -x, - Y u l *f and tlx a k term is term is zero, so 
x-x t 0.120 m 

f-L-- l.S46x 10 s 

v u 6.50x11/ mfe 

r-component 

v 4t = 1.782 x 10" m s (from part (b)); a ( - 0. r - 1 .846 x 10 ' m s; y - y # - ? 

>— y, =*■„»♦ '-of =(1.782x10* fi'SHI K46-10* *> = 0.0329 m = 3.29 cm 

EVALUATE: The electron travels downward a distance 0.822 cm while it is between the plates ami a distance 
3.29 cm while traveling from the edge of the plates to the screen. The total downward deikclion is 
0.822 cm *3.29 cm - 4.11 cm. 

The horizontal distance between the plates is half the honzontal distance the electron travels after it leaves the 
plates. And the vertical velocity of the electron increases as it travels between the plates, so it mikes sense for it to 
have greater downward displaccnxnt during the moticn after it leaves the plates. 

23.64. IDENTIFY: Tlx charge on the plates ami the electric fiekl between tlxm depend on the potential ditTerenee across the 
plates. Since we do not know the numerical potential, we shall call this potential I'ami fiml the answers in terms of V 

a Qd 

(a) SET Up: For two parallel plates, the potential difference between them is F - Ed - d - —— 

K C > A 

EXECUTE: Solving for O gives 

Q - c,A Vfd = (8.85 x 10 12 C*N nf K0.030 mf I '10.0050 m) 

Q- 1.59Fx 10 12 C- I.S9FpC,wben V is in volts. 

(b) E - V/d- F.fO.OOSO m) - 2OOF Vm. with Fin volts. 

(c> SET UP: Energy conservation gives - cF. 

Execute: Solving fix i gives 

2eV |2(1.60«10 " C|»' , „ 

- - 5.93-10 V • ml. with V in volt* 

9.11x10 kg 

EVALUATE: Typical voltages in student laboratory work run up to around 25 V, so the charge on tlx plates is typically 
about around 40 pC, the electric field is about 5X0 VVnu and the electron speed would be about 3 million m s. 
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23.65. (a) IDENTIFY and Set Dp: Problem 23.61 derived that £- 


. where a it the radius of the inner cylinder 


In [hiayr 

(wire ) ami h is the radius of the outer hollow cylinder. The potential difference between the two cylinders is V^, 
Use this expression to calculate £ at the specified r. 

Execute: Midway between th: wire and the cylinder wall is at a radius of 
r = (<r -t 6>2 » <90.0x 10 ‘ m ♦ 0.140 m>>2 - 0.07001 m. 

V I 50.0x10* V 


t- 


-9.7lx 10 Vra 


In [bfa) r knO 140 m - 90.0 x 10 m*0.07004 m) 

<b) IDENTIFY and SET Vn The electric force is given by Eq.(21J). Set this equal to ten times the weight of the 
particle and solve for |y|. the magnitude of tbc charge on the particle. 

Execute: F c sl0ivig 

klc.10^ bU—121 300 * 10 ‘ k f 9 K0 m *'* - 3.03 ».o" c 

141 M £ 9.71 -10 V m 

EVALUATE: It requires only this nxnicst net charge fee th: electnc force to be much larger than the weight. 

23.66. (a) IDENTIFY: Calculate the potential due to each thin ring and integrate over the disk to find the potential, fis a 

scalar so no components are involved 

SET Up: Consider a thin ring of radius \ and width dv The ring has area 2xydy so th: charge on the ring is 
dq - ailxydy). 

EXECUTE: The result of Example 23.11 then says that the potential due to this thin ring at the point on the axis at a 
distaixc .v from the nng is 

da 2x7 ydy 


if- 


lr ‘. Ji'' * i' ■•«> Jx’ty 




«i 


V* +y 

Evaluate: I'or t»R this nttilt Oimld reduce li> tlx- polcnlial of a poiiu charge with Q - axR' 

yji' +R‘ - .v(l + R‘!x‘) , ! *nl- R l l2x‘ > *o yjx- * R- -x»R‘l2x 

„ a R‘ axR : Q 

Then V * --—. asexpreted. 

2*. 2x 4*« r r 4.Tc,.v 

(b) IDENTIFY and SETUP: Use Eq.(23.l9> to calculate £. 

_ r- dV a( x j 7.rf 1 I 

Execute: £ - -— - ; - -11-—1 — - 

t \<Jx : +R : ) 2«Ax JJ + R* 

EVALUATE: Out result agrees with Eq.f 21.11) in Example 21.12. 

23.67. (a) IDENTIFY: Use -V^fti-dt 

SET Up: from Problem 22.48, £(r) - — A> — for ri/? (inside the cylindrical charge distribution) and 

2<t< R* 


for r 2 R. Let V - 0 at r- R (at the surface of the evlinder) 


£ 0 )--- 

2»V 
Execute: r > R 

Take point d to be at R and point h to be at r. where r > R. Let dl = dr. F. and dr are hath radially outward so 
F dr - Edr. Thus V k -V, -J Edr. Then V t -0 gives V A - - f Edr. In this interval (r>R i, £(r) - ?.i2x c,r. so 


,_—Lf^—Lin;L 

>*lx€r 2.7 i'*r 2.7< I R 


2 x€j 2 x€ v * * r 2x4 v 
EVALUATE: This expression gives I' - 0 when r-R and the potential decreases (becomes a negative number of 
larger magnitude) with increasing distance from the cylinder. 
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EVALUATE: All ibe charge of the nng is the same distance a from the center of curvature. 

23.71. IDENTIFY: We must integrate to find th: total energy hrcaixse the cixrgy to bring in more charge depends on the 
charge already present. 

SET IJP: lf/7 be the uniform solum: charge density, the charge of a spherical shell oc radius r and thickness dr is dq 
• />4x)' dr. and /?- (>’<4'3 jt/T). The charge already present in a sphere of radius /• is q - /f4/3 The energy to 
bring, the charge dq to the surface of the charge q is Vdq. where V is the potential due t oq. which rs 4.Tc,r. 

EXECUTE: The total energy to assemble the entire sphere of radius R and charge () is sum (integral l of the tiny 
increments of energy. 

where we have substituted p~Q>\4& nR > and simplified the result. 

EVALUATE: Tor a point-charge. R -> 0 so U —> <K % which means that a point-charge should have infinite self* 
energy. This suggests that either point-charges are impossabV:. or that our present treatment of physies is not 
adequate at the extremely small scale. oc both. 

23.72. IDENTIFY: V 4 -F # - J E-dl . Th: electric field is radially outward, so E d! m £ dr . 

Set Up: Let a =<x>.*o V -0. 

•* 


23.73. 


23.74. 


kO 

EXECUTE: From Example 22.9. wv have th: following. For r > R :E - — and 


For r<R \E -and V - - 




«{ R R 2 




, R 2R 2 R 2 R R\ 


<b) The graphs of Fand £ versus r are sketched in Figure 23.72. 

EVALUATE: For r<R the potential depends on the clectrx field xn the region r to r n . 



IDENTIFY: Problem 23.70 shows Ihit V. = —^—(3 - r'/R > foi r £ R and V. - lor riR 

isv 

Setup; I', = — r, - —_ 

&rt,R 4.T t,R 

Kuan.: <u) - 1', - 

n.TffC 

<b> If Q > 0. V is higher at the center. If Q< 0 f Fix higher at the surface. 

Evalu ate: For Q > 0 the electric field is radially outward. E is directed toward lower potential, so V is higher at 
the center. If Q< 0 , the elcdric field is directed radially inward and f is higher at the surface. 

kq 

IDENTIFY: For r <c . £ - 0 and the potential is constant. For r>c,£ix the same as for a point charge and V -- 

r 

Set Up: F = 0 


Execute: (a) Points a. b. and» are all at the same potential, so F, - F A = V k - F - I' -1' - 0. 

r-y-!l |N ‘-"- | "' N ”•••'•■» 11:50 ' 1,1 1 1 

‘ * R 0.60 m 

<b> They arc all at the same potential. 

<c> Only V - F would change; it would h: -2.25 xWV. 
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EVALUATE: The voltmeter reads the potential Jiflerer.ee between the two points to which it is connected. 

23.75. IDENTIFY and S»:r UP: Apply F, - -dU dr and Newton’s third law 

EXECUTE: (a) The electrical potential energy for a spherical shell with uniform surface charge density and a poant 
charge q outside the shell is th: same as if the shell is replaced by a point charge at its center Since F - - dV jdr % 
this means the force th: shrll exerts on the point charge is the sanx as if the shell were replaced by a point charge at 
its center. Hut by Newton’s 3 ,J law. the fcecc q exerts on the shell is the same as if the shell were a point charge But 
q can be replaced by a spherical shrll with uniform surface charge and the force is the *ime. so th: force between the 
shells is the sunc as if they were both replaced by point charges at their centers. And since the force is the same as for 
point charges, the electrical potcntul ecxrgy for the pair of spheres is the sanx as for a pair of poant charges. 

<b) The potential for solid insulating spheres with uniform charge density is the same outside of the sphere as for a 
spherical shrll, so the same result holds. 

<c) The result doesn't hold for conducting spheres or shells because when two charged conductors are brought close 
togctlxr. the forces between them causes the charges to redistribute and the charges arc no longer distrdmled 
uniformly over the surfaces. 

EVALUATE: For the insulating shells or spheres. F - and U . where q and q. arc the charges of 

r* r 

the objects and r is the distance between their centers. 

23.76. IDENTIFY: Apply Newton's second law to calculate the acceleration. Apply conservation of energy and 
conservation of monxntum to the motions of the spheres. 

r k the distance betw een their centers. 

Execute: Maximum speed occurs when the sptxrcs are very far apart. Energy conservation give* 

—— - • Momentum conservation gives m^v^ - iu and v to - . r - 0.50 m. Solve Uk v 

and v lW : \\ t - 12.7 m/s. i\ M - 4.24 m/s . Maximum acceleration occurs Just after spheres arc released. IF - ma 


SET It: Problem 23.75 shows that F 


and V -—. where q and q : are the charges of the objects and 

r 


gives 




(9x10 N•m“/C J HI0’ 4 C)(3xl0'*C) 

- -1 - • <0.15 kg)i, u . a IU/ - 72.0 m/% arxl 

(0.50 


0^=3^ = 216 mV*. 

EVALUATE: The mi>rc massive sphere has a smaller acceleration and a smaller final speed. 

23.77. IDENTIFY: Use Eq.<23.17) to calculate V+. 

SET Up: From Problem 22.4.1. fc»r R £ r S 2R {between the sphere and th: shell) £ - Qf 
Take u at and f? at 2£. 


Execute: 


-f 


£dr = 


4«. 1 


i a dr 


4t c. 


4 2K 


EVALUATE: The electric field is radially outward and poonts in the direction of decreasing potential, so the sphere 
is at higher potential than th: shrll. 

23.78. Identify: V - V = ( £ 


SET Up: /: rs radially outward, so E df = E dr . Problem 22.42 shows that £(r) - 0 for r S a . £(r) = iq.' r 1 for 
a<r<h % £(r) - 0 for h<r<c and £(r)for r >c . 

Execute: (a) At r = c: V - -\—Jr - —. 

\ r * c 

(b) At r = 6: K=-f£ dr-[E-dr- — -0= — 

It c c 

(c) At r-tr: \\ = - j E dr - \e dr - Je dr = i-i^i 


(d) At r - 0: V. 


since a 11 insid: a inclal inhere, aikl thus al tlie same potcntul as ils .surface. 


EVAI.HIK: The potcntul difference between Ihe two conductor* is V - V. - tu\ - 

•u b 




21 - 2 * Ompter 23 


23.79. IDENTIFY: Slice the rod into thin slice* and use E:q.<23.14) to calculate the potential due to ex-h slice. Integrate 
over the length of the rod to find the total potential at each point. 

<a) SET Up: An infinitesimal slice of the rod and its distance from point P are shown in figure 23.79a. 


r* 

✓ 


; ♦ a k 


d% 



r 

<K> 


Figure 23.79a 

Use coordinates with the origin at the left-hand end of the rod and one axis along the rod. Call the axes yf and / 
as not to confuse them with the distance x given in the problem. 

EXECUTE: Slice the charged nxl up into thin slices of width dxf. Each slice has charge dQ - Oidx'.'a) and a 
distaiKC r - x -t a - x from point P. The potential at P due to the small slice dQ is 

1 W. 1 gf A ' | 

Compute the total I'at P doe to the ciuirc rod by Integrating </('over tbc length of the rod (.v'-0 to 

p-fwK—g-f * —g-m[— 

1 4.T ta ,a {x + a-S) 4.T.U \ I I 


Evaluate: At « -»V -* in! 11-0. 

l.J 

(b) SET UP: An infinitesimal slice of the rod and its distance from point R are shown in Figure 23.79b. 



Figure 23.79b 

dQ - {Qiadif m part (a) 

Each slice dQ is a distance r - ^ r’ * (<i - .v')‘ freon point R. 

Execute: The potential dV at R due to th: small slice dO is 

_!_£_ " _ 

i.rc. I r I 4.r^ a jy‘ r ( a -S)‘ 

vAdV = - g-f , ^_ 

3 •»«.<' J ‘ 'J/Ha-x’y 

In the integral make th: change of variable 11 - a - x\ du - -dt 

r - xrhr - 


V -——[biy- kilo . Jv ! ■» a' i) - —g— In 

A/TC/J Ajtc/j 

(The expression for the integral was found in appendix 11.) 

Evaluate: As v -> «, V -* —^— !n| iUo. 


4,Tr u \ y 
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(c) SET UP: part (a): V = —In j -1—1! ^ ^—Ini I -f - 
4 t<,i J \ X / 4-Ttf/l \ x 

From Appendix B, ln(l ^i) = n-u 3 /2.... so ln(l+d tx) — atx—a“/2jf and this bcconxx a:.x when v is large 


Execute: Thus V 


pan (b): V - 




(3- 




For large x K becomes the potential of a point charge. 




^ - 




4;rc<] 



lu** 


From Appendix B. ^'l ■* <T !y : = (I + a 3 fy* J - I + a* fly 3 +... 

Thus 1 / v -f -* I +a!y + fl 3 /2y* -f... -> I r o.'y. And thrn using Inf I -f if) * u giv 


F->—Intl-ttr/v)-»—ii—‘ - — 

4xc,iT l y) 4/Tcj- 

EVALUATE: For large v. I'becomes the potential of a point charge. 

23.80. IDENTIFY: The potential at the surface of a uniformly charged sphere is V — 

SET l.»P: For a sphere. V - ^.r£*. When the raindrops merge, the total charge and volume is conserved. 

Execute: C) K-«- |J0 " lc f C >-166V. 

R 6.50 x 10 m 

<b> The volume doubles, so the radios increases by the cube root of two: R % ^ - ifl R - 8.19 x 10 * m and the new 

charac i' <>.. -20- - 2.40 * 10 11 C. The new notcntijl it I’ - - i——— -— - -20.4 V . 

EVALUATE: The charge doubles but the radius also increases and the potential at the ftirface increases by only a 

factor of _2- - 2 * 1 . 

IT 

23.81. <a i IDENTIFY and SET Up: The potential at the surface of a charged conducting sphere is given by Example 23.8: 

] a 

V -. Fee spheres A and B this eives 

4x< R 


v A= -&- apd v.~-2s-. 

•»«.*. 4^R. 

Execute: V a - \\ gives Q i !4x* v R t - O k and Q $ iQ, - R,:R t And then R A - 3 R A implies 

(b> IDEKI1FY and Si:r UP: The elcelnc field at the surfarc of a charged conducting sphere is given in 
Example 22.5: 


E - 


4.7C R 


EXKCTTE: For spheres A and B this gives 


«..JgL-^.JaL 


4.T cR 




EVALUATE: The sphrre with the larger radius needs more net charge to pcxxluec the same potential. We can write 
- V$R for a sphere, so with equal potentials the sphere with the smaller R has the larger V 

23.82. IDENTIFY: Apply conserv ation of energy. +L\ - K k -f U k . 

SET Up: Assume the particles initially are far apart, so - 0. The alpha particle his zero speed at the distance of 
closest approach, so AT a - 0 . I eV -1.60 x 1(1 ,v J . The alpha particle has charge +2e and the lead nucleus has 
charge - 82 c. 
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23.83. 


23.84. 


23.85. 


Execute: Set the alpha pul uric's kirxtic energy equil to its potential energy: A' 4 - U c gives 

EVALUATE: The caVrulation assumes that at the distance ofclcnctf approach tlx alpha particle is outside th: rxlius 
of the Vrad nucleus. 

IDENTIFY and Set Up: The potential at the surface is given by Fxample 23.8 and the electric field at the surface is 
given by Lxample 22.5. The charge initially on sphere I spreads between the two jqihcres such as to bring them to 
the same potential. 

Execute: <a> E, - i; = - re, 

lb) Two conditions must be met 

1) Ld i/iand q: be the final potentials of each sphrre Then Vi + Vi - fi (charge conservation I 

2) Let V\ and ft be the final potentials of each sphere. All poants of a conductor are at the san»: potential, so Y\ - ft. 
R, .. 1 


V. - roiuirci that 


iiul I hen ii. R. -qlR. 


4t<, R, 4?*, ft 

Ih “ Siva qi =(R, I ft *ft|)(? ; and q, -0< 1 - R, .‘[ft * ftI)-G<ft 1ft * «II 

G 1 G 


(«► » - 


4t«,*, 4.7t ,,R .ft> 


and V. - 




4.71,« 4«,<ft.ft) 

fl 


. which cuuils ft as it should. 


( d> e -^ 

EVALUATE: Part fa) says q 1 - •' ft). The sphere with the larger radius needs mc*c charge to produce the 

same potential at its surface. When ft - ft. QJ2. The sphere with the larger radius has the snullcr 

electrx field at its surface. 
iDEvnFV: Apply \\ -1; - j 'h .J 

s»:r UP: f rom Problem 2157. for r i R . E - ^ . Fc* r S R . E = 3 L. I 


k Q 


r *Q k Q 


EXECUTE: (a) /Z ft E- -f. =>>' --j-lLjr 'which i* the polenlial of a point charge 


lb»rSK: £,*£411-3^ 
n Jv 


and r 


1-24.24.4-£ ,*£ 4-24.2'. 

\ J R R J R- * ft' R ft' R■ I 


EVAUIATB: At r - R . V - — . At r - 0. V - . The electric field is radullv outward and V increases as r 

R R 

decreases. 

IDENTIFY: Apply conservation of energy: ft - ft . 

SET Up: In the collision the initial kinetic energy of the two particles is converted into potential energy at the 
distance of closest approach. 

EXECUTE: (a) The two protons must approach to a distance of 2 r . where r is the radius of a proton. 


ft - ft gives 2 


r- 


kS 

-and v - 

2 r 


A|l. 60 x |0 19 cy ___ . 

-.-7.58x10 m/s . 

2 (1.2 x 10 m)l 1.67 x 10 J k«> 


|b) For a h:hum helium collision, the charges and masses change from (a) and 
V . A(2|l .60 -10 " C>, ! , 726x|0 . 

<3.5x10 ‘ ml|2.99|(l.67x|0 * kg> 

[c> if- —- —. r ■jvi-l |67,l0 ' ! l 8 )<7 ^ 8:,|<l * m '* l> - 2 . 3 .IO* K 
2 2 ' 3 * 3 ( 1 . 38 - 10 11 J,K) 




m !i, 


- (2.09XI.67.I0 11 tgX~-26-10‘ 


>.v 


3< 1.38x10 *' J/K> 
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23*86. Identify and Ski t: 


(d| These calculations were based on the particles' average speed. The distribution ot*speeds ensures that there are 
always a certain percentage with a speed greater than tlx average speed, and these particles can undergo the 
necessirv reaction* in the sun’s core. 

EVALUATE: The kinetic energies required for fusaon correspond to very high tenperaturc*. 

:p: Apply Eq.(23.20). - V t and F -1' - J 6 ■ df . 

Execute: (a) E = -—/ - — j '-Li = -2Axi + 6A)i-2Azk 

fix dy tb 

(b> A charge is mined in along the r axis. The work done is given by IF - if | E kdz - q f (-2Tr|dr - +(Aq)z^ . 


Therefore, A - 




G.QQx 10 ’ ! 


r - 640 V/m 5 . 


qz\ (1.5x10 * C 1(0.250 m) 

(cl C<0.0.0.250) = -2(640 V/m* K0.250 mtf = -<320 V/m| k . 

(d) In every plane parallel to the ar*pbnc. y k constant, so K(r.v.r) — Ax’ r Az * - C . where C - 3dr\ 

x’ t:'- R ’. which is the equation for a circle since R is constant as long as we have constant potential on 

A 

those pi 


(el V - 1280 V and y - 2 .00 m * so x* -f r 


1280 V r 3(640 V/m'M2.00 m> 


1 4.0 m* ar.d the radius of the circle 


640 V/m* 

is 3.74 m. 

EVALUATE: In any plane parallel to the .tr-plarx. E projected onto the plane is radial and hence perpendicular to 
the equipotcntial circles. 

23.87. iDEVnFY: Apply conservation of energy to the motion of tlx daughter nuclei 

SET l.’P: Problem 23.73 shows that the electrical potential energy of the two nuclei is the same as if all their charge 
w*as concentrated at their centers. 

Execute: (a) The two daughter nucki hav e hilf the volume of the origiml uranium mxleus. so their rexlii are 


tmalkr by a factor of the cube root of 2 : r - 


7.4 »10 "m 


35 


-5.9* HI in. 


»» C/,*1 w<'.^0. »<. ■-C>^ ,^,4 x 10 ... J^ ^ s2JC ,^^ ^ fwM | ofcach 

2 , 1 . 18 x 10 'm 67 

nucleus. K -672-14 14-10 " J)/2 ■ 2.07x10 " J. 

(cl If we have 10.0 kg of uranium, then tlx number of nuclei is n 


1)0 kg 


--2.55xl0 3 nucki. 

(236uX 166* 10 * kg/u) 

And each releases energy L>\ so £ - nU - (2.55* 10^X4.14x10 “ J|-1.06* !0‘* J - 253 kilotocB of TNT . 

<dl We eould call an atomic bomb an **clectrx~ bt>mb since the electric potential energy provxles the kinetic energy 
of the pirticks. 

EVALUATE: Thrs simple model considers only the electrical force between the daughter nuclei and neglects tlx 
nuclear force. 

23.88. IDENTIFY and SET I.P: In part (a) apply E - In part(b) apply Gauss’s law. 


gy 

Execute: (a) For rSd, £---- - 


2£l 

18 c. a’ a 


0/1 r r 2 dV 

.For rZa. £ = --0. £has 


V* <T 


K‘«d 


only a radial component because V depends only on r. 
lb) For liu. Gains’* law give* £ 4 zr'~ - — - !—lL 1-1_ '4»c' 

*>■ ^ l« “'J 

4*|r* , 2rdr) - _ £* I ^ - 2 " f ’> 4 , 7<r >, 2 rJr) . Therefore, 

V 3*1 .. «• t 


E 

e...- 


j.iiL r , 

t 4 3* a- a a- a 3 a] l 3d. 
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(c> Far rid, p{r) - 0. so Ihc total charge enclosed will be given by 
(?^4T}/Hr)r'rfr = 4,TpJj ( r 1 -j- 1 .dr = tap, jir‘ -j -J = 0 . 

EVALUATE: Apply Gauss's law to a sphere of radius r>R. Oie result of part (c> says that Q^ x = 0. so £ - 0 . 
This agrees with the result we calculated in part (a). 

23.89. IDENTIFY: Angular momentum and energy must be conserved. 

SET UP: At the distance of closest approach th: srxed ts not zero. E « K + U . a - 2c. - K2c . 


Execute: mv,6 - mwr . £, - E l gives £, - — m\\ + —£,-11 MeV - 1.76x 10 ‘ J . r, is the distance of 




closest approach. Substituting in tor - ! ( | — ] we tin:! £, 

(Efc* -(kiffato-E/f = O.For * = 10 m . r } *1.01 x 10 12 m . For A - 10 11 m, r = 1.11x10 “m And for 
* = r 3 =2.54x10 14 m . 

EVALUATE: As h decreases the collisxm is closer to being hradon and tlx distance of closest approach decreases. 
Problem 23.82 show* that the distance of closest approach is 2.15x10 M m when *-0. 

23.90. IDKK11IY: Consider the potential due to an infinitesimal slice of the cylinder and integrate over the length of the 

dV 

cylinder to find the total potential. The electric field is along the axis of the tube and is given by £ = - ——. 

fir 

SET Up: Use the expression from Fxainple 23.11 for the potential dix to each infinitesimal slice. Let th: slice be al 
coordinate : along the x*axix, relative to the center of the tube. 

EXECUTE: (a) For an infinitesimal slice of the finite cylinder, we have the potential 

... kdO kO dz . k 

d\ = ■ j t " “7— , Integrating gives 

h-zr+R- >- r + R- 

„ wf w ,, y .fa „ , 

i- w*-*f+*‘ '■ -*-•vITTF 

on the cylinder axis. 

-f £* -L/2-x J 
*4? r "- 


Vm T* 


Ja!2-xy + R‘+(L/2-,l 
Jl i/2 * j) 1 •. R‘ - L!2 - x 


lb) For I.« X. I > 


£ (n JiL;2-xr +R- +1/2-X fg |n Jx‘-xL + R‘ *Lj2-x 
L JlL/ 2 -’xy • R' - Li 2 -x /• Jx‘rtL-tR‘ -Lf 2 -x 



Jl-xLI(R- - 

_^£, n 

\ - xl; 2</r (i/2- x)j Jr- r i 

L 

% l'l * xL/{R- *>. (-1/2 - 

L 

|+«l/ 2 (*’ -- x-).,-L : ' 2 -x,;jR- +x ! 


*£ I ,L/2jFl 


I- [l -LfzjR'rx 
L 2Jt‘*R‘ Jx‘ . R~ 


*®l tall- — J— l-h 1- L ‘ll 


'• 1 I 2jF77\ ! UF77\) 


V * ^ ^ ■ ■ , which is the same as for a nng 


d y 2*C( J(1 - 2 xY + 4i? J - J(L +2.r) 1 * 4 R>) 

<c> £, = - -r- - ■ i 

Zx yl(L-2xy + 4R m ^(£ + lr)- ♦ 4/C 

EVALUATE: For L « R the expression for A', reduces to that for a ring of charge, as given in lixample 23.14. 

23.91. IDEVIIFY: When the oil drop is at rest the upw ard force |f|f from the electric field equals the downward weight 
of the drop. When the drop is falling at its terminal speed, the upward viscous force equals the downward weight of 
the drop. 

SET l.»P: The volunx of the drop is related to its r:xlius r by V - — xr l . 


Execute 


n: <■> F, - mg - ^-fig F. - £ - ft\V*/d . F.*F, givn |./| - tlClJ- . 

3 3 } tA 
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23.92. 


far 4 

(b> — ; — pg - 6 jztjr\\ gives r - ^ 1 . Using this result to replace r in lb: cxprc*sxm in part (a) gives 


M"t£ 



.h,jL iilL. 

I'-Vvs 


[«» U- ISri^-lUL l'< 1 -S I •« 1 0 N s/nT|'(l.00- 10 ' m/39.3*)^ a 4.80* 10 - C _ 
Pl 9.16 V V 2(824 kg/m J >9.S0 m/n) 


The drop has acquired three 


excess electrons. 


90.31x10'* N's/m*)(l .00x10'* m/39.3s) r t . 

r- -- 5.07x10 m- 0.50? /jm. 

2<S24 kg.'m)(9.80m;s) 

EVALUATE: The weight of the drop is j —— | pg - 4.4 x 10 1 ' X . The density of air at room temperature is 


2 kg m'. so the buoyancy foree is p.Xg - 6.4 x 10 l> X and can be neglected. 


IDENTIFY’: r - 


-m 




Set Up: E - K, + K x +U, where V - 




Execute: ,.) v, - 16 “° * k g x4QC.^s ) -Q« l o ‘ ,, 

60x10 * kg * 3.0x10 kg 

tb) £ m - -1/w i* 1 1 -f . AtYer expanding the center of miss velocity and collecting like 

icrnu I:, - i_^_[- + v * - 2,,v. ]+, ip(v, - )' - 

2 m, + m, r 2 /* 

(d| Since the energy is less than zero, the system ts ’‘bound." 

D.0| 

(el The maximum separation is when the velocity is zero: -1.9 J-—— gives 

r 

r- «:.o- "■ c,-5"- "i' c _ 0jlM?n| 

-1.9 J 

(0 Now using v - 400 m/s and v - 1800 m/s t we find E - +9.6 J . The particles do escape, and the final relative 


velocity » k - i.U 1 15± - I 2I96I> - 9J* ml 

' 11 1 V p \ -.Ox 10 ’ kg 


EVALUATE: Tor an isolated system the velocity of the center of mass is constant arxl the system must retain the 
kinetic cnergv associated with th: nxitxin of the center of mass. 
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21.1. Idevhfy: 

Setup: ly/F-MTF 

Execute: (?-CV^ -t7.2Kxio ‘ FX25.0 V>-1.82x10^ C^. 182pC 
EVALUATE: One plate ha* charge t(> and the other his charge -Q . 

24.2. IDEVTIFV anil SET UP: C - — . C - — -UKl V - Ed 


, . „ A 0.00122 in'__ 

(a C-t — -3.29 pP 

d 0.00328 m 

g.435. |C «C , 3 , 1 V 
C 3.29x10 ' F 

(«> £ -11 - LLLlll!—^. - 4.02 x 10* V/m 
d 0.00328 in 

EVALUATE: The electric field is uniform between the platen, at punts that aren't close to the edges. 

24.3. IDENTIFY and SET UP: It is a parallel plate air capacitor, so we can apply the equations of Sections 24.1. 


Q O 0.148x10* C 

Execute: (a) C - — so V' - i-6ixi V 

V+ c 245x10 '* F 

Cd (245x10 F1(0.328 x 10 * ml 

(b| C -so A --9. 

d c. 8.854x1(1 11 C/N m* 


*10 m* -90.8 cm*’ 


|«> V',- Ed nE- —_ 604 v 

d 0.328 x 10 m 


1.84 x 1C V/m 


<d> so rr - £c, -11.84x 10* \7m)(8.8S4x 10 |J C*/N m*)- 1.63x |0 ' C/in J 

EVALUATE: We could also calculate tr directly as Of A. a - — " h —— 1.63*10 Oin\ which checks. 

7 * A 9.08x10 m 

24.4. IDENTIFY: c - . ''hen there is air between the plates. 

d 

Set UP: a - (3.0x 10° in) 1 is the area of each plate. 

EXECUTBl C- <S85J - 10 - I39X.0 » F- I.S9 pF 

5.0x10‘m 

EVALUATE: C increases when A increases and C increases when <S decreases. 

24.5. Identify: C-— C- — 

V+ d 

SET Up: When the capacitor is connected to the batten*. - 12.0 V . 

Execute: <a> Q-cv^-i I0.0xl<r fkI2.o V)-i.20xio 4 c*120 /iC 
<b> When d is doubled C is halved, so Q is halved. Q _ 60 fjC . 

<c> If r is doubled. increases by a factor of 4. C increases by a factor <8* 4 and Q increases by a factor of 4. 

Q - 480 fiC. 

Evaluate: When th: plates are moved apart, less charge on the plates is required to produce the same potential 
difference. With the separation of the plates constant, the electric field must remain constant to produce the same 
potential difference. The electric field depends on th: surface charge density, a . To produce the same a . more 
charec is required when the area increases. 
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24.6. 


24.7. 


24.8. 


24.9. 


24.10. 


Identify: C - — . C = —. 

V+ d 

SET UP: When the capacitor i* connected to the b:*tcjy. enough charge flows onto the plate* to make - 12.0 V’. 
Execute: (a) 12.0 V 

<bl <ij When d is doubled. Cis halved. V+ - ^ and Q is constant. so V*doubles. V - 24.0 V . 

<iil When r is doubted. .*1 increase* by a factor of 4. V decrease* by a factor of 4 and l' - 3.0 V . 

Evaluate: The electric field between the plates is £ - QU,A . V* - Ed . When d i* doubled £ is unchanged and 
V doubles. When A is increased by a factor of 4. £ decrease* by a factor of 4 *o V’ decrease* by a factor of 4. 

Identify: C - —. Solve for d. 
d 

SETUP: Estimate r-1.0 cm. A - rr*. 


Execute: c-^ d-^-^ ,0WWn ' r -2* 


ur i 


k in . 


d C 1 . 00 x 10 ” F 

EVALUATE: The separation between the pennies is nearly a factor of 10 smaller than the diameter of a penny, so it 
is a reasonable approximation to treat them as infinite sheets. 

INCREASE: C - — .V' - Ed. C - — 

V. - d 

SET Up: We uanl E - 1.00.10* NIC <vbm V - 11*1 V . 

Execute: (a)J-— —'■—— 1.00*10 1 m-1.(Wcm. 

E 1.00*10* WC 

. Cd (5.00x10-“ FKl.OOxIO'm) , . IX ,,, . 

A --5.65x1(1 m . A-xr 4 %or -J -4.24x10 m - 4.24 

8.SS4* 10 u C J /(N m J ) V t 

(b> Q = CY^ = (5.00x 10‘** FKl OOxlO 1 V) = 5.00x10 10 C= 500 pC 

EVALUATE: C - — . We could have a larger d. along will) a larger A, and still achieve the required C without 
d 

exceeding the maximum allowed E. 

IDENIIFY: Apply the result* of Example 24.4. C - Q/V . 

SET Up: r u - 0.50 mm . r h = 5.00 mm 

Execute: (a) C, “fi-- ,0 I,0i " i2t ‘- -4.35*10 “ F. 

In(r./r.» MS.OO/OSO) 

lb) V - QIC = 110.0* I0' 11 C)A4.35«!<> F> = 2.30V 


EVALUATE: — - 24.2 pf . This value is similar to those in Example 24.4. The capacitance is determined entirely by 
the dimension* of tfo: cylinders. 

IDENTIFY: Capacitance depends on the geometry of the object. 

(a) SEr IIP: The caparitance of a cylindrical capacitor ls c -1—LI— Solving for r. gives r - ‘ . 

,n K'0 ‘ ‘ 

Execute: Substituting in the numbers for the exponent give* 

2.t{ 8.85 x 10 C*/N m* )<0.120 m> 

- - 0.182 

3.67x10 " P 

Now use this value to calculate r£ rv = r«e J "* - 10.250 cm)e ° - 0.300 cm 

(bl SET UP: For any capacitor. C = Q/Vand ?. = Q/E. Confining these equation* and substituting the number* 
gives A - Q/L = CV/L 
EXECUTE: Numerically we get 


cv {J.67»10"F)(I25V| 


3.82*10 'C/m = 38.2 nC/m 


i. 21 m 


EVALUATE: The di^ance between the surfaces of the two cylindrrs would be only 0.050 cm. which is Just 
0.50 mm. These cylinders would have to be carefully constructed. 
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24.11. 


24.12. 


24.13. 


24.14. 


iDEVnn and SET UP: Use the expression for C/£ derived in Example 24.4. Then use Eq.l 24.1) to calculate Q. 

C Ire, 

Execute: (a) From Example 24.4.- 

L tnfa/r.) 

r 2.t| 8.8S4«I0 '* C i /N-m i ) 

—-657 «10 " Rm - 66 pF/m 

I. In (3.5 mm'1.5 nun) 

(bl C- (6.57 -10 " P/m)(2.8m)-1.84-10 “ F. 

(7^CT-(1.84-10 ” P)(350« 10 * V)=6.4*l<r" C = 64pC 

The conductor at higher potential ha* the positive charge, so there is +-64 pC on the inner conductor and -W <m 
the outer conductor. 

EVALUATE: C depend* only on tlx: dinxnsions of th: capacitor. Q and l’ are proportional. 

IDENTIFY: Apply the results of Example 24.3. C - QiY . 

SET UP: r m - 15.0 cm . Solve far r k . 

Execute: (a) For two concentric spherical shells, the capacitance is C - i. kCr -kCr - rr and 

kCr *(116x|0 ItO.lSOm) „ t __ 

fx - 1 -0.175 in . 

kC-r^ *(116x10 ” Fj - 0.150 m 

(b> V = 220 V and <>-Cl'-<116x10 ,J Fl(220 V) = 2.55x10 * C. 

EVALUATE: a parallel plate capacitor with .4 - 4- 0J3 in* and d - r k - - 2.5 * 10 1 m his 

C - — 117 pF. in excellent agreement with the value of C for the spherical capacitor 

d 

IDENTIFY: We can use the drfimtion of capacitance to find the capacitance of the capacitor, and then relate the 
capac itance to geometry to find the inncT radiu*. 

(a) SET Up: By the definition of capacitance. C = QA'. 

Execute: C-— ( =1.50x10** F =15.0pF 

V 2.20x10* V 

(bl SET UP: Tbe capacitance of a spherical capacitor is C - —— 

n-K. 

EXECUTE: Solve for r„ and evaluate using C = 15.0 pF and r& = 4.00 cm. giving r A = 3.09 cm. 

(c) SET Up: We can treat the inner sphere is a point charee located at its center and use Coulomb’s law. 


Execute 


(9.00x10* N mVC* 1(3.30x10 v C) 

TE: E .--1 1 3.12 

(0.0309 ml' 


*\<r N fC 


EVALUATE: Outside the capacitor, the electric field i* zero bccau.sc the charges on the spheres are equal in 
magnitude but opposite in sign. 

IDENTIFY: Tbe capacitors between b and c are in parallel. This combination is in series with the 15 pF capacitor 
Set UP: Ut C, ^ 15 pF. C 2 =9.0 pF and C, = 11 pF. 

Execute: (a) For capacitors in parallel. - C, * C, *f — so C ; - Cj + C 4 - 20 pF 

(b> C - 15 pF is in scries with C,, - 20 pF . For capacitors in scries. - r — + • • • so --- and 


C, c. 


C, C 


86pF 

C,rC tl 15pP. 20 pF 

EVALUATE: For capacitors in parallel th: equivalent capacitance ts larger than any of the mdmduil capacitors. For 
capacitors in series the equivalent capacitance is sinallcT thin am* of the individual capacitors. 
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24.15. IDENTIFY: Replace series and parallel combinations of capacitors by their equivalents. In each equivalent network 
apply the rules for Q and V for capacitors in series and paralkrl: start with the simplest nctwtxk and work b:*:k to the 
original circuit. 

SET UP: Do parts (a) and lb) together. The capicitor network is drawn in Figure 24.15a. 





C, = a Cj * C 4 - 400 /iF 
1C = 28.0 V 


<4 

Figure 24.15a 


—IHt: ■ Hk 


EXKC't’TH: Simplify the circuit by replacing the caparitcir combinations by their equivalents: C, and C. are in 
scries and are equivalent to C X1 (Figure 24.15b). 

Ill 

^T'c’cT 

Figure 24.15b 

re. (4J»x10‘‘fH4J»xI0“F) 

r -1 2.00« 10 - F 

C,+C, 4.00x10'* F + 4.00x10* F 

C7. and C are in parallel and are equivalent to C.n iFigurc 24.15c). 


-T^ HI; 




C tll - 2.<Ox 10 * F+4.00x 10 * F 
6.00x10* F 


Figure 24.15c 

C . and C arc in series and are equivalent to C < Figure 24.ISd). 


“Ik- 


Figure 24.1 $d 

r C |6.00xl0 A F|(4.00x|0 / *F) 

r rM -—liU —' -J--- 240x 10 4 F 

C tl > + C 4 6.00x10 F+4.00xl0 F 

The circuit is equivalent to the circuit shown in Figure 24.15c. 

i 

V 

\ ' C 


- l' - 28.0 V 


Q >a . -r ia ,V -(240x10* F)(28.0V)=67.2 aiC 

Figure 24.15c 

Now build back up the original circuit, step by step. C |a4 represents C i} t and C 4 in series (Figure 24.ISf>. 

vj° I 0,.=a-<?.«»«-2*c 

* o | | * l charge same foe capacitors in series) 

Figure 24.15f 

Then V,., = _<”-/£_ 112V 

C„ 6.(0 »V- 


r. 4.oo Ur 


Note that V f * V - 16.8 V ♦ 11.2 V - 2S.0 V. as it should. 
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Next consider the circuit at written in Figure 24.15g. 

V'=V„=2S.0V-V ( 

V, =11.2 V 

ft = C,V, = (4.00 |iF)(l 1.2 V) 
ft,-44.8 

fli-^i-(W»Wl2V) 

Q I ,-22A M C 

Figure 24.15 k 

Finally, consider the original circuit, at shown in Figure 24.15h. 

ft=ft-0,-zupc 

(charge same for capacitors in scries) 

6 V 

1 C, 4.CKI /iF 

v= ft = 224 £ C a 5 6V 

C ; 4.00 pV 

Figure 24.15h 
Note that \\ * Vj = 11.2 V. which equal* V, a* it should. 

Summary: ft ^ 22.4 pC. F, ■= 5.6 V 
ft a 22.4 pC, K-5 .6V 
ft. - 44.H /iC. F t = 11.2 V 
ft - 67.2 /iC, V 4 = 16.8 V 
(c> V^aVjoll.2 V 

Evaluate: V,+V,+ V, = V. or r.. \\ - V. ft = ft,. ft . ft = ft. and ft. - ft,„. 

24.16. IDENTIFY: The two capacitor* arc in series. The equivalent cafxicitaixv is given by —--— r —. 

SET l.»P: For capacitors in series the charges arc the sunc and the potentials add to give tlx* potential across the 
network. 

Execute: = — . — ---1-1-5.33»10 s F 1 . C= 1.88 x10* F. Then 

cc, C, (3.0x10 F> iS.OxIO F) 

ft - Fft, = (52.0 Vxl.88x 10 * F)« 9.75x10' C. Each capacitor h* charge 9.75x1(1 'C. 

<b) -QIC, -9.75x10 ' C/3.()xl0‘ F-32.5 V. 

V, = ft/C, = 9.75.10 c/5.0xl0* F= 19.5 V. 

Evaluate: V,+V,- 52.0 V . which i.% equal to tl* applied potential F — . The capacitor with the wnaller C hai the 
larger V. 

24.17. IDENTIFY: The two capacitor* are in parallel so the voltage is the tame on each, and eqiul to the applied voltage V u 
Set Up: Do ports (a) and t b) together. The rx*twork it sketched in Figure 24.17. 

Execute: F^F, *F 
F, - 52.0 V 
F, - 52.0 V 

Figure 24.17 

C ^ Q/V so CV 

ft _ cy t - (3.1X1 fi F)<52.0 V) = 156/iC. ft - C,V, - (S.CO pF|J52.0 V) - 2«l /jC. 

EVALUATE: To protfcicc the same potential difference, the capacitor with the Lirger Chat the larger ft 
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21.18. 


24.19. 


24.20. 


24.21. 


24.22. 


IDENTIFY: Foecapacitors in parallel the voltages arc the sail*: and lb: charges add. Forcapacitors in series, the 
charges :av the same and the voltages add. C - QiV . 

SET UP: C, and C. arc in parallel and C, is in series with the parallel combination of C, and . 

EXECUTE: (a) C x and Q arc in parallel and so haw the some potential across th:m: 

V, 1^4-. ^-;; t ^ -13.33 V . Thru-fore. Q, = V,C, =<13.33 V)(3.(0» 10 * Fl - KD.Ox 10* C. Since C, is 

in series with the parallel combination of C t and C 1 . its tfiorgc must be equal to their combined charge: 

C - 40.0 v 10 * C18CU)x 10 * C = 120.0x10 4 C . 


lb) The total capacitance is found from-— -t — 


tU -g^j :, ")"o;c_ 37 4v 


r. C tl C, 9<Dx 10 F 5.01x10 F 


— and 21/iF. 


321x10 F 


Evaluate: MO-w' C ^ y 

C, 5.00x10 F 

IDENOFY and SET UK Use the rules for V' for capacitors in series and parallel: for capacities in parallel the voltages 
ire the same and for capacitors in scries the voltages add. 

Execute: v t -0/r l -(l50/iC)/(3.oo^F)-5<>v 
C, and C, are in parallel, so V 2 - 50 V 
Vj = 120 V - V ( - 70 V 

EVALUATE: Now that w know the voltages, we could also calculate Q for the other two capacitor. 

IDENTIFY and Set UK C - . Fie two capacitors in series.-- — 

<1 C m c { c. 


EXECUTE: C- j «L + -1 t- ^ | - *****'* thal ll>: combined capacitance far twx» 

capacitors in scries is the same as that for a capacitor of area A and sepceation Id, ♦ dj). 

EVALUATE: i* smaller than eithrr C ( or C x . 

IDENTIFY and SET lK C - — . Fie two capacities in paralleL C - C, ♦ C\. 

d 

EXECUTE: c -f tf, - L-h- - 4 —1l *' l-i , * 1 . So th; combined capacitance ice two capacitors in parallel is 
that of a single capacitor of their combened area (A -t A,) and common plate separation d. 

EVALUATE: is larger than either C, or Cj . 

iDENTin : Simplify the network by replacing series and parallel combinations of capacities by their equivalents. 


SET LP: Fie capacitors m scries the voltages add and the charges are th: same: — ; -lor capacitors 

Cl 


in parallel the vokages are the same and the charges add: - C, + C 2 + • • • C - — 


EXECUTE: (a) The equivalent capacitance of the 5.0 /if and 8.0 jiY capacitors in parallel is 15.0 uY. When thes 
two capacitors arc replaced by their equivalent we get the network sketched in Figure 24.22. 'Hie equivalent 
capacitance of these three capacitor* in series is 3.47 //F. 

Ib> ft. * C h4 V -13.47 //F)<50.0 V) -174 fjC 

(cl Q t 4 is the same as Q for each of the capacitors in the series combination shown in Figure 24.22, so Q for each of 
the capacitors is 174 i/C. 


EVALU ATE: The voltages across each capacitor in Hcure 24.22 are V* 


^.-17.4 V. V 


13.4 V 


V, - - 19.3 V . V’„ *■ V„ + V, = 174 V 1 13.4 V +19. J V - 50.1 V . The sum of th: volujo cqual.% ihc appl>ed 


voltage, apart from a small difference due to rounding. 

lOAuF 


>0n| 



13.0 far 

figure 24.22 
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24.23. IDENTIFY: Refer to Figure 24. l()b in the textbook. For capacitor* in parallel, C - C, + C 2 + •••. For capacitor* in 


I I I 

series--♦— + —. 

C„ c, c 

SET UP: The 11 fiV . 4 giF and replacement capacitor arc in parallel and this combination is in series with the 
9X1 p! ; capacitor. 

1111 1 


EXECUTE: 


cjY 1 <li+4.0 + .*>iiF 9.0 ur 


. <15 +a) i/F- 72 Itv and a-57 uV . 


EVALUATE: Increasing the capacitance of the one capacitor by a large amount make* a small increase in the 
equivalent capacitance of the network. 

24.24. IDENTIFY: Apply C - QfV . C - — . The work dime to ikiuble the separation equals the change in the stared 

d 

energy. 

SETUP: t'-icV' 1 - — 

2 2 C 

Execute: (a) V = QIC = (2.SS uC>/(920»IO “F|-2770 V 


r-il 


<b> C-says that since the charge is kept constant while the separatum doubles, that means that the capacitance 

d 

halves and the voltage doubles to 5540V. 

<c) V - — - *""" 1,1 —— • 3.53 x 1(1 ‘ J . When if the separation is doubled while O stav* the same, the 
2C 2(920x10 F> 

capacitance halves, and the energy stored ikiubles. So the amount of week ikine to mow the plates equals the 
difference in energy stored in the capacitor, which is 353 x 10 ‘ J. 

EVALUATE: The oppositely charged plates attract each other and positive work must be done by an external force to 
pull them farther apart. 

24.25. IDENTIFY and Set Up: The energy density is given by Eq.<24. II): u - ic,£\ Use V a Ed to solve for £. 

V 400 V 

Execute: Calculate £: E ^ —-8.00x10* V/m. 

d 5.00x10 *m 

Then « ^ - i(8.8S4xIO C*/Nm*)(8.00x 10' V/m) J - 0.0283 J/m k 

EVALUATE: £ is smaller than th: value in Example 24.8 by abixrt a factor of 6 so u is smaller by about a fa:tor of 
6* = 36. 

24.26. IDENTIFY: C = . C = 5^. V+ ^ Ed . The stared energy is iQV . 


Set Up: d - 1.50x 10 ; m . lgiC = 10 A C 
0.0180 x 10 * C 


EXECUTE: (a) < 


v 


9.00x10 " F - 90.0 pF 


^A Cd <9.00x10 " FML50x 10‘m) * 

lb) C -so A -0.0152 m . 

d 8.8S4 x 10‘“ C' /(N • m*) 

|c) V-£d-<3.OxICf* VVmH 1.50x10 * mj-45x|0 ; V 

(d) Energy - s 4(0.0180x 10 * 0(200 V) = 1.80x10 ‘ J s 1.80//J 

Evaluate: We could also calculate th: stored energy as ' n1, —— 1.80 j/J . 

2C 2(9.00x10 " Fl 


24.27. IDENTIFY: The energy stored in a charged capacitor is yCV‘. 

SETUP: I g/F-10 * F 

Execute: lev 2 ^ ±<450x10‘ F)i295 V)* -19.6 J 

Evaluate: Thermal energy is gewrated in the wire at the rate / *£. where / is the current in the wire. When th: 
capacitor discharges there is a flow of charge that corresponds to current in the wire. 
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24.2#. IDENTIFY: After Ihe two capacitor* ore connected they must have equal potential difference. and their combined 
charge must add up to the ixiginal charge. 

SET lip; C - QlV . The noted energy i' «/*£-- icV' 1 

Execute: <» 0 = Cr¬ 


ib) V' 


OBlabo Q,+Q, = Q = CV.. C,-C and C, - i- .«» % - -Q- and a 




IC/2J 


*-!« jndl '4-i§‘i v - 


«!♦£! _if=121=lev 1 

<■, - C c SC i 


<d> The original V »a» U = ACV 0 *.*o 41/ = -icV 0 l . 

6 

<e) Thermal energy of capacitor. wire*, etc., and electromagmtic radiation. 

EVALUATE: The original charge of the charged capacitor must distribute between th: two capacitors to nuke the 
potential the same across each capacitor. The voltage V’for each after they arc connected is less than the original 
voltage l', of the charged ccgiacitor. 

24.29. IDENTIFY and Set Up: Combine liqs. (24.9) and 124.2) to write the stored energy in terms of the separation 
between the plates. 

Execute: (a) U - —: C - — «. V - 


(b) dx gives U - 

dU = 


2 C x 




(r'rfalg 1 xQ‘ | Q ! 

I, :<,.A 


(c> dW - F dx = dU. to F - ^ 

(d> Evaluate: The capacitor plates and th: field between the plates are shown in Figure 24.29a. 

♦ t ♦ * f f 


£ - — 


figure 24.29a 


Q_ 

£-4<?£. nol QE 


The reason for the difference is that ll is the field doc to huh plates. If we consider the positive plate only and 
calcuhte its elect he field using Gauss’s law I figure 24.29b): 



ILA- 


7 A 


1-2—® 

2f 


figure 24.29b 


The force this field exerts on the other plate, that has charge -Q. is F - -i— 

2*,A 

24.30. IDENTIFY: C -— . The stored energy can be expressed eithrr as - or as —-— . whichever is more convenient 

for the calculation. 

Set UP: Since d is halved. C doubles. 

EXECUTE: (a) If the separation distance is halved while the charge is kept fixed, then th: capacitance increases and 
the stored energy, which was 8.38 J. decreases since V - Q 1 (1C. Therefore the new energy is 4.19 J. 

<b> If th: voltage is kept fixed while the separation is decreased by one half, then the doubling of the capacitance 
leads to a doubling of the stored energy to 16.8 J. using V - CV 3 f2 . when V is held constant throughout. 
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EVALUATE: When th: capacitor is disconnected the stored energy decreases because of the positive work dim 
the attractive force between the plates. When the capacitor remains connected to the battery. Q - CV tells us that 
charge on the plates increases. The increased stored energy comes from the battery when it puts more charge cmlc 
plates. 

24.31. iDEvnry wd Set Up; c^-£. U=$CV‘. 

EXECUTE: (a) <?^CV' -|5.0 y/FXI.S V)^7.5 uC . V -iev 1 =2)5.0y/FXl.S V)' -5.62 y/J 
<bl U -±CV' n$C(Q/0‘ =Q‘HC . Q-j2CU-^2lS.O.U>' Fiil.OJ) - 3.2x10 ‘ C. 

v , £ J.2‘I0‘ c =M |v 

C S.Ox 10 F 

Evaluate: The stared energy is proportional to Q' and to V' 1 . 

24.32. IDEVTIFY: He Iwocapacitance in tcrics. — -— » — -f ••• C =£. V -ICV 1 . 

c„ r C; V 

SET UP: For c.ip.x itars in series the voltages add and the charges are the same. 

Execute: <a> --f — so C - lJ— -66.7 nF. 

C H C, C s * C,+C 2 150 nF r 120 nl : 

Q = CV = <66.7 nF>l36 V> = 2.4x 10 * C- 2.4 /jC 

<b) Q - 2.4 /XT for each capacitor. 

<c> V - = 4(66.7 x 10 v F*36 V ) 1 = 432 fi\ 

<d) We know C and Q for each capacitor so rewrite V in terms erf these quantities. V - 4 CV 1 - $C(QfCy - Q 1 /2C 

ISO nF: U - <14 * 10 ° ^ 19.2 : 120 nF: U - <14 * l(> Cy - 24.0 /jJ 

2<IS0x 10 # F) 2*120 v 10 Fj 


24.33. 


24.34. 


Note that 19.2 i/J ♦ 24.0 u] - 43.2 u] . the total stored energy calculated in pari <ck 


WUOUir-g . 24 " 10 : 0 

C 150x10 F 


16 V ; 120 nF: V = £ - llliiLl - 20 V 
C 120 x 10 F 


Note that these two voltages sum to 36 V. the voltage applied across the network. 

EVALUATE: Since Q is the same the capacitor with smaller C stores more energy < V = Q' f2C I and has a larger 

voltage IV- 0 /C). 


IDENTIFY: The two capacitors are in parallel. C n - C, -f C l . C - . U - lCV i . 

SET Up: For capa:itors in parallel, the voltages arc the same and the charges add. 

Execute: (a) = C, -t- C 2 = 35 nF * 75 nF = 110 nF C^v -1110X10 v FX220 V) - 24.2 /jC 

<b> V' - 220 V for each capacitor. 

35 nF: Q A = C/ = (35 x 10 v FK220 V) = 7.7 fiC: 75 nF. g* - C„V = (75 x 10 • F)l 220 V) = 16.5 /iC. Note that 

<c> V tA .^*-#110*10+ Fl(220 V)’ - 2.66 inJ 
<d> 35 nF: f/ K = 4C lt V 2 =4(35x10 ' FX220 V) 1 =0.85 mJ ; 

75 nF: f/„ - 4C%V ,J - 4(75x10 * F)|22<> Vr - LSI mJ . Since V is the same the capacitor with larger C stores more 
energy. 

<e> 220 V for each capacitor. 

Evaluate: The capacitor with the larger C has the larger (?• 

IDENTIFY: Capacitance depends on the geon>:try of the object. 


(a) SET Up: The potential difference between the core and tirf>c is V - T —— ln(^/r ). Solving fee the linear charge 


densitv ghes /. 


2*cV' 4my 


EXECUTE: Using the given values gives a - 


63X1V 


2I9«>*I0'N mVcMlnf— I 


- 6.53-10 "C/n 


If fT 
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24.35. 


24.36. 


24.37. 


24.38. 


<b) Set Up: Q-a.L 

EXECUTE: (J = l6.53xlO ” C/mjl0.3S0 m) = 2.29*IO l# C 
(cl SET UP: The definition of capacitance is C - QfV . 

Execute: C - r = 3.81 xio » F 

6 (H) V 

<d) Set Up: The energy Mixed in a capacitor is U - ^CV*. 

Execute: V =4<3.8ixio 11 F)(6.oo -6.s5xio “* J 

EVALUATE: The st<xed energy could be converted to hraf ix other forms of energy. 
Identify: u = 4<?V'. Solve fix Q. c - g/v . 


SET UP: Example 24.4 shisws that fix a cylindrical capacitor. — -- 

/. bn 'A > 


Execute: (a) U -- IQV giws Q- — 


IV 2(3.20x10 JI 


1.60x10 * C. 


1.00 Y 


<b> i -— - cxp(2jTt' l UC) = c\p< 2.rtf. 170)-expert 115.0m)(4.Q>V)/(1.60x 10 * Cj)-8.05. 

/. ki(rjr m ) r a 

The radius of the ixiter conductor is 8.05 times the radius of the inner conductor. 

EVALUATE: When th: r:rtio r k increases. ClL decreases and less charge is stored for a given potential 
difference. 

Identify: Apply Eq.< 2411 ), 

0 0 

SET UP: Example 24.3 shows that E - r between the conducting shells and that -- 

4.ec,r 4 tc, 



Execute: 


E - 


\V+ _ (0.125 m)|O.I48 m|^120 V 96.5 V m 
O.I4Sm-0.125 m l~P 7 


(a)For j - 0.126 m. £-6.08x10' V/m . « =1.64x10-* lftn‘. 

<b) Far r = O.I47m. E - 447 * 10* V/m. h - 4c,£ ! -K.8S* 10 1 l/m‘. 

EVALUATE: (c) No. the results of parts la) and ibl show that the energy density is not uniform in the region between 
the plates. E drereases as r increases, so tt decreases also. 

IDENTIFY: Use the rules for series and for parallel capacitors to express the voltage for each c^acitor in ternts of 
the applied voltage. Express V, Q, and E in terms of the capacitor voltage. 

SET UP: Le the applied voltage be V. Let each c^iaciux have capacitarxe C. U - .Cl'* fee a single capacitor with 
voltage V. 

Execute: (a) series 

Voltage xross each capacitor is 172. The total energy stared is U K - 2(iQlV2| J ) -±CV 3 

parallel 

Voltage arross each capacitor is V The total energy stored is U f - 2(^CV 1 1 - CV* 

V,4V, 

(b> Q-CV lot a single capacitor with voltage V. ft - 2|qV/2|) - O': ft, - 2(CV) - 20': Q, - 2ft 


<c) E - V/d lor a capacitor with voltage V. E, - VIU: £;. - Vld: E, - 2£ 

EVALUATE: The parallel combination stores mixe energy and more charge since the voltage for each capac itor is 
larger for parallel. More energy stored arxl larger voltage for parallel means larger electric field in the parallel case. 
IDENTIFY: V ^ E<i and C a Q/V With th: dielectric present, C ^ KC V . 

SET UP: V - Ed holds both with and without the dielectric. 

Execute: (a) V - Ed - (3.00 x10* V/m)(l.50x10 1 ml - 45.0 V . 


ft = C t V - (5.00 x10 " Fit 45.0 V) - 2.25 x 10 10 C. 

(In With the dielectric. C - KC 0 - <2.701(5.00 pF) - 13.5 pF. V'is Mill 45.0 V. mi 
ft _ Cl’ - <135 x I0 U FK45.0 Vi - 6.0X x 10 C. 

EVALUATE: The presence of the dielectric increases th: amount of charge that can he stored fix a given potential 
difference and electro field between the plates. Q increases by a factor of K. 
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24.39. 


24.40. 


24.41. 


24.42. 


24.43. 


IDEVI1FY anil SET UP: Q is constant so we can apply Eq.<24.141. The charge density on each surface of the 
dielectric is given by l:q.(24.16). 

, £. „ £. 320-10' V/m . 

K E 2.50-10 VAn 

(■) a=m\-MK\ 

<1 - t,E, - (8 854-10 " C‘/N • m‘)(320« I O' N/Cl - 2S33x10 * C/in’ 
a, - 12.833-10" C/m'Ml -1/128)* 620-10"’ C/in' 

(b> A* calculated above. K - 128 . 

EVALUATE: The surface charges on the dielectric produce an electric lick! that partially cancels th: electnc field 
produced by th: charges on the capucitor plates. 

IDENTIFY: Capacitance depends on geonx*try. and the introduction of a dielectric increases the caparitance. 

SET UP: For a parallel plate capacitor. C - K^Afd. 

EXECUTE: (a) Solving for d rives 


Y Kt,A (3.0(18.85x10 U C'/N in‘KO.22 ml(02S m> |M . |n • ma , M 

l II 1 l\' * p 


un 


l .Ox 10 r 


Dividing this result by the thickness of a sheet of paper gives -- u g sheets • 

0.20 nim’sheet 

. r % Cd ( 10 x 10 -FK 0 . 012 m) 4r 

(b> Solving for the area of the plates gives A -- 0.45 m*. 

y A*, (3.0(18.85-10 “ C/N-m [ 

(cl Tetlon has a smaller dielectric constant < 2.1 > thin the pasterboani. so she will need more area to achieve the same 
capacitance. 

EVALUATE: The use of dielectric makes it possible to construct reasonable -sized capacitors since the dielectric 
increases the capacitance by a factor of K. 

IDENTIFY and Set UK for a parallel plate eapxitor with a dielectric we can use the equation C - Kc^Aid. 
Minimum A nvans smallest possible d. d is limited by the requirement that F be less than l.60x 10 V/m when Vis 
as large as 5500 V. 

V ccrin v* 

Execute: V - F<i so d - — ——- 3.44 x lo * 4 m 

£ 1.60x10 V/m 

Then <1.25■ .0 ' P>3.44 -,0 ■ m, 

A'<, (3.60MS.HS4xl(> ~ C/S m ) 

EVALUATE: The relation V' = fuf applies with or without a dielectric present. A would have to be larger if there were 
no dielectric. 

IDENTIFY and SET UK Adapt the derivation of I:q.<24.1) to the situation where a dielectric is present. 

EXECUTE: Plaring a dielectric between the plates just resulLs in the replacement of e for ^ in the derivation of 
Equation (24.20). One can follow' exactly the procedure as shown for Initiation <24.11). 

Evaluate: The presence of the dielectric increases th: energy density for a given electric field. 

IDENTIFY: The permittivity * of a material is related to its dielectric constant by r - £<,.. The maximum voltage is 

related to the maximum possible electric field before dielectric breakdown by . £ - —7 —\—. where 

K AT< I 

(T is the surface charge density on each plate. The induced surface charge density on the surface of the dielectric is 
given by <r t -<7ll-l/A'>. 

SET L’P: from Table 24.2. for polystyrene A' - 2.6 and the dielectric strength 1 maximum allowed electric field) is 
2 xl 0 ? V/m. 

Execute: <a> •-Kt ,= < 2 . 6 k,-2.3 -10 ■“ c'/N m' 
lb> - £„rf-( 2 . 0 «! 0 ' V/mK 2 . 0 «l 0 m) = 4.0x10' V 

(cl £- —,md /7 -tE - (2.3x10 “ C'/N-m 1 >12.0x10' V/m)=0.46-10 ‘ C/m 1 . 

K *y 

a _<tJ l-i_ j -(0.46.10 ‘ C/m'Ml- 1 / 2 . 6 ) = 2 . 8.10 ‘ C/m'. 

Evaluate: The nel surface charge dciuity is - u -it = 1 . 8-10 'C/m 1 and th: clccliic field between Ihc 
plates is £-rr 
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24.44. 


24.45. 


24.46. 


24.47. 


21.48. 


Identify: C-Q/V. C- KC 0 . V - Ed . 

SET UP: Table 24.1 gives A' -3.1 for mylar. 

Execute: (a) A0 - Q-Q c = <K - 1>& - (AT -l)C 0 V 0 - <2. Ilf 2.5 X10 1 FKI2 V) - 6.3 * II) * C. 


<b> or =47(1-1/AT) so fi - (J<I - 1/AT) = <9.3x 10* 4 C)<1 -1/3.1) = 6.3x 10* C . 

(cl The addition of the mylar doesn’t affect the electric field sirxc tlx* induced charge cancels the additional charge 
drawn to the plates. 

EVALUATE: £ - Vid and V* is constant so £ doesn't change when the dielectric is inserted. 

(a) IDENTIF Y and SET IIP: Since the capacitor remains connected to the power supply the potential difference 
doesn't change w hen the dielectric is inserted. Use Eiq.i24.9) to calculate V and combine it with I:q.< 24.12> to obtain a 
relation between the stored energies and the dielectric constant and use this to calculate K. 

nn~ /21 i.85xio'' ji 

Execute: Before the dielectric i. inerted V.. - ±C.V 1 to V - —H -, —-- 10.1 V 

• yr, \ 360.10-F 


<bl K - CtC, 


„ V 1.85x10'J-.2.32x10 *J , ,, 

~TT, 1.85x10 J 

EVALUATE: K inttrures the capacitance and then from U — jCV". with V' ionium an inctcate in C give an 
increase in U. 

iDEvnFY: C -KC^.C - Qtv .V-Ed . 

SET Up: Since the capacitor remains connected to the battery the potential between the plates of the capacitor 
doesn't change. 

EXECUTE: (a) The capacitance chances by a factor of A' when the dielectric is inserted. Since Vis unchanced (the 


battery is still connected). 


45.0 pf „ 


Ml 


25.0 pC 


- AC -1 


(hi The area of the plates is ,t r J - *<0.0300 m>* - 2.827x 10 nT ansi the separation between them is thus 

. cA (8.85xlO ,J C7N m J K2X27xl« ‘ m J > . If4 > Dr .. ._. . , ^ t ^ cA Q 

d - -i— - -- 2.00 x 10 m . Before the dielectric is inserted. C --— 

C 12.5x10 F d V 

and V - ££ -_ l2 ^ lu . 1 " (,|l : <Mlx|11 m> _- 2.00 V . Tlx* batterv remains connected, so the potential 

€ v A <8.85 x10 C7N m X 2.827 x 10 m‘j 

difference is unchanged after the diclcctrx: is inserted. 

(cF Before the dielectric is inserted. £ - — - ‘ ' —--10(10 NC 

€,,A <8.85x 10 C7N X2.S27x 10 m) 

Again, since the voltage is unchanged after the dielectric is inserted, the electric field is also unchanged. 


Evaluate: £ — 


-1IXM) N/C. whether or not the dielectric is present. This agrees with the result 

d 2 . 00 x 10 m 

in part (c>. The electric field has this valiar at any point between the plates. We need d to calculate £ because V is the 
potential differerxe between points separated by distance d. 

Identity: C - KC, . U=lcv‘. 


SET UP: C, - 125 pF is tlx* value of the capacitance without the dielectric preset*. 

Execute: (a) With tlx* dielectric. C = <3.75x12.5 /if) - 46.9 /d 3 . 
before: V - LC 0 V‘ = 2ll2.5x 10 * Fn24.0 V) J = 3.60 mJ 
after: U =$CV' =±<46.9x10 * F«24.0 V>‘ - 13.5 ml 
<b> A U - 13.5 ml - 3.6 ml - 9.9 ml . The energy increased. 

EVALUATE: The power supply must put additional charge on tlx* plates to maintain the same potential difference 
when the dielectric is inverted. U - iQV . so the stored energy increases. 

IDENTIFY: Gauss’s law in dielectrics has the same form as in vacuum except that the electric field is multiplied by a 
factor of K and the charge enclosed by the Gaussian surface is the free charge. The capacitance of an object depends 
on its geometry. 

(a) SEr IIP: The caparitoncc of a parallel plate caparitor is C - K^Aid and the charge on its plates is Q = CV. 
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Execute: First find the capacitance 

Kc,A |2.lHS.85‘IO ij C'*/N in'X0.022S in') ||f _ |iv ,. F 
./ 1.00x10 • m 

Nim find the charge im ihc plaice Q Cl’ ^ <4.18-10 “ F|<12.0 V) = 5.02-10" C. 

(bl Set UP: Gauss's law within the dielectric gives KEA - 
EXECUTE: Solving for E gives 

E-<^- _ 51)21110 ' C _1.20.10* NC 

KAt, <2.1 X0.0225 tn*XS.85x 10 C/N m J ) 

(cl SET UP: Without the Teflon and the voltage source, the charge is unchanged but the potential irxTcoses. so 
C - t^Aid and Gauss's law now gives E\ - QU t . 

EXECUTE: First find the capacitance: 

_ <A <8.85 x I O’“ C*/N m J X0.0225 m J ) 


l .<0x10 ‘ ra 


99x. IQ r. 


O 5.02x10 'C 

The potential difference is V' - --25.2 V. From Gauss's law. the electric field is 

C 1.99xlO ,0 F 

£-JL __2.52-10' NIC. 

t,,A (8.85x10 u C /N • m >0.0225 m 1 ) 

EVALUATE: The dielectric reduces the electric field inside the capacitor because the electric field due to the dipoles 
of the dielectric is opposite to the external fold due to th* free charge on the plates. 

24.49. IDENTIFY: Apply !:q.< 24231 to calculate E V * Ed and C = QA' apply whether there is a dielectric between the 
plates or not. 

<j) Set lip: Apply liq.t 24.23> to the dashed surface in Figure 24.49: 

Execute: fxE x \ - 

|a£ dk - KEA 
sirxc E = 0 outside the plates 

C» 


IM 


Thus KLA - 




Figure 24.49 

and E - 


tAK 


(b> V = Ed ^ 


: t AK 

Q 


o 

[cl C- —= - 

V iQdtiAK) 


K^-KC,. 


EVALUATE: Our result shows that K - r/C 0 . which is Eq.(24.l2j. 

24.50. iDKVnn: C -14 C - QIV . V =. Ed . U •$€¥*. 

SET Up: With the battery disconnected. Q is constant. When the separation d is doubled. C is halved. 

Execute: <»> * ,l<llh In) ~ .4.s-l0"F 

d 4.7x10 in 

<b> Q = C \’ =(4.S-10’“ PM 12 V)=0.58«I0"C 
(c> E = V/d =(12 V)«4.7xl0'* m) - 2S50 V/ra 
<d> V ^iCV’ -$<4.8-10 " F»I2 V)-'-3.46x10* I 

<e> If the buttery is dtsconocctcd. so th: charge remains constar*. and the plates are pulkrd furlhrr apart to 0.0094 m. then 
the calculations above can be carried out just as before, and wc find: laj C = 241x10 1 F ib» Q- 0.58x10 ' C 

<c> £^2550 V/m id| V . — ^ " — ' 1 ' - .6.91x10 *1 

2C 2)2.41 x 10 Fj 

Evaluate: O is unchanged. E - — «* £ is unchanged. U doubles because C Is halved. The aclvlinonjl slued 

V 4 

energy comes from the work done by the force that pulled the plates apart. 
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24.51. 


24.52. 


24.53. 


24.54. 


24.55. 


24.54*. 


IDENTIFY anil SET UP: If the capacitor remains connected to the bnter)‘. the battery keeps the potential difference 
between the plates constant by changinc the charce on the plate*. 


Execute: ut 




C |S SS41 " * ■'S i:i~I 'i ni>~ _ 2.4> K 11 F ; 24 pF 

9.4x10 m 

(bl Remain. connected lo the buttery rays that V'uav* 12 V. Q =CV = (2.4x10 " F)|I2 V) = ’9«10 "C 


l' 

(cl E-- 


12 V 


I..1x10’ Wm 


d 9.4x10 m 

(dl U - IQV - i(2.9x 10 " C 1112.0 V) - 1.7x 10 v J 

EVALUATE: Increasing the separation decreases C With V constant, this itvans that Q decreases and V decrease*. 
Q decreases and E -Qlt,,A so E decreases. We come to the same conclusion fn>m E - V Id. 


IDENTIFY: C - KC - A'r 1( — V - Ed for a parallel plate capacitor: this equation applies whether or not a dielectric 

d 

is present. 

SET Up: A - 1.0 cm 3 = l.Qx 10 4 


Execute: <a> C^<10> 


85xlO ,: F/mKl.Ox 10 4 m*j 


7.5 x 10 


1.18 cj! : per cm. 


n 


(b> £ --- >l A -1.13xl0 ? V/ra . 

K 7.5x10 m 

EVALUATE: The dielectric material increases the capacitatKe. If the dielectric were not present, the same charge 
density on the faces of the membrane would produce a larger potential difference across the membrane. 

IDENTIFY: P -Eft . where E is the total light cix-rgy output. The energy stored in lb: c^acitor i* U - 4CV J . 
SETUP: £^0.95L' 

EXECUTE: (a) The power output is 6(H) W. and 95 r * of the original energy is concerted, so 


E-Pi ^<2.70x10* WMl.48x10 * *)-400J. £, ^ - 

! V‘ <125 V) 1 

EVALUATE: For a given V. tb: stored energy increases linearly with C. 
IDENTIFY: C-^ 


421J . 


Set Up: .4 - 4.2 x 10 * m*. The original separation between the plates is d - 0.700x10 m . is the separation 
between the plates at the new value of C. 


r i 


EXECUTE: c, ^ — 1,1 5.31x10" F. The new value of C is C - C. * 0.25 pF - 7.81 x 10'" F. 

d 7.00x10 m 


But C- 


\c (4.20x10 mic 


—— - 4.76 x 10 m . Therefore the key must be depressed by a distance of 


Execute: <a> d « r 


d' C 7.81x10“ F 

7.00x10* m-4.76x10 * m ^0.224 mm . 

EVALUATE: When tb: key is dc(vcsscd. d decreases and C increases. 

IDENTIFY: k*ampk 24.4 shows tbit C - ■ ~ ‘ * for a cylindrical capacitor. 

In </;/.„> 

SET UP: ln(l + I)>1 when x is smill. Tb: area <8* each conductor is approximately A - 2 Jir L . 

,. r 2.T c,L 2.T.U, yt 

In< Id r r m )fr m ) iMl + rf/rJ d d 
EVALUATE: <bl At the scale of part la) the cylinders appear to be flat, and so the capacitance should appear like th:* 
of flat plates. 

IDENTIFY: Initially the capxitors are conwcted in parallel to the source and we can calculate the charges Q x and 

Q. on each. After they are reconnected to each other the total charge is Q 3 ft - ft . V = ±CV 3 - ii- 

SET UP: After they are reconnected. the chvges add and the voltages air the sank:. so - C, + C\. as for 
capacitors in parallel. 
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Execute: Originally ft -C.V, -<9.0/iF)l2SV)-2.52x10 4 C and ft -<4.0//Fl(28 Vj - 1.12x10 4 C. 

~C,rC t = I30//P. The origin*] energy stored it f,'-iC„V' = 4(13.0-10 * F*2K Vi 1 =5.10.10 I. 
Disconnect Jihl flip Ihc capucKiKs. so do* - the total charge it Q — Q, -Qi -1.4 -10 ‘ C and the equivalent capacitance 

it till! Ihc time. C -13.0 i/F . Ihc new cnrrgv stored b U - - 11 1 |M —7.54-10 ‘ J . Ihc chance in 

* 2C„ 2(13.0-10 1 F> 

stored cncTgy it M.< = 7.45 x 10 ' J-S.I0-10 ‘j = -4.35x10 'J. 

EVALUATE: When they arc reconnected, charge Hows and thermal energy’ is generated and energy it radiated as 
electromagnetic waves. 

24.57. IDEVTIFY: Simplify the network by replacing scries and parallel combination* by their equivalent. The stored 
energy in a capacitor is U - iCV 1 . 


SET UP: For caparitors in series the voltage* add and the charges are the same: —-— + — + For capacitors 

Cm C, C t 

in parallel the voltages arc the some and the charges add; - C, + ft + ••• C - ^. V - ±CV 1 . 

EXECUTE: (a) Find Q for the network by replacing each scries or parallel combination by its cquivaknt. The 
successive simplified circuit* are shown in Figure 24.57a c. 

V, A =±e_l’'«±(2l9-10‘ Fill2.0 V)' = 1.58x10* J-I58//J 

<b) From Figure 24.57c. Q„ -C..V-<2.19x10* F)12.0 V)=2.63xl0 1 C. From Figure 24.57b. Q„ =2.63-10' C. 
V„ = - 2 ^‘ ^ - 5.48 V . U„ = }CV' = 4(4.80-10* FK5.48 V)' = 7.21x10 ' J =72.1 fil 

Thi* one capxitor stores nearly half the total forc'd energy, 
ft J 

EVALUATE: U - For capacitors in series the capacitor with the smallest C stores the greatest amount of 


*60 MF 7.56 jiF 

HHHh 

4.W) j*F 

(•> 0 » <0 

figure 24.57 

24.58. IDENTIFY: Apply the rules for combining capacitor* in scries and parallel. For capacitors in series th: voltage* add 
and in parallel the vofcagcs arc the some. 

SET UP: When a capacitce is a moderately good tximtacior it can h: replaced by a wire and the potential across it is zero. 
Execute: (a) A network that has the desired properties is sketched in Figure 24.S8a. C m% - ^ - C . The total 

capacitance is the same as each individual capacitor, and the voltage is spilt over each so that V - 480 V. 

<b> If one capacitor is a irxKlcratcly good conductor, then it can h: treated as a "short" and thus removed from the 
circuit, and one capacitor will have greater than (M) V across it. 

EVALUATE: An alternative solution is two in pvallcl in series with two in parallel, as sketched in Figure 24.58b. 




figure 24.58 


119|4F 
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24.59. 


(a) IDENTIFY: Replace series anil parallel combinations of capacities In' their equivalents. 
SET Up: The network is sketched in Figure 24.59a. 


. — 11 ^ 1 ^ 
1 ‘—ll-H I7J 

< \ * A 


C, •= C, = 8.4 pF 
Ci - C> - C x - 4.2 OF 


Hgvrt 24.59a 

EXECUTE: Simplify the circuit by replacing the cupxitor c«>nibimtions by their equivalents: and C t are in 
scries and can be replied by C (Figure 24.59b): 


□- 


1 _ 1 

\'C, 

C.C, 


Figure 24.59b 

|J -" FI|J -" |:) 2.1 UF 

C. + C t 4.2 pF + 4.2 pF 

C. and C xc in parallel and can be replaced by their equivalent (Ficure 24.5%): 



cv.-c.-c 






4.2 pF + 2.1 /if* 

5.3 pF 


Figure 24.59c 

C r C, and C Jm4 are in series and can be replied by (Figure 24.59d): 

— c. ^ 


C-u 


c, C. c 






Figure 24.59d 


8.4 pF 6.3 pf 
r -2.5.//F 


EVALUATE: For capacitors in series the equivalent capacitor is snxiller than any of those in scries. ls»r capacitors in 
parallel the equivalent capacitance is larger than any of those in ptrallel. 

(b) IDENTIFY and SET UP: In each equivalent network apply the rules for Q and V fee capacitors in series and 
parallel: start with the simplest nciwixk and work bock to the original circuit. 

EXECUTE: The equivaler* circuit is drawn in Figure 24.59e. 


J - 23J\- c 

\ 


O =(2.s //F)( 220 V) - S50 /iC 


Figure 24.59* 

Q { - Q, - Q iu - 550 pC (capacitors in series have same charge) 

C, 84 /if 

£_5^£_ 6 5V 

C. 8.4 up 




Capacitance and Dielectrics 24-17 


24.60. 


New draw the network as in Figure 24.59f. 


H 


V - 220 V 

t _ 


HI 


5 




v,-v „*7 V 

capacitors in parallel have the same potential 


v 5 = «a V 

Figure 24.59f 

ft “ ft 1 ’. " (4 2 /iF)(87 V)- 370 

ft. - ft.V„ - (2.1 y«F)(87 V) = 180 >C 

Finally, consider the original circuit (Figure 24.59g|. 

IS-MV . ift 

I-1-1 


V- 220 V 

1 


v h~- 


Cj— r 

-L—I 


ft,=ft.-ft.=l»t/«C 

capacitors in series have the same charge 


5 = 65V 

Figure 24.59 k 

-43 V 

= 43 V 


v _£. 180 
1 C. 4.2 ifi 
^ ISO^T 
C % 4.2 fjF 

Summary: ft = 550 /iC. V', = 65 V 
ft - 370 /iC. V t -87 V 
ft = ISO /iC. V x = 43 V 
ft- 180 pC, y 4 m 43 V 
ft - 550 /jC. * 65 V 

EVALUATE: V, ♦ V, - V, and V t *f V, •+ V, - 220 V (apart from some small rounding error) 
and ft s ft ♦ ft 

IDENTIFY: Apply the rules for combining capacitors in scries and in parallel. 

SET L‘P: With the switch open each pair of 3.00 //F and 6.00 /iFccpacitors are in seres with each other and each 
pair is in parallel with the other pair. When the switch is closed each pair of 3.00 //F and 6.00 jjY capacitors are in 
parallel with each other and the two pairs are in series. 


EXECUTE: (a) With tlx* switch open C 


3/iF 6 uY 


1 

3i/F 


>«!• 


- 4.00/iF. 


ft^ -CV- (4.00 //F> (210 V) - 8.40 x 10 1 C . By symmetry, each capacitor carries 4.20x 10 4 C. Tlx 
voltages arc then calculated via V' - QIC . This gives - Q/C t - 140 V and V. - 0/C* - 70 V . 

= 70 V . 

(b) When the switch ts closed, the points r and f must be at the same potential, so the equivalent capacitance is 


4.5 /jf . Q„j - C V - 14.50//FK2I0 V) - 9.5x 10 * C . and each 


(3.IXJ 16.001 fjY' (3.00 r 6.00) //F 

capacitor has the same potential difference of 105 V (again, by symmetry). 

(c) The only way for the sum of the positive charge on one plate of C 2 and the negative charge on one plate of 
C to change is for charge to How thnyugh the switch. That is. the quantity of charge tbit flow* through the 
switch is equal to the change in ft - ft . With the switch open, ft - ft and ft - 0 - 0. After the switch is 
closed. Q. - ft - 315 /iC . so 315/iC of charge flowed through the switch. 

EVALUATE: W r hcn tlx switch is closed the charge nwist redistribute to mike points <* and d be at the same 
potential. 
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24.61. 


24.62. 


(a) Identify: Replace the three capacitors in .scries by their equivalent. The charge on the equivalent capacitor 
equals the charge on each of ihc original capacities. 

SET UP: The three capacitors can be replaced by their equivalent as shmvn in Figure 24.61a. 

C. - MuF 


V “ 36 V 



r, - M/H 5 


_L 


J 


C,-4.2*F 

Figure 24.61a 


Execute: C 4 -C./2 so —-—— 


C C. C, 8.4 oF 


ind C -8.4 y/F/4 -2.1 //F 


p - C^V ^ (2.1 pF)( 36 V) = 76 

The three capacitors are in series so they each have th: same charge: p - p> - p* - 76 /iC 

EVALUATE: The equivalent capacitance for capacitors in series is smaller than each of the original capacitors. 

(b) IDENTIFY and SET UP: Use U - ±QV . We know each Q and we knew that V % + V l + V % = 36 V. 

Execute: 1/ - 4ft v; + IQV, ’ 4G.V, 

Bui Q,^Q,=Q.=Q iftlV, ♦V, V.) 

Bui alto V, -V, -V, - V’ - 3<^ V. so 6’ = 4ftl' - 4(76 pC)36 V'J -1.4-10 ' J. 

Evaluate: We could alto use If - Q‘ I2C and calculate V fee exh capocilce. 

(cl IDENTIFY: The charges on the plates redistribute to make the potentials across each capacitor the sunc. 

SET UP: The capacitors before and after they are connected are sketched in Figure 24.61b. 

d d d __ d, d d„ 

cr- <r -t' <r ~ - t ' 

Figure 24.61l> 

EXECUTE: The total positive charge that is available to he distributed on the upper plates of the three capacitors is 
Q> * 0.i r 0«i ♦ P«. - 3(76 - 228 fjC. Thus Q.+Qi+Q.- 228 After the circuit is completed the charge 

distributes to make V, - Vj - \\. V - p/C and F, - V', so 0 /C, - p, /C* and then C, - C, says p, - p,. V r , - V ; says 
QJC, - QJC and ft - Q {C,IC. >- ft<8.4 pF/4.2 /iF| - 2ft. 

Using ft, - ft aikl ft - 2p ; in the above equation gives IQ. r 2ft t Q. - 228 <iC. 

Sft - 228 jK' aixl Q. = 45.6 ^C. ft - Q, - 91.2 >C 

n«v 1 -fl-2!ii£-i.v.K.ft-2t*i£-..v.-d v, a ft.i2££E-i.v. 

C, 8.4 ,/F ’ C, 8.4 pF ' C, 4.2 ,,F 

The voltage arross each capac itor in the parallel combination is 11 V. 

Id) t'-4ftV,.-ftV',+iftl'. 

Bui V, ^ V. - V, » V - 4V,( ft ’ ft; * ft,) - 4i 11 v X 22* pC) - 1.3- 10 1 I. 

EVALUATE: This is less than the original energy of 1.4 x 10 J. The stored energy has decreased, as in 
Example 24.7. 

Identify: . CV «£rf . U *$QV . 

SETUP: d -3.0x10* m . A-xr k . with r- 1.0x10* m. 

Execute: ,»> c-Sd - ,S ^ U 12 * 'h.'it"."-"' m _ 9J „ 0 . F . 


3X1x10" 


11 


20 C 


- 2.2x10* V 


o 

lb> V - —- 

C 93x10 ' F 

|c| £-11 - V a 7.3» iq 1 y/m 

d 3.0x10 m 

(d> U-|pF-i(20CK2.2x10' V) = 2.2xltf 6 J 

EVALUATE: Thundercloud* involve vw large potential differences and large amounts of stored energy. 
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24.63. 


IDENTIFY: Replace icrw and parallel combinations of capacitors by their equivalent*. In each equivalent network 
apply the rules for Q and V for capacitors in series and paralkrl: start with the simplest network and work back to the 
original circuit. 

<a! SET Up: The network is sketched in Figure 24.63a. 



C* a 4.6 /jF 


Figure 24.63a 

EXECUTE: Simplify the network by replacing the c apacitor combinations by then equivalents. Make tlx* 
replacement shown in Figure 24.63b. 

I 3 

23 „F 

Figure 24.63b 

Next make the replacement shown in Figure 24.63c. 




- 2.3 pY + C 3 

-2.3pF + 4.6 pF - 6.9 pF 


Figure 24.63c 

Make the replace mem shown in Figure 24.63d. 



12 1 3 


1 

T 

C^ C, 6.9 pY 6.9 pY 

c « 

^-2.3 pF 


Figure 24.63d 

Make the replacement shown in Figure 24.63e. 


_L _L£ , " F 

f J_.T 



2.3 pF - 4.6 pF ♦13 pF 
C H *6.9 pY 


Figure 24.63c 

Make the replace mem shown in Figure 24.63f. 



(b)Cansidrr tlx* nctwixk as drawn in Figure 24.63g. 

. . C. 

it 

t 

V - 4211V 




Figure 24.63g 


2 t 1_3_ 

C mi ~ C, 6.9 pV 6.9 pF 

M 2.3 fM 


From part U) 2.3 pi* is the equivalent 
capacitance of the rest of the netweek. 
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The equivalent network is shown in Figure 24.63h. 

I - Ci - Mif 

f ° I r tViiF 

V - 431V 

l __ 

C, - 

Figure 24.63h 



The capacitors arc in series, 
so all three capacitor* haw 
the tame Q. 


But here all three haw Ihx tame C. so by V = Q/(' all three must have the same V. Thr three voltages must add 
to 420 V, so each capacitor has V’ = 14(1 V. The 6.9 pF to the right it the equivalent of C\ and the 13 pF 
capacitor in parallel. so V, - 140 V. (Capacitors in paralkl have the tame potential difference.) Hence 
<?, -C|F, = (6.9 pF*140 V)i9.7x 10 4 C and Q^C i V l ^<4.6pFXl4(l V) ^6.4 x10 ' C. 

(cl From the potentials deduced in pan tb> we have the situation shown in Figure 24.63i. 


V = 4. 



From part i a i 6.9 pF is the 
equivalent capacitance of the 
rest of the network. 


Figure 24.63i 


The three rightmost capacitors are in scries and therefore have the same charge. Birt their capacitances are alto equal 
so by V = Q/C they each have the same potential difference. Their potentials must sum to 140 V. so the potential 
across each is 47 V and V u - 47 V. 

EVALUATE: In each capacitor netweek the rules for combining V' for capacitors in scries and parallel are obeyed. 
Note lhat V tJ <V. in fact V-2(140 V>-2|47 V) = F^. 

24.64. IDENTIFY: Find the total charge on the capacitor netweek when it is connected to the battery. This is the amount of 
charge that flows through the signal dev ice when the switch is closed. 

SET UP: For capacitors in parallel. - C, + C, ♦ C\ + • • • 

EXECUTE: - C, -f C* + C. - 60.0 pF. Q - CV « <60.0 pFX 120 V ) - 72(H) pC . 

EVALUATE: Mcee charge is stored by the three capacitors in parallel than would be stored in each capacitor used 
altxve. 

24.65. <a) iDENTtrY and SET UP: Q is constant. C - KC % \ use Eq.l 24.11 to relate the dielectric constant K to the ratio of 
the voltages without and with the diekctric. 

Execute: With the dielectric: V' - Q/C - Q/{ KC V \ 
without th: dklcctric: V t - QfC> 

VJV ^ A', so A' ^ (45.0 V)/(11.5 V)= 3.91 
EVALUATE: Our analysis agrees with I:q.( 24.13). 

<b> IDENTIFY: The capucitnr cx\ be treated as equivalent to two capacitors C, and C, in parallel, one with 
area 24/3 and air between the plates and one with area A/3 and dielcctrx between the plates. 

SET L'P: The equivalent netweek l% shown in Figure 24.65. 






lifi 

7 


Figure 24.65 

EXECUTE: I-et C u - € y A/d be the capacitance w ith only air between the plates. C - KCJ3. C i - 2C 6 /3; 
C =C,^C 1 a<C,/3KA:^2) 


V - — - V. ! —-< 45.0 V if j - 22.S V 

C rJ A'r2 l A'^2 V 5.91 .* 


EVALUATE: The voltage is reduced by the dielectric. The voltage reduction is less when the dielectric doesn't 
coinpktely fill the volume between the plates. 
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24.66. 


24.67. 


24.6S. 


24.69. 


IDENTIFY: This situation is analogous to having two capacitors C x in series, each with separation ±{d - a). 
SET UP: I hit caparitors in scries.--t — 

c t c. 


Kmiih 


<->c= 


d-a d d-a d-a 

|c> As a -> 0 . C -> C,. The metal slab has no effect if it is very thin And as a -> d . C -> *3. V - QIC . V = Ey is 
the potential differerxe between two points separated by a distance y parallel to a uniform electric field. When the 
distarxe is very small, it takes a very large field arxl hence a Urge (?on the plates for a given potential difference. 
Since Q - CV this corresponds to a very large C. 

(a) IDENTIFY: The conductor can be at some potential V. where V = 0 far from the conductor. This potential 
depends on the charge Q on the conductor so we can define C = Q/V wSctc C will not depend on For Q. 

(bl SET Up: Use the expression for the potential at the surface of the sphere in the analysis in part la). 

EXECUTE: For any point on a solid conducting sphere V - Qi Azt,,R if V - 0 at r -* n. 


Q r*'* 

(cl C-4 tc,/?-4.t(S.S54x|0 ,j F/m)(6.38* HP m)^7.IOx|(1 4 F-710^F. 

EV ALUATE: The capacitance of the earth is about seven times larger than the largest capacitances in this range. The 
capacitance of the earth is quite small, in view' of its large si/e. 

iDEVnFY: The electric field energy density is . For a capacitor U - II- 

SKT Up: For a solid coodixtinc sphere of radius /?. £ = 0 for r < R and E --— foe r > R . 

4.r V 

Execute: (a) r < R : u - E 2 - o. 


(b> r>R: 


Xx c,r I 32t cr 


(c> V xJudV ^4*Jr 


8r *v. ’ **<* 


(d l This energy is equal to 4 - which is Just the energy retired to assemble all the charge into a spherical 

distribution. (Note that being aware of double counting gives the factor of 1/2 in front of the familiar potential energy 
formula for a charge Q a distance R from another charge Q.\ 

Evaluate: (el From Equation l24.9>. V U - from part (c). C - . as in Problem 124.67). 

2C St€jR 

IDENTIFY: We irxuiel the earth as a spherical c^iacitor. 

SET Up: The capacitance of the earth is C - 4,t<,.—-— and. the charge on it is Q = CV, and its vtixi'd energv is 

v=^cv‘. 

i (6.38* I tf'm|(6.45 x Iff m| 

EXECUTE: (a) C --- 6.5 x 10 ' F 

9.00x10 N-m/C 1 6.45*10’ in- 6.58x10’ in 


(b> Q - CV - (6.54* 10 1 F)(350.000V) - 2.3* 10* C 


<c» U-±CV‘ -4(6.54x10' 1 F)(35a000 V) 1 =4.0*ltf' J 

EVALUATE: While the capacitarxe of the earth is larger than ordinary laboratory capacities, caparitors much larger 
than this, such as 1 F. arc readily available. 
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24.70. 


24.71. 


24.72. 


IDENTIFY: The electric field energy density is « - . f/ - ii- . 

SET UP: For this charge distribution. £ - 0 far r < r . £-I— foe / < r < r and £ - 0 for r > r . 

Example 24.4 show* that — - -\— for a cvlindncal capacitor. 


L 1 iXr/r) 


Execute: <a> * - U,E : - 




2TC/I 8tV 


tb> 1 / - (ju/F - 2rJ.firftfr - -H— I — and --—ln<r fr ). 

J J 4.74 ir L 


4.74. 


(cl Using liquation 124.91, U - ^—ln(r/r I - £-^-ln<r fr ). This agrees with the result of port (b). 

2C 4 \x\L " 4 * 4 ^ 

O' 

Evaluate: We could have used the results of part ibl and V - — to calculate V/L and would obtain tlx- same 
result as in Example 24.4. 

IDENTIFY: C - QtV. so we need to calculate the effect of the dielectrics on the potential difference between the 
plates. 

SET UP: Let the potential of the positive plae be V.. the potential of the negative plate be V . and the potential 
midway between the plates where the dielectrics meet be K. as shown in Figure 24.71. 


Q 


C —±. 

v.-y. 

1' = V t V' . 


Figure 24.7 


Q 

Execute: The cfcctric field in the absence of any dielectric is E. --. In the first dielectric tlx- electric field is 

S'* 


reduced to £\ - _ _ 


£ - Q — E £ 


ind V. - £ - 


In the second dielectric the electric field is reduced to 


K,2*A 


_„ ,»■ + v —2£- + _a£_-LI. 

K t K A A *• M) K k \A * - K,2.,A K : 2.,A 2^U, K, 

v - JUS L*£l 1 ibu of Mlf . M -Mi-1 


24/U. A .a. 


CA/ ” A,-f A t ; rf A>A' 


EVALUATE: An equivalent way to calcuUtc C is to consider the capacitor to be two in scries, ooe with dx-lectnc 
constant A', and the other with dielectric constant A\. and both with plate separation dfl. (Can imagine inserting a 
thin conducting plate between the dielectric slabs.) 

C - K M- - 2K — 


dll 


J 


C.-K M-2K M 
‘ d/2 * ,1 

Since they arc in write. Ihc total capacitance C is riven by — —-• — so C - - —--1 

C C, C C t rC 2 d I ATj-fATj 

IDENTIFY: Ibis situation is analogous to having two capacitor* in purallel. each w ith an area At 2. 

Set Up: For capacitors in parallel. -C t +C : . For a parallelpiatc capxitar with plates of area A/2. C 


Execute: C - C *• C% - 


c.A/2 c.A/2 A 




1 1 


EVALUATE: If a; - K 1 . - A' — * which IS Cq.(24.l9>. 
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24.73. 


IDEYT1FY and SET UP: Show the transfarin;*ian from i>ne circuit to the other: 

C. 





ini 




Cue it I 


Circuit 2 


Future 24.73a 


EXECUTE: (a) Consider the two networks shown in Figure 24.73a. From Circuit 1: V - 1 1 ■ and V' 




if is derived from V' V-- 

c c 




This gives q - 


ccc 


•— — Si. U jc 3i —. 


C. C.4C.+C c. c. c. c. 


v - aDd v - 

coefficients of the charges equal to each other in matching potential equations from the two circuits results in three 
independent equations relating the two sets of capacitances. “Hie set of equations are-—! I - 


r, Cl KC t KC 


-—I 1 ----I and-. from tforse. subbing in tK: expression for K. we get 

C, cl KC KC.) C. KC.C 

c, = IC.C, + C.C rCC.I/C. . C, = IC.C, rCC -r C.) jc, and C, = <C.C, .CC +CCJ/C 
(b> Using the transformation of part ta> we have the equivalent networks shown in Figure 24.73b: 

C 



H 


1 C > 

1 _II_r 

1 

II 





c, c, 

Hh 


Figure 24.73b 

C, = 126 fiV '. r, a 28 ^F. C - **2 ;/F. C t - 42 fiF . C* - 147 ;tV and C % - 32 /tF . The total equiv alent capacitance 

1 l 1 1 1 


72 i# 126 uF 34.S uV 147 it F 72 uF 


14.0 UF. w tx*re the 34.8 /jFconxvs from 


34.8 i/F 


\2tiF 32/iF J 128 /jF 42 itY 
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24.74. 


(c) The circuit diagram can be redrawn at shown in Figure 25.73c. The overall charge is given by 
Q - C^V - (14.0 /|FK36 V) - S.04 x 10 4 C . And this is also the charge on the 72 i/Y capacitors. 
B# 5.04x10 4 C 

v '-wr 70v - 


30 v 


72 u\ 


I 


72mI ; 


Figure 24.73c 

Next we will find the voltage over the numbered capacitors, and their associated voltages. Then those voltages 
will be changed back ir#o voltage of the original capacitors, and then their charges. Q - Q< - 0 : . - 5.<K4x 10 4 C. 


5.01x10 4 C 
147 -10 *Y 


- 3.43 V and V. - 


5.01 x 10 % C 
126 -10 " I 


- 4.(K) V . Ihcrcfore, 


y C l . ^ y c c ^ (56.0 - 7.01 - 7.00 - 4.1X1 - 3.43) V ^ 14.6 V . Hut CJ>C X C<) - — + — - 16.8 fiY and 

) 

( ‘ - 2 45 -10 4 C and 

ft -ft. -v, , C^ |l( | =2.M.I0 ‘C.Thcn A^S.HV. V; -£_-6.3V. 1’ -£j^5.8V and 

«^- = 8.3 V . V_ =V, -V, -V„-13V and 0,-ft.V',, = 2.3.10 ‘ C. V, =l' ( t l',. -10V and 

ft r ■ CbV„ - 2,8.10 * C. V, - V’-. -* V, -V,-9 V and ft,, - C .V',, - 2.6-10 1 C. = V f , * = V u = 12 V 

“CjjV',, - 2.5*10 ‘ c . V fc =V fl -V fl »V,»23V and ft«C,V,-l.Sxl0*C. 

EVALUATE: Note lhal 2V„ tV (1 *V a - 2(7.0 V) + I3 V+9 V . 36 V. uilahoukL 

IDENTIFY: The force on one plate is due to the electric field of the other ptac. The electrostatic fcece must be 
balanced by the forces from the springs. 

SET l.*P: live electric field due to one plate is E - . The force exerted by a spring compressed a distance 

Z%~ Z from equilibrium is L(c* — Z) . 

1 (CVf V 1 tAV* 


EXFXUTK: (a) The force between the two p»allel plates is F - - —-. 

2‘, 2vl 1m,A ? 2- 

(b> When V - 0 . the separation is just When V a 0 . the total fcece from the four springs nwist equal the 

electrostatic force calculated in part la). F 4tflM<t - 4^(c> - C) - -■ » * - and 2c* - 2z'z» ^^—-7 -<>• 

|c) For A 3 0.300 m 1 . ^= 1 . 2 x 10 * in. *=25Wmand l r ^ 120 V. so 2 c l -(2.4x!0 1 mtc* *3.S2x 10 J * m* =0 
The physical dilutions to this equation arc c - 0.537 mm and 1.014 mm. 

EVALUATE: (dl Stable equilibrium cccurs if a slight displacement from equilibrium yields a face back toward the 
equilibrium point. If one evaluates the forces at snvill displ&remcnts from the equilibrium positions above, the 
1.014 mm separation is seen to be stable, but n*rt the 0.537 mm separation. 
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24.75. IDENTIFY: TTie system can be considered to be two capacitors in parallel. ooe with plate area L\L - x j and air 
between the plates and one with area Lx and dielectric filling th: space between the plates. 

s»:r UK C - — - fin a parallel plate capacitor with plate area A. 
d 

EXETtiTE: (a) C-^-<(E-x)lx xKL)-lLil.-<\K -!)i) 

d n 

<1*1 dU - lldClV' 1 . where C-C, + ’ rf,A 'l • »'i* C p »i£ll + <A-lilt. This gives 


(Oil tit charge i*kepi luntianl on the plate*, then (> - Lt(K- 
U. -j &UmU-U,m- iK ~ l)t » V>L 

i ; dc. ' • id 


A - 1HI and Um<CV t m>C t V , \ £. I 


! 


(K — I V*L 

<d> Since dV - -Fdx - - ^ dx . the force is in the epposite direction to the motion dr. meaning that the 

slab feels a force pushing it oat. 

EVALUATE: (el When th: plates are connected to the battery, the pltfcs plus slab arc not an csolated system. In 
addition to the week done on the slab by the chirgcs on the plates, energy is also transferred between the battery and 

the plates. Comparing the results for dU in pari (cl to dU - -Fdx gives F —— 

24.76. IDENTIFY: C - Q/V . Apply Gauss s bw anti the relation between potential difference and electric field. 

Set UP: Each conductor is an euuipotcntial surface. V -V\-\ * E> dr - f ' E { dr. so £ u - . where these 

are the fields between the upper and lower hemispheres. The electric field is the same in the air space as in the 
dielectric. 

EXECUTE: (a) Ixir a normal spherical capacitor with air between th: plates. C, - 4.TC, —j. The capacitor 
this problem is equivalent to two purallel capacitors. C L andC u . each with half the plate area of the normal 
capacitor. C. - AL. - 2tAc. I anil C, - —= 2**1 -2L j C - C. » C. - lit 11 • A' 


X 




r » “ r . 




(b| Using a hemispherical Gaussian surface for each respective half. -. so E t - ^ -. and 

2 2r^c,r 




—. «o £ - 


. Qv 


2.T€,, 


Bui Q. - VC ,.(*! O - VC. Also. Q. Therefore. 


VC K 


*X?u 


ilKl Q a = JL. ft - — . This gives E, — - - ---- .u*l 

l.» I- K ' 1 I * K 2jzKf,t' 1 +Mats' 


E. - 


A 2xKt,r' I ’ A ixKt.' 


We do find that E,, - E . 


(cl The free charce density on upper and lower hemisptercs arc: [a . ) u - 




2.TI- 2f.,-(liA'| 




. Q, 


KQ 


Isr.' "ir^ll.A') ' <<7 ‘'* >L “2^"2*r.'(l+ A)2-rr/ " 2*r,‘(I+A) 

Idl .. g 

‘ \ K 1 2x, : I A -1 ' ' A-l ./2-Tr' 


.A-l>\ <« 


A-l\ Q 


“* ' v<l A , l 2^U'-l.RA*l. l 2^r. 

(el There is zero houixl charge on the Hat surface of the diekrctric air interU kc. or else that would imply a 
circumferential electric field, or that the electric field changed as we went around the sphere. 

EVALUATE: The charge is not equally distributed over the surface of each conductor. There must be more charge on 
the lower half, by a factor of K. because the palari/ation of the dielectric means mixe free charge ks needed on the 
lower half to produce the same electric field. 
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24.77. IDENTIFY: The object is equivalent to two identical capacitors in paralkr). where each has the tame area A. plate 
reparation d and dielcvtnc with darlectric constant A". 

SET VPz For each capacitor in the parallel combination. C —— 

EXKflTE: (a) The charge distrituxion on the plater iv shown in Figure 24.77. 

Cs2 rvii 2M2JOO120O01 

{ d I 4.5x10 m 

EVALUATE: If two of th: plalef are separated by bolh shed' of paper to form a cipucttiK. C - ----— 

2d 4 

smaller by a factor of 4 compared to the capacitor in the problem. 



Figure 24.77 

24.78. IDENTIFY: As in Problem 24.72. the system iv equivalent to two capacities in parallel. One of the capacitor* has 

plate separation d. plate area - ft) and air between the plates. The oth:r has th; same plate separation */. place area 
wh and dielectric constant K. 

SET l.»P: Define by - —* A . where A - wL . lor two capacitors in parallel. - C, -t C t . 

Execute: (a) The capacitor* are in parallel, so C - Lilli. — — ♦ | ^ hi - !L j . This give* 

d d d \ L L) 


A'. - 


Kh A 

17 T 


(b) For gasoline, with A -1.95: 1 full: A. g j ft - £ | = 1 .24 ; 1 full: A' #1 1 ft - ^ | - 

-full: A' I ft1-1.71. 

4 V 4 


(c) For methanol 


. with AT - 33: — fall: A' h -9: 1 full: K A — — | — 17; — full: K . ft-— =25. 
4 - 4 2 2) 4 - 4 


(d) This kind of fuel tank sensor will work best for methanol since it has the greater range of K x values. 
Evaluate: When A = 0. A' g = 1. When ft - L . K.. = K . 
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15.1. Identify: 

SETUP: I .Oh- 3600 s 

Execute: o - It ^ <3.6 AX3.OM360Os) ^ 3.S9* io 4 C. 

EVALUATE: Compared to topical charges of objects in electrostatics. this is a huge amount of charge. 

25.2. Identify: / -Q 't . Use / - «|g|i d /f to calculate the drift velocity v y 

SETUP: A.S^KlO”m' > . bUl.MxlO'" C. 


EVICT TE: (.)/,£- - 8.75-10 ' A. 

Ib> / - nlglvl This gives r d --L- ■ ■ - m 


fr.75xlO * A 


1.78x10^ m/s. 


' ' nqA (5.8xliT XI.60x10 CX*(l-3xlO m) ) 

EVALUATE: V d is smaller than in Example 25.1. because / is smaller in this pretolcm. 

25.3. Identify: / ={>.'/. J = I/A. J = nty\v 4 

SET Up: ^ . with D - 2.05 x 10 * m . The charge of an electron lias magnitude re - I 60x 10 * C. 


Execute: (a) Q-h -<5.00 AMI 00 s)- SOW C. n>c number of electrons is --3.12x10". 

c 


(b> ./ - 


/ 5.00 A 

l.7'4i/r ~ t.T. 4X2.05x10 
./ l.Slxltf' Am 4 


5lxl0‘ Am*. 


1 . 11 x 10 4 ms - 0.111 


J nj^| <8.5x10’m # Xl 60xl0 " C) 

EVALUATE: (a) If/is the sanx*. J - / •' A would decrease and v, would decrease. The number of electrons 
passing through the light bulb in 1.00 s would not change. 

25.4. <a) Identify: By definiboo,./ - VA and radius ts one-half the diameter. 

SET Up: Solve for the current: / - JA - MD/2) 2 

Execute: / - (1.50 - !0‘ A.m : x*>|(O.OOI02 mV2f - 1.25 A 
EVALUATE: Thus is a realistic cunent. 

<b) IDENTIFY: The current density rs J - nq\' a 
SET UP: Solve for the drift velocity: V| - J nq 

Execute: Since most lahoratcvv wire is ccfipcr, we use the value of n for copper, giving 
v 4 S(1.50x10* Am ; ). l |(8.5 x ltf‘ clm’Ml-60 x 10 "C>- 1.1 x I0‘ mi-0.11 mini 
EV ALUATE: Thus is a typical drift velocity for ordinary currents and wires. 

25.5. IDENTIFY and SET Up: Use Lq. (25.3) to calculate the drift speed and then use tint to fmd tlx tinx to travel the 
length of the wire. 

Execute: (a) Calculate the drift speed i : 


/ala -L 

A xr 


4.85 A 


-1.469* 10* Am 1 ' 


A *{1.025x10 ‘ m) 

J 1.469x10* A.m* 

4 (S.Sxlty.m'1(1.602x10 

-la. . < ! 7I0 7 _6.58x10*i 

v 1.079*10 ms 


079x10 4 m s 


10 nun. 


25-1 
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lb) v. - 


■ 


„£_£4!i 

V 4 1 

t is proportional to r' and hence to d m where d - 2 r is the wire diameter, 

r-f658x10' ii\ 4 :2 ,niW = 2.66xIO 4 *-440 mm. 


2.05 mm / 

<c> EVALUATE: The drift speed rt proportional to the current density and therefore it is inversely proportional to 
the square of the diameter of the wire. Increasing the diameter by some factor dxxeascs the drift speed by the 
square of that factor 

25.6. iDCMlfY: The number of moles of copper atoms is the mss of 1.00 m divided by tlie atomic mass of copper. 
There are \\ - 6.023 x 10*' atoms per mole. 

SET Up: The atomic mass of copper is 63.55 g/mdc. and its density is 8.96 g/cm T.xample 25.1 says there are 
8.5x I 0 : * free clcctrocw per m*. 

EXECUTE: The number of copper atoms in 1.00m is 

(8.96 g/cm 1 XI.00x10* cm , /m , X6.023xl0 21 atoms/mole) #i ( . 

• -S.49x|0‘ atoms* m . 

63.55 g/molc 

Evaluate: Since there are the some number of free electron*/m * as there are atoms of copper/m ‘ . the number 
of free electrons per copper atom is one. 

25.7. IDENTIFY and Set Up: Apply Eq. <25.1I to find the charge JO in time dt. Integrate to find the total charge in the 
whole time interval. 

Execute: (a) dQ - / di 

Q-j "‘(S5 A-(0.65 A/%?yyil - [(55 A )f-(0.217 

(? = (5S A)(S.O*)-(0.217 A.'» J |{8.0*>‘ -J30C 

<b> /-£-“»£-41 A 
I S.Oi 

EVALUATE: The current decreases from 55 A to 13.4 A during the interval. The decrease is not linear aixl the 
average current is not equal to <55A • 13.4 A)2. 

25.8. IDENTITY: / -O'i . Positive charge flowing in ooe direction is equivalent to negative charge flowing in the 
opposite direction, so the two currents die to Cl and Na are in th: same direction and add 

SET UP: Na and Cl e:eh hive magnitude of charge |i/|- re 

Execute: (a) (?««, M»b + "».>' , *<3.92xl0“ + 2.68xl0")<1.60xl0 " C>-0.0106C. Then 
0.0106 A = 10.6 mA. 

! I.OOj, 


<b> Current Hows, hv convention, in the direction of positive charge. Thus, current flow* with Na toward the 
negative electrode. 

EVALUATE: The Cl ions have negative charge and move m the direction opposite to the conventional current 
direction. 

25.9. IDENTIFY: The number of moks of silver atoms is the mass of 1.00 m* divided by the atomic miss of silver. 
There are A t a - 6.023 x 10 : ' atoms per mole. 

Set UP: For silver, density - 10.5x I0‘ kg'm and the atomic mass is M - 107.868x10 kg. mol. 

EXECUTE: Consider 1 m of silver. »\ - (density )P - 10.5 x 10* kg . n - m/3/ - 9.734 xlO 4 nxil and the 
number of atoms is jV - ;iV A - 5.86 x 10** atoms . If there is one free electron per atom. tlerc are 
5316 x 10' 1 free electrons/m*. This agrees with the value given in Exercise 25.2. 

Evaluate: Our result verifies that for salver there is approxinutcly one free electron per atom. Exercise 25.6 
showed that fee copper there is also one free electron per atom. 

25.10. <a) IDENTIFY: Start with the definition of rcsisitiv ity and solve for E. 

Set Up: E - pJ - piftr 

Execute: £-(1.72 X 10 ‘ n mM2.7S A>'lx(0.00 1025 ml 2 )- 1.43 X 10 • VAn 
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25.11. 


25.12. 


25.13. 


25.15. 


EVALUATE: The field is quite weak, since the potential would dn>p only a volt in 70 m at* wire. 

<b> IDENTIFY: Take the ratio of the field in silver to the field in copper 
SET UP: Take the ratio arxl solve for th: field in silver: £* - £<</V/A> 

Execute: £* - (0.0143 V/roX(l.47W 1.72)1 “ 122 x io * V/m 

EVALUATE: Since silver is a belter conductor than copper, the field in silver is smaller than the field in copper. 
IDENTIFY: first use Ohm’s law to find the resistance at 20.O 3 C; then calculate the resistivity from the resistance, 
finally use the depmdetKe of resistance on temperature to calculate the temperature coefftrient of resistance. 

SET Up: Ohm's law k R - V/I. R - pUA. R - RJ 1 ♦ c*T T*)). and the radius is one-half the diameter. 
EXECUTE: (a) At 20.0°C, R - V/I - (15.0 VK1H.5 A) - 0.811 n Using R - pUA and solving for p gives p - 
RAL - RxiDtlf/L - (0.S 11 n>x((O.OOSOO mV2\ 2 >\ 1.50m)- 1.06 x 10 * fl-m. 

<b) At 92.0°C. R - V/i - (15.0 V)(17.2 A) - O.S72 il Using /? — 1 ♦ (JT- r«)] with 7;, taken as 20.0°C. we 

have 0.87211 - (0.811 121)1 t <i(920 : C 20.0’C)]. TTiU gives a - 0.00105 (C”) 1 
EVALUATE: The results are typical of ordinary nxials. 

IDENTITY: E - pJ . where J -//A . The drift velocity is given by / - /?|9|t* c /f. 

SETUP: forcoppex. 1.72x10* Cl m. n ^8.5xl0''.’m*. 


Execute: u) J - — 


!.6 A 


A <23x10 4 m>* 


- 6 . 81 x 10 'A m’. 


<b> E - pJ =(1.72x 10* D m)(6.8l x I0' A’nT)-0.012 V/m. 

<cl The time to travel the wire's length / h 

/ in\f\A (4 0m)(8.5xlO :, ;WK1.6xlO *C)(2Jxl0 * m)* ^ 

”v7 7 3.6 A 

r-1333 min * 22 hrs! 

EVALUATE: The currents propagate very quickly alceig the wire but the indivxliul electrons travel very slowly. 
Identify: E - pi . where J - If A. 


SETUP: For tungsten />-5.25x10 ' O m and for aluminum p - 2.75x10 ‘ O m. 


EXECUTE: (a) tungsten: L - pJ - 

A 


nl (5.25x10 ' O m)(0.820A> 


LT,* 41(3.26x10 ml 
pi (2.75x10 ' O in 1(0820 A) 


y— = 5.16x10 V/m, 


2.70x10* V/m. 


!b| aluminum- E - pJ - — 

A U/4M3.26xl0 m) m 

EVALUATE: a larger electric fiekl is required fee tungsten, because it has a larger resistivity. 
IDENTIFY: Hie resistivity of the wire should identify what th: rmterial is. 

SET UP: R - pLA and the radius of the wire is half its diameter. 

EXECUTE: Solve tor j?and substitute the numerical values. 


p-AR/L*x{DI2fRlL* 


t ([0.00205 mitt)* (0.0290 Cl\ 


- 1.47 x 10' il 


L50 


EVALUATE: THk result rs the sanx as the resistivity of aim. which implies that the material is silver 

<a) IDENTIFY: Start with the definition of resistivity and use its dependence on temperature to find the electric 

field. 

setup: r.-pj-p„\\ -otr-r,ii-4 

xr 

Execute: £-(5.25 xlO * n m>[l (0.0045 C a )(I20°C 20°C)1<125 Ay [ *<0.000500 m) 2 \ - 1.21 V/m. 
(Note that the resistivity at 120°C turns exit to be 7.61 x 10 * d m.) 

EVALUATE: This result is fairly large because tungsten has a larger reswitivity than copper. 

<b> IDENTITY: Relate resistance and resistivity. 

Set Up: R - pi. A - pL/xr* 

Execute: ff-(7.6l -10 ‘ n mKO.150 mV[»(0.000500 m)'] - 0.0145 O 
EVALUATE: Most metals have very low resistance. 

(cl IDENTIFY: The potential difference is proportional to the length of wire. 

SET UP: V - EL 

Execute: E- (121 V/mRO.150 ml - 0.182 V 

EVALUATE: Wc could also calculate V - JR - <12.5 ARQ.0I4S Q) - 0.181 V . in agreement with part (c). 
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25.16. 


25.17. 


25.18. 


25.19. 


25.20. 


25.21. 


i 


pL 

I NOTIFY: Apply R -and solve for L. 

A 

SET UP: A - zD' i 4 . where D - 0.462 mm . 

Execute: , _ ** _ OMaWW**"* -l 1 975 

p 1.72x10* Ora 

EVALUATE: The resistance is proportional lo the length of the wire. 

(NOTIFY: R — 

A 

Set Up: For copper, p = 1.72x 10 * il m. .4- xr*. 

n (1.72x10 *0 mK24.0m) A t _ r ^ 

Execute: R -0 1250 

,r(l.025x 10 m) J 

E'VALLATE: The resistance is proportional lo tlic length of the piece of wire 


IDENTIFY: R - 


pi pi 


zd' 4 


SET UP: For aluminum, p A - 2.65x 10 * O m. For copper. p % - 1.72x10'* O m. 

EXECUTE: — - — - constant . so —i - — rf = d A j— - (3.26 
+ 4/. d* d; 


1.72x10 ' ft m 


- 2.64 mm. 


2.63x10* O m 

EVALUATE: Copper has a smaller resistiv ity, so the copper wire has a smaller dianxter in order to have the some 
resistance as the aluminum wire. 

IDEOTIFY and SET UK Use Eq. (25.101 to calculate A. Find the volunx of the wire aixl use the density to 
calcuUtc the mass. 

EXECUTE: Find tlx volume of one of the wires: 

ff ,£iso^,£iond 
A R 

0 t} (1.72x10 'ft m)(3.50 m) J 

volume - AL - -— - -1.686x10 " m‘ 

R 0.125 0 

m = (density )F = (s.9x 10* kg m*)(1.686x 10* m 1 ) =■ 15 g 
EVALUATE: The masvt we calculated is reasonable fur a wire. 


Identify: R- 


Set Up: The length of the wire in the spring rs the circumference xd 
EXECUTE: L ■* (15>ird = (75>c(3.50x 10’m) = 8.25 m 
.-I“ .rr' =arf*/4-.r(3.25xlO 1 m)-\'4-K30-I0* m 1 . 

RA (1.74 0X8.30x10* m*| 


h c ml times the number of coils. 




1.75*10“ ft in. 


8.25 m 

EVALUATE: The value of p we calculated k about a factor of 100 times larger than p for copper. The metal of 
the spring is not a very good conductor. 

IDEOTIFY: R-^ 


SET Up: L - 1.80 m. the length of ooc side of the cube. A - L\ 

Execute: r-1±-£L^ : ^'> , i.53xio'ft 

ALL 1 . 80 m 

EVALUATE: The resistance is very small because .*1 is very much larger than tlx typical value for a wire. 
IDEOTIFY: Apply R, - j^(l+<r<r-T,)). 

SET Up: Since V - IR and F is the same. For tungsten, a ^ 4.5*10* (C 0 )* 1 . 


25.22. 
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25.2*. 


25.29. 


25.30. 


25.31. 


25.32. 


25.33. 


25.34. 


Identify: R, ^ jy 1+ a{T - T 4 )] 

SET UP: R, - 2173 ft. R t - 215.8 ft . For carbon, r/ - -0.00050 (C°) *• 

Execute: r-r, - - <2 ™ -13.8 C°. r.|j.sc : ? 4.0°c,l7.s ; c. 

EVALUATE: For carbon, a is negative so ft decreases as T increase*. 

pi 

IDENTIFY aixl SET UK Apply ft - f— to determine the effect of increasing A and L 

A 


EXECUTE: (a) If 120 strands of wire are placed side by side, we are effectively increasing th: area of the current 
earner by 120. So the resistance is smaller by Ihit factor: ft -<5.60x10 *ft)/l20 = 4.67x10'* (I 
(b) If 120 strands of wire arc placed end to end. we arc effectively increasing the length of the wire by 120 , and so 
R -(5.60x10 * (2)120- 6.72x 10'12. 

EVALUATE: Flaring the strands sid: by side decreases the resistance and placing Item end to end increases the 
resistance. 

IDEYIIFY: When the ahenmeter is connected between the opposite faces, the current flows along its length, but 
when the meter is comxcled between the inner and outer surfaces, the current flows radially outward. 

(a) SET Up: For a hollow cylinder, ft - pl/A % where A - sib 2 a 2 ). 

pi <2.75x10*0 m)(2.50m> A 

ft - pLf A -i--- - 2 00 x 10 n 

x[b 2 -o*) .t| 10.0460 my -<0.0320 m) 1 j 

For radial current flow from#* - a to r - b. ft - iplsli Inffo*Vr) (Example 25.4) 


Execute: 


(b)SET l. : P: 

Execute: 


= bn7» fa] 


2.75x10 


fl m, < 4.60cm 
-u 


- 6.35 ?! 10 " ft 


2.r(2-50 ml U 20 cm 

EVALUATE: The resistance is much srmller for the radial flow because the cuirent flows through a much smaller 
distaixe and th: area through which it flows is much Lirger. 


IDENTIFY: 


Lsc ft to calculate ft and then apply V - fit f - Vf and energy - Pi 
A 


SET Up: For copper, p - 1.72 x 10 ' ft m. A - sr' . w here r - 0.050 m. 


EXECUTE: (a) R - -— 
A 


pi (1.72x10 ' ft mXlOOxIO'm) 


0.219 ft. V ^ JR - <125 AK0.2I9 ft) ^ 27.4 V. 


t(0.050 my 

(b> P ^ VI ^ <27.4 VM125 A> ^ 3422 W ■ 3422 S/% and energy ^ Pt ^ (3422 5**3600 s) = 1.23x I0 1 J. 

EVALUATE: The rate of electrical energy loss in the cable is large, over 3 kW. 

IDENTIFY: When current passes through a battery in the direction from the - terminal toward the ♦ termini!, the 
tcrminil voltage of the battery is V u , -£- !r . Also. K a - IR. the potential across the circuit resistor. 

Set UP: £ ^ 24.0 V. / =4.00 A. 

£-V> 240 V-21.2Y 


Execute: (a) V -£-fr gives r - 


J.7CK ft 


4.00 A 


V ’1 1 V 

(b> 0so —-5.30fl 

/ 4.00 A 

EVALUATE: The voltage drop across the internal resistance of the battery causes the terminal v oltage of the 

^4 0 V 

battcrv to be less than its cmf. The total resistaixc in the cireuit is R + r - 6.00 ft / - --4.00 A. which 

6.00 ft 

agrees with the valu: spxificd in the probVrm. 
iDEvnn: V -£-tr. 

SET Up: The graph gives V - 9.0 V when / - Oand / - 2.0 A when V - 0. 

EXECUTE: (a) £ is equal to the terminal voltage when the current is zero. From the graph, this is 9.0 V. 

(b) When the terminal voltage is zero, the potential drop across the internal resistance is just equal in magnitud: to 
the internal cmf. so r/ - £ . which gives r - £ //- (9.0 V>(2.0 A) - 43 ft. 

EVALUATE: The terminal voltage dxreascs as the current through the buttery increases. 

(a) IDENTIFY: The idealized ammeter lias no resistance so there is no potential drop arross it. Therefore it acts 
like a short cireuit across the terminals of the battery and removes the 4.00-ft resistor from the circuit. Thus the 
only resistance in th: circuit is the 2 . 00 -ft internal resistance of the battery. 

SETUP: Use Ohm s law: l-£/r. 

Execute: / - (loo vy(2.oo n> - 5.co a. 
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25.35. 


25.36. 


(b> The zero-resistance ammeter is in pirollel with the 4.00»D resistor. so all the current goes through the ammeter. 
If no current goes through the 4.00*12 resistor, tlx potential drop across it must be zero. 

(cl The terminal voltage is zero since there is no potential drop across the ammeter. 

EVALUATE: An ammeter should never he connected this way because it would seriously alter the circuit! 
IDENTIFY: The terminal voltage of tlx battery is - € - Jr. Tlx voltmeter reads the potential ditTcrcncc 
between its terminals. 

SET UP: An ideal voltmeter has infinite resistance. 

EXECUTE: (a) Siixe an ideal voltmeter has infinite resistance, so there would he NO current through tlx 
2.012 resistor. 

(b) = € = 5.0 V; since there is no cunrni there is no voltage lost over the internal resistarxe. 

(cl Tlx voltmeter reading is therefore 5.0 V since with no current flowing tlxre is no voltage drop across either 
resisted. 

EVALUATE: This not the premier way to ccamect a voltmeter. If we wish to mcasux tlx terminal voltage of the 
battery in a circuit that decs not include the voltnxtcr. then connect the voltmeter across the terminals of the battery 
IDENTIFY: The sum of the potential changes arourcl the circuit loop is zero. Potential decreases by IR when 
goang through a resistor in the direction of the current and increases by 2* when passing through an cmf in tlx 
direction from the - to • terminal. 

SET l.'P: The current k counterclockwise. because the 16 V batten’ d^ennirxs the direction of current flow. 
Execute: +16.0 v-H.ov-/(i.6flt5.0fltl.4ftt 9.0 n> ^ o* 

16.0 V-8.0 V 

~ 1 612-5.012^1.412^9012“ 

(b) + 16.0 V-/( 1.6 12i ^ I', so y, -V t . = V+ - 16.0 V-<1.612|<0.47 A>^ 15.2 V. 

(c> V +8.0V + /(1.4 12 +5.0 12) - F so -(5.012X0*47 A)+ (1.4 T2X0.47 A)*8.0 V - 11.0 V. 

(dl The graph is skclclxd in figure 25 J6. 

Evaluate: v u . - <0.47 A)<9.0 *2) = 4.2 V. The potential at point b is 15.2 V below the potential at point a and 
tlx potential at point c is 11.0 V Ixlow the potcntul at point »r. so the potcntul of point i is 
1 5.2 V - 1 1.0 V - 4 .2 V above the potential of posit h 



Figure 25 J6 

25.37. IDENTIFY: The voltmeter reads the potential difference betw een the terminals of tlx battery 

SET L’P: open circuit / - 0. The circuit is sketched in Figure 25.37a. 



Execute: W -£ -3.08 V 


SET l.P: switch ckised T he circuit is sketched m Figure 35.37b. 

Execite: 
V M ,=S-Ir = 2.97 V 
2*-2.97 V 



And V M . - //? so 

' / 1.65 A 


Figure 25.37b 

.SOU 


3.0H V - 2.97 V _ 
r; ^J7- 0067 ^ 


EVAI.UATE: When current flows through the batten* there « a voltage drop across its internal resistance and its 
terminil voltage Tbs let* thin its cmf. 
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25.38. 


25.39. 


IDENTIFY: The sum of the potential change* around the locft it /cn>. 

SET Up: The voltnxter reads the /R voltage arross the 9.0 f 2 resislor. The cusrcnt in the circuit it 
counterclockwise because the 16 V battery determine* the direction of the current flow. 

Execute: <o> y K = l .9 v give*/ = r; / = i .9 v/9.o n ^ o.21 a. 

lb) 160 V-8.0V= (1.60+9.00 + 1.4 0+ AH0.2I A) and K - — - 26.10 

0.21 A 

(cl The graph is sketched in Figure 25.38. 

EVALUATE: In Exercise 2536 th: current is 0.47 A. When the 5.0 fi resistor is replaced by the 26.1 O rctrttor 

the current decreases to 0.21 A. 



(a) IDENTIFY and SET IIP: Assume that the current is clockwise. Th: circuit is sketched in Figure 25.39a. 


5.911 



MU 


Add up the potentul rites and drops at travel clockwise around the circuit. 

Execute: 16.0 v - / ( i .6 n) - / (9 .o n 11- k.o v - / ( i .4 n) - / ( 5 .o =o 

/-1.41 A. clockwztc 

9.0ntl.4flt5.00tl.60 17.0 0 

EVALLATE: The 16.0 V battery drivet the current clockwise more strongly than the 8.0 V battery does in the 
opposite direction. 

(b) IDENTIFY and SET l>: Start a! point a and travel through the battery to point h s keeping track of the potential 
changes. At point h the potential is V*. 

Execute: v a + 160 V - /(1 .6 O ) - V t 
V.-V k = -16.0 V+(1.41 A|<1.60| 

- -16.0 V +2.3 V - -13.7 V (point a it at lower potential: it it th: negative terminal) 

EVALUATE: Could also go counterclockwise from a to b 
r +(1.41 A)(5.0Q)+(1.4I A|(I4 12)-8.0 V + (1.41 A)(9.0 C2> = 3; 

V+ = -13.7 V. which checks. 

(cl iDEVnFY and SET UP: State at point a and travel through the battery to point c\ keeping track of th: potential 
changes. 

Execute: V. +16.0 V-/(l.6 Q)-/(9A O) - V 
r-r =-16.0 V + (l.41 A)(l.6O*9.0O) 

»' = -16.0 V+15.0 V - -1.0 V (point a is at lower potential than poiiU c) 

EVALUATE: Could also go countenrkickwisc from a toe: 
r +(1.41 A)(5.0n) + (1.41 A)(14fl)-8.0V-F 
r --IO V, which checks. 
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25.40. 


25.41. 


25.42. 


(d)Call the potential zero at point a. Travel clockwise around the circuit. The graph is sketched in figure 25.59b 

V 



Figure 25.39b 
y 

IDENTIFY : Ohm's law ssyx R — y- is a constant. 

Sf:t Up: lal The graph is given in figure 25.40a. 

EXECUTE: (fat No. The graph of versus / is not a straight line so Thvritc does not obey Ohm's law 
(cl The graph of R versus / is given in figure 25.40b. R is not constant: it decreases as / increases. 

Ev aluate: Not all materials obev Ohm's kw 


K 

(Ohms) 




figure 25.40 


IDENTIFY’: Ohm's law says R —il is a constant. 

Sf:t Up: (u) The graph is given in figure 25.41. 

EXFICXTE: (fat The graph of l\ s versus / is a straight line so Ntchrome obey* Ohm's law. 

15.52 V-1.94 V 


(ci R is the slope ot the graph in part (at. R - 


3.8ft II 


4.00 A - 0.50 A 

Evaluate: V II for every / gives the sunc result for R. R - 3.88 II 



MA) 

Kijcurt 25 J1 

IDENTIFY and SET Up: Fix a resistor. P - VI -V‘lR and V - IK. 

Execute: <a> *-l--< 150 ^ - 
P 327 W 

,b»/-I-lii^-2 l8 A 

R 0.68S n 

P 327 W 

EVALUATE: Wc could also write P - VI to calculate /-—-21.8 A. 

V 15.0 V 
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25.43. 


25.44. 


25.45. 


25*46. 


25.47. 


25.48. 


IDENTIFY: The bulbs are each connected across a 120*V potential difference. 

SET Up: U*c P - ftR to solve foe R and Ohm s law (/ - Y ' R ) to find the current 
Execute: (a) R - ftp - r 120 V)7(ioo w> - 144 n. 

(b> R - ftp -(120 V)V(60 W) - 240 SI 

|c> For the 100.W bulb: / - VfR -(120 V>(I44 Q)- 0.833 A 

For the 60AV bulb: / - (120 V)(240 SI) - 0.500 A 

Evaluate: The 60-W bulb has marc resistance than the 100 NV bulb, so it draws less current. 

IDENTIFY: Across 120 V. a 75-\V bulb dissipates 75 W. Use this fact to find its resistance, and then find the 
power the bulb dtssiputes across 220 V. 

Set Up: P - ftR, so R - ftp 

Execute: Across 120 V: R - <120 VR75 W) - 192 fi. Across a 220 V lira:, its power will be/*- ftR - 
(220 V) J /< 192 fl) - 252 W. 

Evaluate: The bulb dissipates much more power across 220 V, so it would likely Mow out at the higher 
voltage. An alternative solution to the problem is to Like the ratio of the powers. 



220. Tt 

T3o • Th " g,x 




(75W)I^i| - 252 W 


A -100-W l.urepean bulb dissipates 100 YV when used across 220 V. 

Take the ratio of the power in th: US to the power in Furore, as in the aitermtive method for 


problem 25.44. using P - ftR. 


Execute: 


IV R 


> 


120 V 


nis gives /> =< 100 W 




20 V 
220 V 


- 29.8 W. 


r,. ; V 220 V 
(hi Set UP: Use P - /Fto find the current. 

Execute: / - P/V - (29.8 wx 120 v> - 0.248 A 

EV ALUATE: The bulb draws considerably less power in the U.S.. so it would be much dimmrr than in Europe. 
IDENTIFY: P -17 . Energy - Pi. 

SET Up: P => (9.0 V K0.13 A > -1.17 W 

EXECUTE: Energy-(1.17 WM1.5 hM3600s/h)- 6320 J 

EVALUATE: The energy consumed is proportional to the voltage, to the current and to the time. 

P 


IDENTIFY and SET l. P: 


of the specifcd variables. 


Execute: 


isy definition p -Use P - \ t % F. - YL and / - JA to rewnte this expression in terms 


IV 


(a) r. is related to Y and J is related to /. so use P - Vi. This gives p -- 


V / 

- E and- J so p - FJ 

L A 

R 

(h) J is related to / and p is related to R. so use P - /R*. This gives p - —— 

I^M*vdR*£L«>p = J ‘fj L pj‘ 

yl 

(cl E is related to l and p is related to R. so use P - V 1 > R. This gives p - -1— 


V - EL and R 




op 


—\ — 

L i : pL 


EVALUATE: For a given material (p constant !.p is proportional to ./* or to F '. 

IDENTIFY: Calculate th: current in the circuit. The power output of a battery is its terminal voltage times th: 
current through it TT»c power dissipated in a resistor is L R . 

SET UP: The sum of the potential changes around the circuit is zero. 

EXECUTE: (a) / - ^1-1 _ 0.47 A . Then /^, = I'R - (0.47 A> ; (5 <> £1) = 1.1 Wand 
P, a = I’R = (0.47 A)'(9.0 ill = 2.0 W. 

<bl /•„ -E! - I ! t - <I6 VH0.47 A|-(0.47 A>*(1.6(I) = 7.2 W. 

(c» /[ v -Elr />- ; - (S.0 VH0.47 At+ (0.47 A >*'(1.4 0) = 4.1W. 

Evaluate: (dl lb) — <a|-r <c). The rale at which the 16.0 V battery delivers electrical energy to the cxr:nil 
equals the rate at which it is consumed in the K.O V battery and the 5.0 Ci and 9.0 SI resistors 
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25.49. 


25.50. 


25.51. 


25.52. 


25.53. 


(a) IDENTIFY and SIT Up: P - V ! and energy - (power) X (time). 

Execute: P=VJ =(12 V)(60 A)«720 w 

The battery can provide this fi>r 1.0 h. so the energy the battery ha* stored is 

£/ = /*/-(720 W|(3600 2 . 6 x 10 * J 

(b) IDENHFY and SET UP: Foe gasoline the hrat of combustion is X. v - 46 x 10" J kg, Solve for the maw tr? 
required to supply the energy calculated xn part (at and use density p - m f V to calculate V. 

EXECUTE: The man of gasoline that supplies 2.6 xlO J is m - “ !" J - 0.0565 kg. 

46x10' ikg 6 

The volume of this mass of gasoline is 
V - — - 


-- °< S6S tg -6.3.10-0.063 L 
p 900 kg m' ! I m 


p 900 kg m 

(ct iDEvnFY and SET UP: Energy • (power) x (tinxt; the energy is that calculated in put (a). 
U 16x10" J 


s - 9 mm - h. 


EXECUTE: U - Pt f i - 

P 450 W 

EVALUATE: The battery discharges at a rate of 720 W < for 60 A) and is charged at a rate of450 W. so it takes 
longer to charge than to discharge. 

IDENTIFY: The rate of convcrsicvi of chemical to electrical energy in an emf is El . The rate of dissipatxin of 
electrical energy in a resistor R is l'R 

SET UP: Example 25.10 finds that / - 1.2 A for this circuit. In Example 25.9. El - 24 W and /V = 8 W . In 
Example 25.10. i*R - 12 W ,or 11.5 W if expressed to three significant figures. 

EXECUTE: (a) /» = El =(12 VHI .2 A) ^ 14.4 W . This is less than the previous value of 24 W. 

(hi The energy dissipated in the battery is / - /*> - (1.2 A)*(2.0f2) - 2.9 W. This is less than S \\\ th: anxiunt 
found in Example (25.9). 

(c) The net power output of the battery is 14.4 W - 2.9 W -11.5 W . This is the same as the power dissipated in 
the 8.0 ft resistor. 

EVALUATE: With the larger circuit resistance the current is less and th: power input and power consumptxin are 
less. 

IDENTIFY: Some of the power generated by the internal emf of the battery is dissipated across th: battery’s 
internal resistance, so it is not available to the bulb. 

SET l.’P: Use P - I'R and take the ratio of the power dissipated in the intcmil resistance r to the total power. 

P /*#■ r 3.5 ft 


EXECUTE: 




P\*a /*(r + KI r+R 28.512 

EV ALUATE: About 88% of th: power of the battery goes to the bulb. The rest appears as heat in the internal 
resistance. 

IDEKI1FY: The voltmeter reads the terminal voltage of the battery, which is the potential differ cnee across the 
appliance. The terminal voltage is le« than 15.0 V because some potential is lost across the internal resistance of 
the batlcry. 

(a) SET Up: P - l~:R gives the powcT dissipated by the appliance. 

Execute: P - (11.3 V) 5 *75.0 ft> - 1.70 w 

(b) SET UP: The drop in termini! voltage (E f aV ) * v du: the potential drop across th: internal resistance r. 
Use //* - E y^ K to find the internal resistance r. but first find th: current using P - IV. 

Execute: / - PV -(1.70 W>( 11.3 V) - 0.151 A Then Jr - E V+ gives 
(0.151 A)r- 15.0 V- 11.3 V and r - 24.6 ft. 

EVALUATE: The full 15.0 V of the battery would be available only when no current (or a very small current l is 
flowing in the circuit. This would be the base if the xqipliaiKc had a resistance much greater tlian 24.6 ft. 
IDENTIFY: Solve for the current / in the circuit. Apply Eq. (25.17) to the specified circuit elements to find the 
rales of energy cceiversion 

SET Up: The circuit is sketched in Figure* 25.53. 



I' 


Execute: Compute /: 
E-Ir-IR^ 0 

E 12.0 V 


2.00 A 


rtR 1.0fir 5.0 ft 
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<a) The rale of conversion of chemical energy to electrical energy in the emf of the battery is 
/> = £/*{ 120 V)(2.00 A) = 24.0 W. 

<b) The rate of dissipation of clectrsral energy in the internal resistance of the batten* is 

p = / V=(2.oo a > J (i.o n)=4.0 W. 

<c) The rate of dissipation of electrical energy in the external resistor R is P - S'R -12.00 A)' (5.0 12) = 20.0 W. 
EVALUATE: The rate of production of electrical energy in the circuit rs 24.0 \V. Tb: total rate of consumption of 
clcctrval energy in the circuit is 4.00 \V ♦ 20.0 W - 24.0 W. Equal rate of product ion and consurrytion of 
electrxal energy an: required by energy conservation. 

25.54. IDEVHTY: The power delivered to the bulb is /*£ Energy = Pi . 

SET UP: The circuit is sketched in Figure 25.54. r faA is the combined internal resistance of both battenes. 
Execute: (a) /* fcUI = 0. The sum of tb: potential changes around the circuit is zero. so 
1.5 V + 1.5 V-/(1712) = 0. / = 0.1765 A . /> = J : R = (0.1765 A) 1 (17 12) = 0.530 W . Thisisalw 
(3.0 V'KO.1765 A>. 

<b> Energy = (0.530 \VK5.0 h)(3600 s/h) = 9540 J 

<c> ^ - 0.265 W. /> = /** so /-= J2££^-0.125A. 

• \ R t I * 12 

The sum of the potential changes around the circuit is z^ro. so 1.5 V +1.5 V - IR - Jr„ A - 0. 

3OV-,0..25AX.7O, j70Q 

0.125 A 

EVALUATE: When tb: power to the bulb Kis dxreascd to half its initial value, the total internal resistance of the 
two batteries is nearly half the resistance of the bulb. Compared to a single hittcry. using two identical batteries in 
series doubles the emf but also doubles the total internal rcsistaixe. 

1.5 V 1.5 V 

-VW 



r- mi 
Figure 2534 


25.55. iDEvnn : /»-/*/?- VI. V - IR 

R 

SET UP: The heater consumes 540 W when V = 120 V. Energy - Pi. 




f " (120 VI 


= 26.7 12 


fcXIXt'TK: WP -->oK = -- 540W 

p \y 

|b> PaVI so /-:-4.50 A 

V 120 V 

(c> Assuming tliat R remains 26.7 12 . P - — - : l 1 = 453 \v . p is smaller by a factor of (110/120)*. 

R 26.712 

EVALUATE: (dl With the lower line voltage the current will decrease and the operating temperature will 
decrease. R will tv less than 26.7 12 and tb: power consunvd will bv creator than tbc value calculated in part (c). 


25.56. IDENTIFY: From Ea (25.24). p - 


nc*r 


SET Up: For stliccci. p - 230012 m. 

Execute: «> -„ 9 II “ Q > ._..SS.IOV 

KV'p (1.0x10“ m Ml 60x 10 “ C)*i230012 in) 

Evaluate: (b) The numhvr of free electrons in copper 18.5* 10‘* m *) is much larger than in pure silicon 
(1.0x10“ m ‘). A smillcr density of current carriers nxans a hiehex resistivity. 


25.57. (a) IDENTIFY and Set Up: Use R 




EXECUTE: p- — - 


(0.104 12).c(l.25xlO 1 mf 


= 3.65x10 12 m 


4.0 m 
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I5.5V 


25.59. 


25.60. 


EVALUATE: This value is similar to that for good metallic conductors in Table 25.1. 

(b> IDENTIFY and SET UP: Use V - EL to calculate E and then Ohm's law gives / 

Execute: V - £/. = ( 1.28 V/«n)(l4.0 m) = 17.9 V 

,=£ ii^l-,72A 
R O.lftift 

EVALUATE: We could do the calculation another way: 

E*pJnJ = - — 1 — — — 3.51x10'Art' 
p 3.65x10 li m 

l-JA ^(3.51x10' Am')s(l.25x10 ‘ m)‘-172 A. whidicbeck* 

(c) IDEVIIFY and SET Up: Calculate J = 1! A ixJ-E/p and then u*c Eq. (25.31 fot the target variable 
Execute: J - nl^p, - w' 

J 3.51x10’ Am"’ 

:.5-10’m 111.602x10 " C) 

EVALUATE: Even for this very large current the drift speed is snrnll. 
pL 

IDEKHFY: Use R -to calculate the resistance of the silver tube. Then / - V > R. 

A 

SKT Up: For silver, p - 1.47 x 10* ft m The silver tube is sketched in Figure 25.58. Since the thickness 
T - 0.100 mm is much smaller than the radius, r = 2.00 cm . the cross section area of the silver is 2rr7. The 
length of the tube is / - 25.0 m. 

FTftfTTr* f 1 v VA K < 2Tr n„(l2 v K2TM2.0°xlO‘ 3 mK0.100xlO i in> 

~~R~ pj;A ~ "J7 p! (1.47x10 * a mM25.0m| 

EVALUATE: The resistance is small. R - 0.0292 ft . so 12.0 V pnxluccx a large current 

^8 




2.58x|0 ‘ m s-2.58 turns 


we 


- 410 A 



IDENTIFY and SKT Up: With the voltnxlcr connected across the terminals of the battery tlvrc is no cunent 
through the battery and the voltnvter reading is the buttery cmf; £ -12.6 V. 

With a win: of resistance R connected to the buttery current / ftowx and £ - Jr - IR - 0. where r is the internal 
resistance of the battery. Apply this equation to each piece of wire to get two equations in the two unknowns. 
EXECUTE: Call the resistance of the 20.0 m piece J?,; then the resistance of the 40.0-m piece is R. - 2 R r 
£- I t r- l x R x =0; 12.6 V-(7.00 A Jr-(7.00 A ^0 

/,r-/%(2ft)- 0; 12.6 V-(4.20 A)r-(4.20 AH2/?,) = 0 

Solving these two equations m two unknowns gives R x - 1.20 ft. This is the resistance of 20.0 m. so the resistance 
of one meler u | 1.20 0 ( 20.0 m)](l.00 m) -0.060 O 

EVALUATE: We can also solve for r and we get r - 0.600 ft. When measuring small resistances, the internal 
resistance of the buttery lias a large etTo^. 

IDEVIIFY: Conservation of charge requires that the current is the sanx in both sections. The v oltage drops 
icross exh section add. so R - + R The total resistance is the sum of tbc resistances of each section. 

E - pJ - -— .so E -. where R is the rcsistaixc of a section and L is its length. 

A L 

SETUP: fotzoppn. p,_ =1.72x10 ’ Qm. For silver. p s -1.47-10' fi m 
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Execute: (a)/-- 


«_ ^_ ,|-2.r li m,C.8m, _ flWn ^ 

R R^'+R * A iit (x4X60xl0 *m>* 


^£^_<l.47.K,-C>.n,Hi:n,)_ 0<|62n ^ ^ , _ 
'• A s (x.'4X6.0xl0 m)* 


5.0 V 


!MM9 a r 0.062 0 


45 A. 


The current in the coffer wire is 45 A. 

lb) The cuncnt in the salver wire is 45 A. th: same as that in the copper wire or else charge would build up at their 

interfile. 






U.K m 

tR u (45 AK0.062 O) 


- 2.33 V/m. 


L u 1 . 2 m 

<e> y Ai = IR U = <45 AM0.062 ft)- 2.79 V. 

EVALUATE: For the coffer section. V Ca - //^ - 2.21 V. Note that V Cu + k\ t - 5.0 V. tlx voltage applied across 
the ends of the composite wire. 

25.61. IDENTIFY: Conservation of charge requires that the current be the ume in both sections of the wire. 


E-pJ - — For each section. V - IR - JAR 
A 


£tV£i 

r A ■' 


flic voltages across each section add. 


SETUP: A = (x/4)l?, where D is the dianxier. 

EXECUTE: (a) The cunent must be the same in both sections of the wire, so the current in the thin ctxl is 2.5 mA. 

«b> £ ... -flJ-SL. ,l72 -' 0 ' llm " 25 " ,,,Al -2.14x10 ' V, m . 

" ' ,1 <«4MI-6«I0 m( 

<„ ‘ n mHl5 ‘ 10 ‘-lUsSx.Q- Vta.Ttei, 4£_. 

A (^HUSO-IO ml' *“* 

(<l > *£., ..A.,,... r'-<2.l4xlO~’ V.'mXl.20 m)-HH.55xlO ' V.'mXl.KO m) ^ I.S0-10 * V. 

EVALUATE: The currents arc the same but the cunent density is larger in the thinner section and the electric field 

is larger there. 

25.62. Identify: 1-JA. 

Set UP: From F.xample 25.1, an 1 K-^iugc wire has ^ - S. 17 x 10 ; cm*. 

Execute: (a) / -JA i(l.0<i:' Acm ; HK-17xl0' cm 1 )-820A 
<b> A = IIJ = (1000 A)/(l.0xl0‘ A-'em') = 1.0x10'' tin’. A - Kr‘ to 


1 ( 1 . 0 x 10 1 cm* )/.r = 0.01 ?K cm and d - 2 r - 0.36 mm . 

EVALUATE: These wires can cam* very large currents. 

25.63. <a i IDENTIFY: Apply £q. (25.101 to calculate the resistance of each thin disk and then integrate ora the 


truncated cone to find the total resistance. 

Set Up: 



Execute: The radius of a 
truncated cone a distance j 
above the bottom is given by 
r = r 1 +(y/*)(r 1 -r,)-r J +>/T 
with fl = (r t -rAth 


Figure 25.63 

Consider a thin slice a distance rabove the bottom. The slice has thickness dy and radius r. 71>c resistance of the 
slice is 

M M' _ pdv 
Tr” t r 


dR - 


A xr* x(r 2 +fly) 

The total resistance of the cone if obtained by integrating over tlxse thin slices: 
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25.68. 


25.69. 


lb) /*7)-a<l + a&r) gives p(60° C) ^<9.5x10 ? ftmXl + (0.00088 (C 3 ) *)(40 C°)« 9.83x10 ' Cl- m, so 
A/> = 3.34x10'* ftm. 

(c> A V ^ fr'JST gives AM ^ A (/Jl^AT ). Thereforc 

M^/Sl-,AT^(\Kx\Q 1 ( C °) ‘HO. 12 mX40C°)^8.64x|0 4 m» 0.86 mm Thcctais sectional arco of the 
mercury remains constant because the diameter of the glass tube doesn’t change. All of the change in v olume of the 
mercury must be accommixlated by a c hinge in length of the mercury column. 

pL LAp p\L 

(d> R - —— gives A 2—i—. 

/I A A 


AR - 


13.34x10 ‘12-mM0.12 in) <95x10 * ft mHOJtoxlO 1 ml 


(^4X00016 m)* (t. 4X00016 m>* 

EVALUATE: (e) From liquation (25.12). 


- 2.40x10 ‘ft. 


t - 


T7 


<0.057 fls-2.40x10 

7r l )-vrr -- 1 (C ^ * 


This value is 25% greater than the temperature coefficient of resistivity and tl>r length increase rs important 
iDEVmv: Consider the potential changes anvutui the circuit. Tor a complete loop the sum of the potential 
changes is zero. 

SET Vl*z There is a potential drop of JR when you paw through a resistor in the direction of the current. 


Execute: u) / - 


(.0 V-4.0V 
24.011 


D 167 A V, t SCO V - /(0.50 ft r 8.(10 ft) - V . 


V u - 8.00 V - <0.167 A) (8.50 ft) - 658 V. 

<b> The terminal voltage is V u ^ V k -V t . V -t 4.00 V ♦ /<0.50 ft) ^ V % and 
V u - r 44M> V + (0.167 A) (0.50 ft) a r 4.08 V. 

(c) Adding another battery at point d in the opposite sense to the S.O V battery produces a counterclockwise current 
10.3 V - 8.0 V +4.0 V 

with magnitude / - r -^---0.257 A . Then V -f 4.00 V - /(0.50 ft) ^ l\ and 

y u _ 4.00 V -<0.257 A)(0.50 ft) =■ 3.87 V. 

EVALUATE: When current enters the battery at its negative terminal, as in port (c). the terminal voltage is less 
than its cmf. When current enter* the battery at the positive terminal, as in port (b). the terminal voltage is greater 
than its cmf. 

IDENTIFY: In c»:h ease write the terminal voltage in terms of £ % /. and r. Since / is known, this gives two 
equations in th: two unknowns £ and r. 

SET UP: The buttery with the 1.50 A current k sketched in Figure 25.69a. 


£ 



/- I 50 A 


= 8.4 V 
*W-/r 
5 - (1.50 A )r » 8.4 V 


Figure 25.69a 

The battery w ith the 3.50 A cuncnt is sketched in Figure 25.69b. 



/- JtflA 


r 4 = 9.4 V 
V+=€ + Ir 
£r (3.5 A)r - 9.4 V 


Figure 25.69b 

EXECUTE: (a) Solve the first equation fee £ and use that result in th: second equation: 

£ = 8.4 V r(l.SO A)r 

K.4 V + (l.50A|r-.(3.50A)r = 94 V 

15.00 Air - 1.0 V «ir - — ' --0.20H 
1 ' 5.00 A 
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<b> Then £ =8.4Vt(l.50 A |r = S.4 V ♦ (1.50 A((0.20O) ^8.7 V 

EVALUATE: When the current paste % through the emf in the direction from - to -t, the terminal voltage is levs 
than the emf and when it passes thnyugh from *■ to —, the terminal v oltage is greater than th: emf 

25.70. liii.Min: V = 1R. P=l‘R. 

Si:t Up: The total resistance is the resistance of th: person plus the internal resistanre of the power supply. 

—- 

<bl P - I'R —(1.17 A)'<l0xl0' O)-1.37.10' J = 13.7 kJ 

(c) R^ - - j ^ ^ ^ -14x10* IX The resistance of Ibe power Ripply would need to be 

14.10* tl-IO«IO‘ 0-14.10* 0-14 MO 

EVALLATE: The current through the body in part (a) is large enough to be fatal. 

25.71. Identify: r~^L V = JR. p-Tr. 

a 

SET Up: The area of the end of a cylinder of radius r is .t r\ 

Execute: <■> «. ,5 ° Q .0*10' O 
*<0.050 ml' 

<b>r -« = (1(©<I0 * AXI O.IO 1 oi-ioov 
<c» P-l'R -(100.10 ' A|'(I.0«I0' OI-IOW 

EVALUATE: The resistance between the liands when the skin is wet is about a factor of ten less than when the 
skin is dry (Problem 25.70). 

25.72. IDENTIFY: The cost of operating an appliance is proportional to the amount of energy consumed. The energy 
depcixls on the power the item consunxs and the length of time for whtch it is operated. 

SET UP: At a constant power, the energy is equal to Pi. and the total cost is the cost per kilowatt-hour (kWh) 
times the time the energy (in kWh). 

EXECUTE: <a> Use the lad thal 1.00 kWh - (1000 J/s)(3600 *| - 3.60 » 10*1. and ixir yen contains 
3.156.10's. 


?5 j p.'^-Os" 50.120 |- 
I I , i. 3.60* 10 J j 


(h) At 8 h div. the refrigerator runs for IV3 of a year, l.'vmg the same procedure as above gives 




EVALUATE: Electric lights can be a substantial part of the cost of electricity in the home if they are left on for 
long time! 

25.73. IDENTIFY: Set th: sum of the potential nses and drop* around the circuit equal to mo and solve for /. 

SET Up: The circuit is sketched in figure 25.73. 


l/j\ 


■'Uav—, 

*-340 1—lv-at+ftJ- 


Execute: 

E-JR-V -0 
£-/R-a!-pi 2 =0 
fll*+(R+a)I -€*-0 


Figure 25.73 

The quadratic formula gives / - (1 2fi )£-( R - a ) ± yj( R * r/ )* + \fl£ ^ 

/ must be positive, so take the ♦ sign 

/ =-2.692 A+ 4.116 A* 1.42 A 

EVALUATE: For this / the voltage across the thermistor « 8.0 V. The voltage across th: resistor must then he 
12.6 V—8.0 V - 4.6 V. and this agrees with Ohm s law for the resistor. 
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25.74. lal IDENTIFY: The rate at*heating (power! in the coble depend* on the potential ditfcrcixe across the cable and 
the resistance of the cable. 

SET UP: The power is / — fA'/? and the resistance is R — pUA. The diameter D of the cable is twice its radius. 


r.n 


*■ 


AY* zr'Y* 


R I pUA) pi pi 
ends divided by the length of the cable: E - V/L 
Execute: Solving for /* ar>J using the resistivity of copper gives 

p^t )(50.0 W)(l.72x]O ft Q m)<IS00ml 

7r 


The electric field in the caWe is equal to the potential difference across its 


- 921 x 10 m D - 2r - 0.184 mm 


t(220.0 V)* 

(b) Set Up: E- V/L 

Execute: E - 1220 V)(I500 ml - 0.147 V/m 

Evaluate: This would be an extremely thin (aixl hence fragile! cable. 

25.75. IDENTIFY: The ammeter acts as a resistance in the circuit loop. Set the sum of the potentul rises and drops 
around the circuit equal to zero. 

(a) SET Up: The circuit with the ammeter is sketched in Figure 25.75a. 

Execute: 

£ 





r’R + R, 


figure 25.75u 

Set Up: The circuit with the ammeter removed is sketched in Figure 25.75b. 




—AW 

R 


Execute 

£ 


- 


t r 


figure 25.75b 

C ombining the two equations gives 

,(„i) 

tb> Want /. - 0.990/. Use this in the result for part (at. 


/ =0.990/1 It—— 

r+R 


5.010 = 0. 


JL. 

r.// 

R, = (r * J?)(0.0l0/0.990) = (0.45 Or3.H0Q)(0.010/0.990) = 0.0429 iJ 

£ £ 


lc» / - / - 


rt R rtR-’R 






(r-R|(r. RrR.) 

EVALUATE: The difference between /and /, increases as R, increases. If R t is larger than the value 
calculated in part (bl then / a ditiers from / hv more than 1 . 0 %. 

25.76. IDENTIFY: Since the resistivity is a function of the position akmg the length of the cylinder, we must integrate to 


find the resistance. 

(a) SET Up: The resistance of a cross-section of thickness dx is JR - pdx/A . 
EXECUTE: Using the given function for the resistivity and integrating gives 

bL‘n 

nr 


„ [ pill at. bl 

'‘IT'I-T 1 - 7? 
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Now get the constants a and h: p{ 0) - a - 2.25 x 10 " H - m and 

pU l-d *- bL : gives 8.50 x 10 ' 12-m-2.25 .10'fl m *f<I.S0mr 

which gives b - 2.78 « 10’ Sim Now me the above remit to find K 

(2.25-10 ‘ 12 m|(I.S0 m)-*(2.78-10 * Sl- mWl50 m)*/3 

R-. -'-5-.-!- - 1.71 . 10*12- 171 uSl 

( 0.0110 m) 1 

(b> iDlvnn: Use the d:FinitK>n of resistivity ti> find the electric held at the midpoint of the cylinder, where x - 
L'2. 

SET Up: E - /if. Evaluitc the resistivity. using the given formula, foe x - IS1. 

.w- M" 2 *'] 1 

:r m ,zc 


Execute: At the midpoint* V - !J2, giving E 


12.25x 10 1 (2.78x10 * nfn)(0.750 ml*1(1.75 A) 

P- i-1-J-J-- 1.76x10 4 

€. I l * I t. . 


V m 


eiO.Ol 10 ml 


(c> iDEKIlfY: For th: first segment, the result is the same as in port ( a) except that the upper limit of the integral 
isL '2 instead of I. 


SET Up: Integrating using the upper limit of IJ2 give* R 
EXECUTE: Substituting the numlxTs gives 


L/2)+<A/3)(£*/l) 




R\ - 


(2.25x10 * H m|t0.750 m» + <2.78x10 ' n/mV3((l.50 


r( 0 . 0 l 10 ml 


- 5.47x10 f2 


Tlie resistance R: of the second half is equal to the total resistance minus th: resistance of the first half. 

R,-K- ff, - 1.71 « 10* SI - S.47 - 10 ' SI- 1.16 k 10’ Si 

EVALUATE: The second holt* lias a greater resistance than the first half because the resistance increases with 
distaixc along the cylinder. 

25.77. IDENTIFY: The power supplied to the house is P - VI. The rate at which clcctncal energy is dissipated in the 
wires is PR. where R - 

A 

SET Up: For copper, p =1.72 x 10 ' (2 m 

EXECUTE: (a) The line voltage, current to be drawn, and wire diameter are what must be consid^cd in 
household wiring, 

P 4200 W 

<b> P - VI gives / - — ———— 35 A. so th: K-gauge wire is necessary, since it can cany up to 40 A. 

nn>(42'O' ml _ [( ^ 

A (jt/ 4) (0.00326 m)‘ 

, t tr , t r S l pL (35 A) 1 (1.72 x lorn m)(42m) _ _ ___ _ , 

<d> It 6-gauge wire is used. P --66 W . TTic decrease in energy 

A (*/4) > (0.00412 m>* ** 

consumption is A£ - A Pt - (40 W)<365 da>% >t)(I2 h day t - 175 kWhVr and the savings is 

(175kWh> t>(SOI. 11/kWh>-SI9.25 per >ear. 

EVALUATE: The cost of the 4200 W used by the appliances is $2020. Th: savings is about 1%. 

25.78. IDENTIFY: R'. ^ R,{\ + a\T-T,D. P*VI. 

SET Up: When the tcn^craturc increases the resistance increases and the current decreases. 

Execute: <■) 2-=2-<i*air-rj>. i 4 -/,<i+a[r-r.|). 

if L 


r-r ^ 




35 A -1.23 A 


217 C*. F^20 : Ct2l7 3 C-2J7 & C 


' al x (1.23 AK4.5xlO’(C 0 )') 

(b>(i) P - VI - (120 VHl.35 A) - 162 W (ii) £-(120 VH1.23 A) = I4K W 

EVALUATE: P -V* >' R shows that the power dissipated decreases when the resistance increases. 

25.79. <a) IDENTIFY: Sd the sum of the potential rises and drops around the circuit equal to zero and solve for the 

resulting equation for the current /. Apply l:q. (25.17) to each circuit element to find the power associated with it. 
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25.80. 


25.81. 


SET UP: The circuit is sketched in Figure 25.79. 


r,-I2XIV - |Xljl 

I-- 


IT - K.0 tfi 


fi-aov 




WV'- 

r,- 0(1 


Execute: 

i,^i£L 

ij + r* ♦ 

12.0 V-8.0 V 
~ i.on~i.on+8.on 
/ - 0.40 A 


Figure 25.79 

|b> /W J i? + JV, WV a */>(/? + r, + r,) = (0.40 A)‘{8.0 fi + I.Ofltl.O(2) 

P = 1.6 W 

(cl Chemical energy is converted to electrical energy xn a battery when the current goes through \Yk battery from 
the negative to the positive terminal, so the electrical energy of the charges irxrcoxcs ax the current passes through. 
This hapfvns in the 12.0 V battery, and the rate of production of electrical energy rs 
P = l\! = (120 V >(0.40 A ) = 4.8 W. 

(dl Tlcctrieal energy is converted to ctxirocal energy in a battery when the current goes through the batten' from 
the positive to the negative terminal, so the electrical energy of the charges decreases as the current passes through. 
This happens in the 8.0 V battery, and th: rate of consumption of electrical energy is 
/> = £,/» (80 V)(0.40 V) = 3.2 W. 

(el Evaluate: Total rate of production of electrical energy - 4.8 W. Total rate of consumpticci of electrical 
energy -l.6WO.2W - 4.8 W. which couils the rate of production, as it must 


[DEXnn: 


Apply ft - fee c»:h material. The total resistance is the sum of the resistances of the rod a nA the 
A 


wire. The rate at which energy is dissipated is /‘ft. 

SETUP: For steel, p- 2.0x10 Q m . For copper, p - 1.72x10 ' f) m. 

Execute: p ^.^,110^0-.(10■»„. S7x , 0 . n Jnd 
A <*/4) (0.018 mV 

£ £_, l .72.10-. J ,:„ ( ^,n Uoo|jn ^ 

A U,'4)(O.OOSm>* 

V -IR^l ift^ + /(J = <15000 A| (1.57 x 10 1 n + 0.012 il) - 204 V. 

(b> E - Pt = PRi - (150(H) A)*(0.0156 O) <65 x 10 * x) = 199 J. 

EVALUATE: P ft is large but t is very small, so the eiwgy deposited is small. The wire and rod each have a 
mass of about 1 kg. so their temperature rise due to the deposited energy will be small. 

IDEVHKY and SET UP: The terminal voltage is V+ = £ - It = ift . wh*rc ft is the resistanre connected to the 
battery. During the charging the terminal voltage is V+ -£+ Jr . P - 17 and energy is E = Pt . Pr is the rate 
it which energy is dissipated m the internal resistance of the battery. 

Execute: <*> F*=tf-f/r«l2.o v ♦ (looA)<o.24n>= 14.4 v. 

(hi E - Pt - m=<!0 A >(14.4 V)(5)(360Os) = 2.59 x 10* J. 

(cl = I'* = (10 Ay 10.24 Cl) (5) (3600 s) = 4.32 x I O' J 

£ n €-lr 12.0 V -<I0 AH0.24Q) 


(d> Di.vjharged at ID A: / 




rt ft 


10 A 


<e> E - Pi - lit - (10 A1 (9.6 V)<5)(5600s) - 1.73x 1<P J. 

<0 Since the current through the internal resistance is the same as before, thrre is th: same energy dissipated as in 
£ 4 _ = 4J2xlO’j. 

<g) Pari of the energy originally supplard was stored in the hutery and pari was lost in the internal resistance. So 
the stored enrrgy was less than what was supplied during chirging. Then when discharging, even more energy is 
lost in the internal resistance, and ccily what is left is dissipated by the external resistor. 
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25.82. IDENTIFY and Set UK The terminal voltage is V M . - 6'- Jr - JR. where is the resistance connected to the 

battery. During the charging the terminal voltage is V+ - £ -F Jr. P - VI and energy is E - Pi. I l r is the rate at 
winch energy is dissipated in the internal resistance of the batten*. 

Execute: <a) V +=£+ ir * 12.0 V +(30 A)(0.24 ^ 19.2 V. 

<b> E-Ptrn JVt = (30A) (19.2 V) (1.7)(3600s)-3.53x 10* J. 

<c> - /** - <30 A)-' <0.24 111 (1.7) (3600%) = 132 * 10* J. 

(d) Discharged al 30 A: 8 i% 0 J 10 V -< 30 A >^ 4 »> 3 Q..6n. 

r t « 6 / 30 A 


<e) E - Pt - l : Ki - (30 A)" (0.1612) (1.7) <3600 *> = 8.81x10 1. 

<0 Since the current through the internal resistance is the same as before. thrre is tb: same energy dissipated as in 
(c): 1^=1-32x10* J. 

<g) Again, part of the energy originally supplied was stored in the battery and part was lost in the internal 
resistance. So the sieved energy was less than what was supplied during charging. Then when discharging, even 
more energy is lost in the internal resistance, and what is left is dissipated over the external resistor. This time, at; 
higher current, much more energy is lost in the internal resistance. Slow charging and discharging is more energy 
eflkient. 

25.83. IDENTIFY and Set Up: Follow the steps specified in the problem. 

Execute: (a) I /* - ma = \j\E gives 

<b) If the electric field is constant. V K - EL and -L-^L 

<c> Tlie free charges arc “left behind” so the left end of the rod is negatively charged, w hile the right end is 
positively charued. Thus the right end. point c, is at the higher potential. 


(d> - 


11.0x10 1 V)(lAx 10 C> 




-3.5x10* ms*. 


mL (9.11x10 &g)(0.M) m) 

EVALUATE: (e) Performing the experiment in a rotation!I way enables one to keep the experimental apparatus m 
a localized area whereas an acceleration like that obtained in (dl. if linear, would quickly have tlie apparatus 
moving at high speeds and large distances. Also, the rotating spool of thin wire can have many turns of wire and 
tlie total potential is the sum of the potentials in each turn, the potential in each turn times the number of turns. 

25.84. Identity : £-IR- V = 0 


SET Up: With T - 293 K .-39.6 V \ 

kT 

EXECUTE: (a) £ - JR-tV gives 2.CKI V = /(I.Ofl) + V . Droffimg units and using the expression given in the 
problem for /. this bcconx-s 2.00 - /Jexp {tV/kT) - l)-f V. 

<b) For / t -1.50 x 10 1 A and T^293K. 1333 - exp(39.6U] - I +6671*. Trial and error shows that tbr right-hand 
side (rhs) abov e, for s^iecific V values, equals 1333 V w hen V - 0.179 V. The current then is 
just / = /Jc*p(39.6K)-1]-(ESxlO ‘ A)(exp|39.6](0.179])- 1||- l.SO A. 

EVALUATE: The voltage across tbc resistor R is 1 SO V. Tlie diode does not obey Ohm's law. 

pL 

25.85. IDENTIFY: Apply R -to find tb: resistance of a thin slice of the rod and integrate to find the total R 

A 

Vs JR . Also find /?(*). the rcsastancc of a length* of the rod. 

SETUP: Efx)sp(x)J 

Execute: <„, „ 


A A 


R = ^\cxpl-xfL]dxsL±.l-Lcxrt-x/L]tstl-(\-t'} 

A () A A 

rather than I. in Ibe Integration. rt(.r) = ——(I — e~‘ ‘ ). 


r-il_^ 

r Ain-*-] 


With an upoci limil ofr 


V 


A 


<l>» £<») - /*>)J - 
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(d)(*raphs of resistivity. electric field and potential from v = 0 to L arc given in Figure 25.85. Iiarh quantity b 
given xn terms of the indicated unit. 

EVALUATE: The current is tlx same at all points in tlx rod. Where the resistivity is larger the electric field must 
be larger, xn order to rvoduce the same current density. 


tesbtlvky <««■ 
<A») 



>20 0.40 060 0.10 


FJcvirv ficU 

(ty&l 


161) 

i :n 



sT T| 


<U0 



-T^±j 


<140 



i ■ • i 

—1 

o.co 
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0.00 U20 0.4<I 0X0 0.80 1X0 

ML) 

Figure 25-85 

25.86. IDENTIFY: He power output of the source is VI - (E - /r)/. 

SET UP: The short-circuit current is /. . — Efr. 

EXECUTE: (a) P -El - /V .so 'lL = E- 2tr - 0 for maximum power output and /,. am - -1— - 1 

<bl For the maximum power output of part (a). /-. r + R - 2r and R - r. 

r ♦ R 2 r 

/ e \* 

Then. />«/*'/?- — /- — 
l 2 r) Ar 

EVALUATE: When R is smaller than r. / is large and the Pr losses in the battery arc large. When R rs larger than 
r, l is small and the power output El of the battery cmf is small. 

25.87. IDENTIFY: Use a - -iJ 'T in a - —lii- to get a separable ditTcrential equation that can he integrated. 

p JT 

Setup: For carbon, p^ 3.5x10*0 m and = - SxIO^flC) \ 

Execute: (a) «-I;-£i!^in(r *i-_iL. 

p\dT) T T p r 

<bl n - -aT- - (- 5 * KT* (K> 1 > (293 Kl-0.15. 

p-j-:a = pT'-I 3.S-I0 ' n-m)(293KJ*" -8.0x10 'O m K"' 1 . 

_ _ 8 . 0 - 10 4 . 


(cl / - - 196x7 - 77 K : p- 


(77 K)' 

rv mi 


i X 10 w m. 


7* - - 300°C = 573 K p - -‘ - 3.2x 10 ‘ O m. 

(573 K)"' 

Evaluate: a is negative and decreases as T decreases, so p changes meve rapidly with temperature at lower 
temperatures. 
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26.1. IDENTIFY: The newly-formed win: is a combination of series and parallel resistors. 

SET UP: Each of the three lircar segments has resistance R>3. The circle is two resistors in parallel. 
EXECUTE: The resistance of the circle is Rf 12 since it consists of twx» R 6 resistors in parallel. The equivalent 
resistance is two R:3 resistors in scries with an R :6 resistor, giv ing R^ % m R >3 ♦ Rf 3 4 /£•’! 2 - 3/?.4. 

EVALUATE: The equivalent resistance of the original wire has been reduced because the circle's resistance is less 
than it was as a linear wire. 

26.2. IDENTIFY: It nay appear that the meter measures X directly. But note that X is in parallel with three other 
rcsistces. so the meter measures the equivalent parallel resistance between ah. 

SET UP: We use the formula for resistor* in parallel. 

Execute: 142.00 il)- VX* 1/05.0Q) ♦ 1.(5.012)4 1 .( 10.0 0 ). so A - 7.512. 

EVALUATE: X is greater than the equivalent paral lei resistarxe of 2 .CO 11 

26.3. (a) IDENTIFY: Suppose we have two resistors in parallel, with R t < R : . 

SET UP: The equivalent resistance is —-— + — 

Execute: It is always troe that Therefore — > — and R < R. 

* *: * *, 

EVALUATE: The equivalent resistance is always less thin that of the smallest resistor. 

<b) IDENTIFY: Suppose we have jV resistors in parallel, with R t < j ? 3 <•••< R % . 

SET UP: The equivalent resistance is _!_ - J_ - _ 1 _ t ••*4- _!_ 

*. K> H, 

Execute: It i' always iruc that —» — r — . Therefore — > — and U < ft, 

* *, X, *. *, *, ~ 

EVALUATE: The equivalent resistance is always less than that of the snullest resistor. 

26.4. IDENTIFY: For resistors in parallel the voltages arc the same arcl equal to the voltage across the equivalent 
resistance. 

SETUP: V-IR. -L = -L.-L 


Execute: <a> R - 


!2 Q 20 12 


12 ..! 12 . 


<b> -ii^l-19.SA. 

12.3 £2 

<c> / uu = —- 7.5 A; — ~ = 12 A. 

uu R 32 42 ““ R 2012 

EVALUATE: Mcvc current flows through tlic resisted that has the smaller II 
.5. IDENTIFY: The equivalent rcsisxance will vary fi>r tlie ditVerent connections because the senes-parallel 
combinations vary, and hence the current will vary. 

SET Up: First calculate the equivalent resistance using the series-parallel formulas, then use Ohm's law (V - IF\ 
to find the current. 

EXECUTE: (a) 1.7? - l/<15.0 fJ) ♦ 1.(300 Hi gives R - 10.0 ft./- ViR - (35.0 V> f ( 10.0 H) - 3.50 A. 

<b) VR- 1410.0 fl> ♦ I»*<35.0 f 2 ) gives R - 7.78 12 . /- (35.0 Vy(7.78 H) - 4.50 A 
(c> 1 >R - l/( 20.0 ni ♦ I <25.0 ( 2 ) gives R - 11 . 11 tt so I - (35.0 W< 11.11 121-3.15 A 


26-1 
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24.6. 


26.7. 


26.8. 


(d> From part (b), the resistance of the triangle alunc is 7.7K 12 . Adding the 3.00*12 internal resistance of the battery 
gives an equivalent resistance for the circuit of 10.78 12 Therefore the current is/-(35.0 VW 10.78 12 ) - 3.25 A 
EVALUATE: It makes a big difference how the tnangle h connected to tlie batten*. 

IDENTIFY: The potential drop is the same across the rcsixtccs in parallel, and the current into the paralfel 
combination is the same as the current through the 45.042 resistor. 

(a) SET Up: Apply Ohm's law in the pirallcl branch to find the current through the 45.042 resistor. Then apply 
Ohm's law to the 45.0*0 resistor to find the potential drop across it. 

EXECUTE: The potential drop across the 25.0 12 resistor is V 2 % - (25.012KI -25 A) — 31 25 V. The potential drop 
across each of the parallel branches is 31.25 V. For the 15.0*12 resrstor: /„ - (31.25 V)«tl5.0 12 > - 2.083 A Th: 
resistance of the 10 . 0*12 ♦ 15.0 12 combination is 25.0 12 . so the current through it must be the sanx as the current 
through the upper 25.012 resistor, /cs* is “ 1.25 A. The sum of currents in the parallel branch will b: th: current 
through the 45.0*12 resistor. 

f Jud - 1.25 A * 1083 A ♦ 1.25 A - 4.5S A 
Apply Ohm's law to the 45.0 12 resistor: K* - (4.58 AM45.0 12 ) - 206 V 
(b> SET l.*P: First find the equivalent resistance of the circuit and then apply Ohm's law to it. 

EXECUTE: The resistance oftbe parallel branch is l.fl- 1/(25.012) 1/(15.012) ♦ 1 .<25.012). so R - 6.8212. 

The equivalent resistance of the circuit is 6.8212 ♦ 45.0 12 ♦ 35.00 12 - 86.82 12 . Ohm's law gives F^- 
(8662 12K4.58 A) - 39S V. 

E'V ALL ATE: The emf of the battery is the sum of the potential drops across each of the three segments (parallel 
branch and two series resistors!. 

IDENTIFY: First do as much scries-pirallel reduction as possible. 

SET Up: The 45.0*0 and 15.012 resistors arc in pirallcl. so first reduce them to a single equivalent resistance. 
Then find the equivalent series resistance of the circuit. 

Execute: l/l? p - 1.(45 0 Oi • LflS.Onjand/^- 11.2512. The total equivalent resistance is 
18.0 (2 11.25 12 3.26 12 - 32.5 U Ohm's law gives /- (25.0 V)<32.5 12 ) - 0.769 A 

EVALUATE: The circuit appears complicated until \%e realize that the 45.0*0 and 15.012 resistors are in parallel. 
IDENTIFY: Ilq.(26.2) gives the equivalent resistance of the three resitfors in parallel. For resistors in parallel, the 
voltages are the same and the currents add. 


(a) SEfl'P: 


The circuit is sketched in Figure 26.8a. 
£ ■ 25.0 V 


EXECUTE: parallel 



py-Lt 

> s 

> > 




1 +-U-L 


K R t R, R 


R^ 1.6012 
R -0.80Q12 


2.40 12 4.80 12 


Figure 26.8a 

(b) For resastors in pamllel the voltage is the same across 


h and equal to the applied voltage: 


v -r s = r =^^28.o v 


v^ir 


,^£^-,7.5 A 


‘ R . 2.40 O 


I 6012 

11.7 A 


S.8A 

R , 4.8 12 


(c! The cunents through the resistors a*kl to give the current through the hitters*: 

/ =/, +/ a +Jj »17.5 A + I1.7 A + 5.8 A = 35.0 A 

EVALUATE: Alternatively, we can use the equivalent resistance R as shown in Figure 26. 


i ■ 2tJ>V 


‘CEP 




Figure 26.8b 


0 

r-i-“£1.35.0A 

R 0.8001) 


which checks 


(d! As shown in part (b\ tbc voltage across each resistor is 28.0 V*. 

<e> IDENTIFY’ and SET UP: We can use any of the three expressions for P P - VS - S*R - V 2 ! R. They will all 
give the same results, if we keep enough significant figures in intermediate calculations 
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26.9. 


26.10. 


26.11. 


Execute: Using P*V l iR. P-V*fR 


(28.0 V) 
2.40 a 


327 W, and 


W. This is the umc as the power 


“= **> W, #» ■ K, 1 / R, 

* 1 1 4.HO n 

EVALUATE: The total power dissipated b P^-P + P'+Pi- 
P„ - *7 - (2.80 V)(35.0 A) - 9K0 W delivered by the battery. 

If 1 P-V*> R. The resistors in [xirjllcl each hive the same voltage. so the power P is largest for the one with the 
least resistance. 

IDENTIFY: For a series nclwork. the current is the same in each resistor and the sum of voltages fee e>:h resistor 
equals the batten* voltage. The equivalent resistance is R H = + R t + R k . P = I'R . 

SET UP: Let £ = 1.60 12. R i = 2.40 Cl . R t = 4.80 12. 

Execute: (a) R -1.60 Cl + 2.40 12 t- 4.80 12 - 8.80 12 


lb >/=-L=MX 

8.80 12 


18 A 


(c> / - 3.IS A . the sanx* as fee c>:h resistor. 

(d> \\ = //?,=<3.IS AXl.60fl) = 5 09 V. I' - IR. = <3.18 AX2.4012) = 7.63 V . 

V l = //?, =<3.18 AX4.80 fit = 15.3 V . Note that ^ + Y\ -f r, = 28.0 V . 

(•> /! - I’H -(3. IK A) J (1.60 H) - 16.2 W . P t * /’Jt. - (3.1K A) ; (2 40 O) - 24.3 W . 

P, - /’«, - (3.1 * A|-'(4.S0 O) - 4H.5 W. 

If» Since f = I'K and the current is the same for each resistor, the resistor with the greatest R dissipates the 
greatest power. 

EVALUATE: When nssbtm arc connected in parallel, the reside* with tlx smallest R divsifxitcs tlx greatest power, 
(a) IDENTIFY: The current, and hcoec the power, depends on tlx potential difference across the resistor. 

Ski Up; P - V‘lR 

EXECUTE: (a) V - JPR - J(S.O WKI5.000 12| - 274 V 
(bl P -V ! )R -(120 V) 1 49.000 O) - 1.6 W 

SET L'P: (c) If the larger resistor generates 2.00 W, the smaller one will generate less and hcoec will he safe. 
Therefore the maximum power in the larger resistor must be 2.00 W. Use P - /‘R to find the maximum current 
through the scries combination and use Ohm's law to find the potential datTercncc across the combination 
Execute: P = I : R give* / - P R - (2.00 W| (150 n> - 0.0133 A. The ane cunent ilt>w» through both 
rcsistm, and their cquivaknl resistance is 250 li Ohm s law giver V- 1R - (0.0133 A)|250 S!) - 3.33 V. 
Therefore/•,»-2.00 Wand P m = l‘R- (0.0133 A» S (I00 D)-00177 W. 

EVALUATE: If the resistors in a series combination all have the same power rating, it is the largest resistance thal 
limits the amount of current. 

parallel, the voltages are the same and the currents add.-+— so R .-— 

R x R, * H +R, 


IDENTIFY': For resistors 


For resistors in scries, the currents arc the same and the voltages add. R^ - R x + R .. 

SET Up: The rules for combining resistors in series and parallel lead to the sequences of equivalent circuits 
shown in Figure 26.11. 

60.0 V 


EXECUTE: R - 5.00 12 . In rigure 26.lie, / 


12.0 A . This is the current through each of the 


5.00 12 

resistors in Figure 26.1 lb. V Kl = !R = (12.0 AX2.00 12)= 24.0 V . 1' = 1R H =<12.0 AH3.00 12) = 36.0 V . Note 


that V ti + V u = 60.0 V . Y\ % is the voltage across R and acro» R, .so /, - IlL - 


- 8.CK: A ami 




——— 4.00 A is the voltage across li and :xross R. .so / - —-- 

6.0012 R ; 12.0 0 


3.:: A and 


/ 1 » 36 0 V 
R. 40012 


£.00 A. 
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26.12. 


26.13. 


EVAIXATE: Note ihit /, ♦ /•. - /, -* /. 



l -WV—\w-J 
*12 ** 

(b) 

Figure 26.11 



IDENTIFY: Replace the serxs combinations ot resistors by their equivalents. In the resulting parallel network the 
battery voltage is tlx voltage across each resistor. 

SET UP: The circuit is sketched in Figure 26.12a. 

£ - 4$J} V 



RXECITC: R and R in scries have an equivalent 

resistance of R ti - -t R s - 4.00 O 

R. and ft 4 in series have an equivalent resistance of 


- 7.0011 * 4 - 5000 

Figure 26.12a 

Tlx circuit is equivalent to the circuit sketched in Figure 26.12b. 

R .% and R hi in [Mrullcl arc equivalent to 

rt. givenbv-^ — -: 

' ff., R. R u R,R„ 



_ | 4-a„ l 2.0O (j , |o 


« u ^ 120(1 


^ 4.00 12 -f 12.0 12 

Figure 26.12b 

The voltage :xross each branch of the parallel combination is 2', so £*-/,%/?,» - 0. 
/.* =-12.0 A 


K. 4.00 li 




0 V 


r “ r h i 2 .o a 


4.0 A 


The current is 12.0 A through the 1.00 (i aixl 3.00 fl resistors, and it is 4.(1 A through the 7.00 fl and 5.fXi (2 resistors. 
EVAIXATE: The current through the battery is /-/,.+ / 14 = 12.0 A +40 A -16.0 A and this is equal to 


£iR -4H.0 V/3.00 ft - 16.0 A. 


IDEVTIFY: In both circuits, with and without R A . replace series and parallel combinations of resistors by their 
equivalents. Calculate the currents and voltages in the equivalent circuit and infer from thrs the currents and 
voltages in the original circuit. Use P - l'R to calculate the power dissipated in each bulb. 

(a) SET lip: The circuit rs sketched in Figure 26.13a. 



Execute: r., and R t jtc in 

parallel, so their equivalent resistance 

n . . t 1 111 
ff_, is given by — — 

K 2 K < 


4.50 a 
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The equivalent circuit is drawn in Figure 26.13b. 

/ 





9.00 V 

/ - 1 .50 A and / -1.50 A 

430 £1+1.50 0 

Then V - / £ ( =(130 A)(4.50ft) = 6.75 V 

I M = 1.50 A. K„«/J^=(I.50A)(I30 ft) = 2.25 V 

For resistor* in parallel the voltages are equal and are the same as the voltage across the equivalent resistor, so 
Kj = i;af> 2.25 V. 


/, ^Ll. - 0.500 A. / - — - 0.500 A. - 0.500 A 
" K; 430 n R< 

Evaluate: Note thit /, +/»•*/,- 1.50 A. which is /^. For resistors in parallel the currents add and their sum 
is the current through the equivalent resistor. 

<b) Set Ur P-/'R 

Execute: =(!-50 A) J (450 ilj-10.1 W 

/>-/>-/>-(0.S00 A)'(4.50n) = l.12S W. which roundiI d 1.12 W. R, glow* bnghtcit. 

EVALUATE: NoWlhal P ! *P, + P 4 - 337 W. Thucquah l*„ - /' R„ - (1.50 A)’(1.50 H>-33? \V. the power 
dissipated «n the equivalent resistor. 

<cl SET UP: With R t removed the circuit becomes the circuit in Figure 26.13c. 

EXECUTE: R 1 and R, arc in parallel and 
their equivalent resistance R^ k given by 

—--t J-1— and /? =2.25ft 

R m R : R, 4.50 0 * 

Figure 26.13c 



Tlie equivalent circuit is shown in Figure 26.13d. 
/ 



Figure 26.13d 



, 9.00 V 

4.50 'i t 2 25 ft 


.333 A 


.33 A. V x - I X R =(l.333 A)(4.50ft) = 6.00 V 
1.33 A, r - / * -(1.333 A)(2.25 ft) ^3.0 


A - Li- - - 0.667 /V /> ~ l — - 0.667 A 

’ R : 4.50 ft R t 

|d> Set Up: P = I‘R 

Execute: /? =<1.333 A) i <430 ft) - 8.00 W 


Vs = K - 300 V 


/>=/>= (0.667 A)'(4.50 ft) = 200 W. 

<e> Evaluate: When R A is removed. P decreases and P : and /*. increase. Bulb R t glows less brightly and bulbs 
R ; and R j glow more brightly. When Ra is removed the equivalent resistance of tlx circuit increases and the current 
through R\ decreases. But in the parallel combination this current divides into two equal currents rather than three, 
so the currents thn>ugh R: and /?•. increase. Can also see this by noting that w ith R* removed and less current 
through R\ tlie voltage dn^i across Ri is less so the voltage drop across R: and across R\ mutf beconx larger. 
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26.14. 


26.16. 


26.17. 


IDBOTIFY: Apply Ohm's law to each resistor. 

SET CP: For resistors in parallel the voltages arc the same and the currents add. For resistor* in senes the currents 
are the same and the voltages add. 

Execute: From Ohm's law. the voltage drop across the 6.00 12 resistor is F- SR - <4.(X> AM 6.00 12 ) - 24.0 V. 
The voltage drop across the S.OO 12 resistor is the sanx. since these two reustors arc wired in parallel. The current 
through the S.OO 12 resistor is then / - VSR - 24.0 Vffi.OO 12 - 3.00 A. The current through the 25.0 12 resastor is the 
sum of these two aments: 7.00 A. The voltage drop across the 25.0 12 resistor is V - SR - <7.00 AX25.0 12 ) - 175 V. 
and total voltage drop across the top branch of the circuit is 175 V ♦ 24.0 V - 199 V. which is also the voltage 
drop across the 20.0 12 resistor. The current through the 20.0 12 resistor is then / = VSR - 199 V720 12 - 9.95 A. 
EVALU ATE: The total current through the battery is 7.00 A + 9.95 A - 16.95 A . Note that we did not need to 
calculate the ctnf of tlx battery. 

IDENTIFY: Apply Ohm's law to each resistor. 

SET Up: For resislors in parallel the voltages are tlx same and the currents add For resistor* in senes the currents 
ire the same and the voltages add. 

EXECUTE: The current through 2 . 00-0 resistor is 6.00 A. Current through 1 . 00 «f 2 resistor also is 6 .(X> A and tlx 
voltage is 6.00 V. Voltage across the 6 . 00-12 resistor is 12.0 V ♦ 6.0 V - 18.0 V. Current through the 6 . 00-12 
resistor is ( IS.O V« 6.00 12 ) - 3.00 A. The batten- emf is 18.0 V. 

EVALU ATE: The current through the tottery is 6.00 A * 3.00 A - 9.00 A The equivalent resistor of the resistor 
network is 2.00 12 . and this equals (I K.O V><9.00 A). 

IDENTIFY: The filaments must he connected such that the current can flow through each separately, and also 
through both m parallel, yielding three possible current flows. The parallel situation always has less resistance than 
any of the individual members, so »t will give tlx highest power output of 180 W. while the other two must give 
power outputs of 60 W and 120 W. 

SET UP: P - V 2 SR, w here R is the cquivafcnt resistance 

Execute: (a) 60 Wgive* R ■ - — ' : 40 tl. I 20 W- — give* R. '' - -I 20 a lorIheie 

R «t \V R. * ' 120 W 

two rail tor* in parallel. R - ll ! * : - 80 !i and P - -——-— -180 W. which i* Ihc desired value. 

“ r ,* r ! r „ son 

<b) II' R t hirns ixil. the 120 W selling slays Ihe sarix-. ihc 60 W selling does nol work and Ihc ISO W selling goes lo 
120 \V: brightnesses of zero, medium and medium 

<c> If/?: burns out. tlx 60 W setting stays the same, tlx 120 W setting does not work. and Ihc 180 W setting is now 
60 W: brightnesses of kw. zero and low*. 

EVALUATE: Since in each case 120 V is supplied to each fllanxnt network, the lowest resistance dissqiatcs the 
greatest flower 

iDEVnn: For resistors in series, the voltages add and the cuncnt is the same. For resastors in parallel, the 
voltages arc the same and the currents add. P - S'R. 

<a) SET Up: The circuit is sketched in Figure 26.17a. 

ft. - 4C011 

/i 1 

For resistors in series the current 
is the same through each. 

Figure 26.17a 



Execute: R^-R^ R } =1200 12 / =- — - ^ - 0.1CX) A. This is the cuncnt drawn from tlx line. 

<b) /> = /,**, = <0.100 A)‘(400 12) = 4.0 W 
P : =l;R : =(0.100 A >*(80012) = K.O W 

<c> /^ =/>♦/> =12.0 W. the total power dissipated in both bulbs. Note that 

P„ = V^J = <120 VX0.100 A) = 12.0 W. the power delivered b>- the potential souree. equals P^ 

<d) Set UP: The circuit is sketched in Figure 26.17b. 


I’or resistors in parallel the voltage 
across each resistor is tlx same. 



Figure 26.17b 
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26.18. 


26.19. 


KxmiK: 


r 4 -^---i^l-o.3oo xt = L. hll 

R . 400 Cl R, soo a 


-0.150 A 


EVALUATE: Note that each current is larger than the current when the resistors ore connected in series, 
let Execute: P, - - <0.30() A|’(400 £1! - 36.0 w 

P = /;*, .<0.150 A ('(8000) =18.0 W 
(f> P„ - P, - A = S4.0 \V 

EV ALUATE: Note thit the total current drawn from the line is /-/,♦/, -0.450 A. The power input from the 
line is P m - VJ - (120 VH0.450 A) - 54.0 W. which equals the total power dissipated by the bulbs. 

(r) The bulb that is dissipating the most power glows most brightly. Foe the series connection the currents ore the 
same and by P- l : R the bulb with the larger R has the larger /*; the 800 Cl bulb glows more brightly. For the 
parallel combination the voltages an: the sanx and by P - r f R the bulb w ith the smaller R has the larger P: the 
400 Cl bulb glows more brightly. 

(hi Tlx total power output P^ equals P^ — so^ is larger for the parallel connection where the current 
drawn from the liix is larger (because the equivalent resistance is smaller, ) 

IDENTIFY: Use P - V 1 >R with V - 120 V and the wattage for each bulb to calculate tlx resistance of each bulb. 
When connected in senes the voltage xross each bulb will not be 120 V r and the power for each bulb will be 
different. 

SET UP: For resistors in series the currents arc the sine and R - /?, + R i . 


r- 4 t n V (120 V) 

Execute: (a) R... - 

P 60 W 


Therefore, I - i 


240 V 


« r * <120 vr 

140 Cl : R m -— --- 

* P 20(1 W 


i)769 A. 


72 £2. 


(240 £21-7212) 

(h) P„ m =/'/? = (0.769 A>*<240 IT) = 142 W; P }a/A = /*'/? = (0.769 A ) 1 (72 Cl) = 42.6 W. 

(c> The 60 W bulb burns out quickly because the power it delivers (142 W) is 2.4 times its rated value. 

EVALUATE: In senes the largest resistance dissipates the greatest power. 

IDENTIFY and SET UP: Replace series and parallel combinations of resistors by their equivalents until the circuit 
is reduced to a single loop. Use the loop equation to find tlx current through tlx 20.0 £2 resistor. Set P - J*R for 
tlx 20.0 Cl resistor equal to the rate Q'/ at which heat goes into the water and set Q - me ST. 

EXECU TE: Replace the network by the equivalent resistor, as shown in Figure 26.19. 
too a io.o n 20.0 a 

r—WV-'VW- 1 


100 ft 

W 


10.011 

wv 


5 xi a 

-AW 


5011 

WV'— 1 


20.0 a 


10.0 it 


50 ft 

—WV— 


Figure 26.19 


30.0 V - /(20.0 Cl + 5.0 Cl ♦ 5.0 £2| = 0; / = 1.00 A 

For the 20.0 0 resistor thermal energy is generated at the rate P - I*R - 20.0 W. Q-Pt and O - mcST gives 
(0.100 k g )|4l90J.'l B -K |( 48.0r=) _ |A|w|<it s 
P 20.0 W 

EVALUATE: The batten* is supplying heat at the rate P -£J - 30.0 W. In the series circuit, more energy is 
dissipated in the larger resistor (20.0 Cl) than in the smaller ones (5.00 Cl). 

26.20. IDENTIFY: P-I : R determines R t . ^ . R, and the 10.0 fl resistor are all in parallel so have the nine voltage 
Apply the (unction rule to find the current through /?. . 

SET UP: P - / 'R (or a resistor and P - fl for an cmf. Tlx cmf inputs cicctncal erxrgy into the circuit and 
clcctrxal energy is removed in tlx resistors. 

Execute: (a) P = l;R . 20 W - (2 A)*R l and /?, - 5.00 Cl. R x and 10 Cl are in parallel, so 

(10 £2)/,,^ (5 £2X2 Aland /* = 1 A. So - 3.50 A -/ - 050 A . ft and & are in parallel, so 

(0.50 Ali?v = (2 AM5 £2) and JK, - 20.0 Cl 

<h> €-V k = (2.00 AX5.00 O) - 10.0 V 

<c> From port (a). /, = 0.500 A. /„ - 1.00 A 
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<d) /} a 200 W (given). A - /;£. - (0.50 A ) J (20 ft)- 5.00 W. P lc ^ *( 1.0 A)*(I0ft)«l 0.0 W .The total 

rate at which the resistors remove electrical energy ix P it ^ - 20 \V +SWtlOW* 35.0 W . The total rate at which 
tltc battery inputs electrical energy k = 7/2 = <3.50 AH 10.0 V) = 35.0 W . P ivt - . which agrees with 

conservation of energy. 

EVALUATE: The three resistor* are in parallel, so the voltage fee e»:h k the batten* voltage. 10.0 V. The currents 
in the three resisted* add to give th: current in the battery. 

26.21. IDENTIFY: Apply KirchhotVs point rule at point a to find the current through R Apply Kirchboffs loop rule to 
loops (I) and ( 2 ) shown in figure 26.21a to calculate R and £. Travel around each Icop in the direction shown. 

(a) Set Up: 



Figure 26.21a 


EXECUTE: Apply KirchhofTx point rule to point <r. £ / - 0 so / r 4.00 A - 6 00 A - 0 
/ - 2.00 A (in the direction shown xn the diagram!. 

<b> Apply KirchhotTx loop rule to loop ( 1 ) -( 6.00 A)(3.00 ft)-( 2.00 A)J? + 28.0 V r «0 
-18.0 V -(2.00 ft)rt + 2K.0 V = 0 

r - ~rco v ~ ■ 1 o v - SOO n 

2.00 A 

<c> Apply KirchhotTx loop rule to loop ( 2 ): -( 6 .C 0 A)(3.00 ft)-(4.00 A)( 6.00 ft)+£ -0 
£- 18.0 V + 24.0 V - 42.0 V 

EVALUATE: Can check tliat the loop rule is satisfied for locyi (3). as a check of our work: 

28.0 V -Z + (4.00 A)(6.00 ft) -(2.00 A )R ^ 0 
28.0 V - 42.0 V r 24.0 V -1 2.00 A )|5.00 ft(^ 0 
52.0 V* 42.0 V +10.0 V 

52.0 V - 52.0 V, so the loop rule ix satixfied for this loop. 

<d) IDEVIIFY: If the circuit is fceoken at poatu r there can be no current in the 6.00 ft resistor. There ix now only 
a single current path and we can apply the loop rule to this path. 

Set UP: The circuit ix sketched in figure 26.2lb. 



figure 26 . 21 b 


Execute: -2 S.0 V -(3.00 <ll/-(sno fi)/ - o 

/ iiiI,3.50A 
8.00 ft 

EVALUATE: Breaking the circuit at x removes the 42.0 V cmf from the circuit and the current through the 
3.00 ft resistor ix reduced. 
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26.22. IDENTIIY: Apply the loop rule and junctxm mlc. 

SET L'P: The circuit diagram is given in Figure 26.22. The junction rule has been used to find the magnitude and 
direction of the current in the middle hr.it>: h of the circuit. Tlxre are no remaining unknown currents. 

Execute: The loop rule applied to loop (1) gives: 

-♦ 20.0 V-( 1.00 AK 1.00 n> r ( 1.00 A)(4.00 ( 1 ) + (I .00 A HI .00 Q)-^ -( 1.00 AX 6.00 = 0 

S = 20.0 V - 1.00 V + 4.00 V + 1.00 V - 6.00 V a 18.0 V . The loop rule applied to loop ( 2 ) gives: 

•♦ 20.0 V -( 1.00 AK 1.00 a) -( 2.00 AMI .00 Ql-^ -( 2.00 Ax 2.00 a>-( 1.00 A( 6.00 fi) = 0 

£s = 20.0 V - 1 .00 V - 2.00 V - 4.00 V - 6.00 V = 7.0 V . Going from h to a along tlx lower branch. 

\\ + (200 AX 2.00 ft) ♦ 7.0 V + (2 00 AXI 00 ft)= F, . V\ - V A =-134) V ; point /> is at I3.0 V lower potential 
than point a. 

EVALUATE: We can also calculate V\ - 1 ' by going from b to a along the upper braixh of tlx circuit. 
^;-(l. 00 AX 6 .C 0 n>^ 20 OV-( 1 . 00 AKI 00 O) = ^ and i;-F, --13.0 V . This agrees with V k —V A calculated 
along a di lie rent pith between b and a. 


l.O) A 


2 00 A 


Figure 2622 

26.23. IDENTIFY: Apply the junction mle at point* a, b. c and t/to calculate the unknown currents. Then :pply the loop 
rule to three loops to calculate . £. and R. 

(a) Set lip: The circuit is sketched in Figure 26.23. 



Figure 262 } 


EXECUTE: Apply the Junction mlc to point a: 3.00 A ♦- 5.00 A - /, = 0 
/ 4 =8.00 A 

Apply the Junction mlc to paint h : 2.00 A ♦ / 4 -3.00 A = 0 
/ 4 »1.00 A 

Apply the Junction rule to paint c: I t - I 4 - /* = 0 
A = /, -/ 4 =S.OO A- 1.00 A - 7.00 A 

EVALUATE: As a check, apply the Junction mlc to point d : /* - 2.00 A - 5.00 A - 0 
/. = 7.00 A 





2 ft-10 Ompicr 2ft 


(li) EXFXtTE: Apply the loop rule to lcxip(l): £ x -(3.00 A || 4.0X1 O)- 1, (3.00 O) - 0 
£J ■ 12.0 V -(8.00 A)(3.00 (1) = 36.0 V 

Apply ibe loop rule to loop( 2 ): £ : -|5 00 A)( 6.00 O)- /,(3J» 11)-0 
£. - 30.0 V »(S.OO A)(3.0011)- 54.0 V 
(cl Apply I he loop rule to loop (3): -( 2.00 A )R - £ - £, = 0 
<? -£- 1 -54.0V-3ft.OV- 9 o 0t i 
2.00 A 2.00 A 

EVALUATE: Apply th: Itxip rule to loop <41 as a check of our calculation*: 

-12.00 A)J?—(3.00 A 1(4.00 Ci) + (5.00 A)(6.00 *2) = 0 
2.00 A>(9.00 Cl) -12.0 V + 30.0 V » 0 
-18.0 V + 18.0 V « 0 

26.24. IDENTIFY: Use Kirchhoff * Rules to find the currents. 

SET UP: Since the 1.0 V battery ha* the larger voltage, assume /, i* to the left through the 10 V battery. Ais to 
the right through the 5 V hattcry. and /, is to the right through the 10 O resistor. Go around each loop in the 
counterclockwise dirccticoi. 

Execute: Upper loop: 10.0 V-( 2.00 * 2 +3.00*2)/,-( 1 . 00*2 + 4.00*2)/, -5.00 V = 0 . Thw gives 
50 V-(5.00 *2 1 /, -(5.00 *2)/, - 0 . and =>/, + /,- 1 .00 A . 

Lover loop: 5.00 V -t ( 1.0011 - 4.01 11 )/, -(10.0 ll)/, = 0 . ThB give* 5.01 Vr (5.00 11 )/, -( 10 . 011 )/, - 0 , anil 


Along with /,-/% + /,, we can solve for the three currents and find: 

/, = O.SOO A./ s * 0.200 A. = 0.600 A. 

<l» V m% ^-(0.200 A|(4.00*2)-10.800 A)(3.0012) = -3.20 V. 

Evaluate: Traveling from h to a through the 4.00 *2 and 3.00 *2 resistors you pass through the resistor* in the 
direction of the current and the potential (tarxeases: point b is at higher potential than point a. 

26.25. IDENTIFY: Apply the Junction rule to reduce the number of unknown currents. Apply th: loop rule to two loops 

to obtain two equations for the unknown currents / ( and / x 
<a i SET Up: The circuit is sketched in Figure 26.25. 



Let /, be the current in the 3.00 *2 resisted and A be the current in the 4.GO *2 resistor and assaimc that these 
currents are in the directions shown. Then the current in th: 10.0 *2 resisted is /, - / - in the direction shown, 
where we have used KirchhofTs point rule to relate /j to/i and /j. If we get a negativ e answer for any of these 
currents we know* the current is actually in the opposite direction to what we have assumed. Three loops and 
directions to travel around the loops are shown in th: cirviut diagram Apply KirclihofTs locp rule to each loop. 
Execute: loop (l > 

-. 10.0 V - /,<3.00n)-/. (4.00 Jl)»5.00 V -/,(!.00 a) -/,( 2 . 0011 )- 0 
15.00 V-(5.00 tl)/,-(5.000)/, =0 
3.00 A =0 
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lS2Ri?J 

-♦5X0 V - 7,(1.00 «) + (/, - 7,)10.0 0-/X4.00 Cl) -0 
500 Vt(l 00 0)7, - (1 5.0 n |A = 0 


The first equation say* 7, -3.00 A-/,. 

Use this in the second equation: 1.00 A ♦ 2.007, - 9.00 A ♦ 3.007, - 0 


Then 7, - 3.00 A - 7, - 3.00 A - 1.60 A - 1.40 A. 

7j a 7, -/* = 1.60 A -1.40 A -0.20 A 
Evaluate: Loop (3> can be used as a cheek. 

♦ 10.0 V -<1.60 A 1(300 01-1020 A Ml 0.00 0)-(l 60 AX2.00 ft) - 0 
10.0 V-4.8 V *2.0 V + 3.2 V 
10.0 Vs 10.0 V 

We find that with our calculated currents the loop rule is satisfied for loop (3). Also, all the currents came out to be 
positive, so the current directitxis in the circuit diagram arc correct. 

<b> IDENTIFY and Set Up: To find V a - V m - V % start at pomt h and travel to point a. Many ditTcrent routes can 
be taken from h \o<j and all must yield the same result for Y+. 

EXECUTE: Travel through the 4.00 ft resistor and then through the 3.00 ft resistor. 
v t , ♦ 7 : (4.oo n> ♦ 7, (3.oo n> - \\ 

K - K a <1.40 AX4.00 «>♦<! .60 A 1(300 ft) - 5.60 V + 4.8 V* 10.4 V (point a is at higher potential than point b) 
EVALUATE: Alternatively, travel through the 5.00 V cmf. the 1.00 ft resistor, the 2.00 ft resistor, and the 10.0 V cmf. 
p; ♦ 5.00 V - /, (1.00 ft) - 7. (2.00 ft) ♦ 1 0.0 V » V m 

r -*; * 15.0 V-(L40 A)(l.00 ft)-(l.60 A>(2.00 ft) = 1 S.O V -1.40 V - 3.20 V = 1 0.4 V. the same as before. 

26.26. IDENTIFY: Use KirchbofTs rules to find the currents 

SET Up: Since the 20.0 V battery lias the largest voltage, assume 7, is to the right through the 10.0 V battery. /, 
is to tlx left through the 20.0 V battery, and /, is to the right through the 10 C2 resistor. Go around each loop in 
the counterclockwise direction. 

Execute: Upper loop. 1OO V♦ (2.00 Cl ♦ 3.00ft)/ 4 + (l.00ft♦ 4.1X3ft)/, - 20.00 V = 0. 

-l0.0V+(S.00n)/, + (5.00fl)/, ^0,so /,♦/,- ♦2.00 A. 

Lower loop: 20.00 V - (1.00 ft ♦ 4.00 ft) 7, - (10.0 Cl )I, = 0. 

20.00 V-(S.OOO)/ 2 -(10.00)7, =0, *o l 3 ♦ 27. ^ 4.00 A. 

Along with />-/,♦ l r we can solve for the three currents and find 7 ( = +0.4 A. 7, - ♦ 1.6 A. 7, - ♦ 1.2 A. 

<l» ^=/,<4ft)+/ 1 (3ft> = (l.6AX4ft) + <0.4 AX3ft)*7.6 V 

EVALUATE: Traveling from h to a through the 4.00 ft and 3.00 Cl resistors you pass through each resistor 
opposite to the direction of the current and the potential increases: posnt u is at higher potential than point b. 

26.27. < a) IDENTIFY: With the switch open, the circuit can he solved using scncs-pirallel rcdixtion. 

SET UP: Find the current through the unknown battery using Ohm's law. Then use the equivalent resistance of 
the circuit »o find the cmf of the battery. 

EXECT’TK: The 30.0-ft and 50.0-ft resistces are in series, and heexe have the same current. Using Ohm's law 
/j* - < 15.0 Vy(50.0 Cl) - 0.300 A - /„. The potential drop arross the 75.0 Cl resistor is the same as the potential 
drop across the 80.0-ft scries combcnation. We can use this fact to find the current through the 75.0-ft resistor 
using Ohm's bw: K ?J - V» - (0.300 AM80.0 Cl) - 24.0 V and 7^ - <24.0 V«75.0 Cl) - 0.320 A. 

The current through the unknown battery is the sum of the two currents we just found 

h** - 0.300 A ♦ 0.320 A - 0.620 A 

The equivalent resistance of the resistors in parallel is l.'i?, - 17(75.0 Cl I ♦ 1/(800 ft). Hiis gives - 38.7 ft Hie 
equivalent resistance “seen" by the battery is - 20.0 il 38.7 il - 5S.7 Cl. 

Applying Ohm's bw to the battery gives C - R^J JuJ - (58.7 0X0.620 A) - 36.4 V 

<b> IDENTIFY: With the switch closed, the 25.0-V battery is connected across the 50.0-ft resistor. 

Sf:t Up: Taking a loop around the right part of the circuit. 

Exec ute: Ohm s law gives 7 - (25.0 V)<50.0 n> - 0.500 A 

EVALUATE: The current through the 50.0-ft resistor, and the rest of the circuit, depends on vvlxihcr or not the 
switch is open. 
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26.28. IDENTIFY: Wc need to use KirchhofTs rules. 

SET Up: Take a loop around the outside of the circuit, use Ihc current at the upper jurxtion. and tlien take a loop 
around the rigfK side <»f the circuit. 

EXECUTE: The outside loop give* 75.0 V -(12.0(2X1 50 A) - <48.0 (2)/^ - 0. so/<* - I.1R8A. At a 
Junction we have 1.50 A - 1 / ♦ 1.188 A. and /,• 0.313 A. A loop around the right part of the circuit gives 
£- (4K (2X1-188 A) ♦ <150 (2)0.313 A|. € - 52.3 V, with the polarity shown in th: figure in the problem 
Evaluate: The unknown battery has a smaller emf than the known one. so the current through it goes against 
its polarity. 

26.29. <a) IDENTIFY: With the switch open, we have a series circuit with two batteries. 

SET UP: Take a loop to find the current, then use Ohm's law to find the potential difference between a and h. 
EXECUTE: Taking the loop: / - (40.0 V)< 175 (2) - 0.229 A. The potential difference between a and b is 
V % - r*-4l_5.0 V (75.0HK0.229 A>- -2.14 V. 

Evaluate: The minus sign means that a is at a higher potential thin b. 

<b> IDENTIFY: With the switch closed, the ammeter part of the circuit divides the original circuit into two 
circuits. We can apply KirchhofTs rules to both parts. 

SET Up: Take loops around the left and right parts of the circuit, and then look at the cunenf at th: Junction. 
Execute: The left-hand locp gives / l(M - (25.0 V)( 100.0 (2l - 0.250 A. The right-hand loop gives 
- < 15.0 V>(75.0 (2) - 0.200 A. At the junction Just abov e the switch wc have I m - 0.250 A (in) and 
/n - 0.200 A (out). so /, - 0.250 A 0.200 A - 0.050 A. downward. The voltmeter reads zero because the 
potential ditVeterxe xross it rs zero with the sw itch closed. 

EVALUATE: The ideal ammeter acts like a short circuit, making a and h at the same potential. Hence the 
voltmeter reads zero. 

26.30. IDENTIFY: The circuit is sketched in figure 26.3&L Siixc all th: external resistors are equal, the current must be 
symmetrical tlmugh them. That is, there can be no current through the resistor R for that would imply an 
imbalance in currents through the other resistors. With no current going through /?. the circuit is like that shown in 
Figure 26.30b. 

SET UP: For resistors in series, th: equivalent resistance is R % - R ~ R. . For resistors m parallel, the equivalent 

.Ill 
resistance is-— t — 

X, « X: 


EXECUTE: The equivalent resistance of the circuit is R 


II | t V 

— ♦- -1 (2 and / --13 A The two 

2ft 2 n ^ 1ft 


parallel branches hive the simc resistance, so - 6.5 A. The current through each I (2 resistor is 6.5 A 

and no cuncnt passes through R. 

<b> As woikcd out above. R^ - 1 (2 . 

<c) - 0. since no current flows through R. 



<*> <b) 

Figure 26J0 


26.31. IDENTIFY: To construct an ammeter, add a shunt resistor in parallel with the galvanometer coil. To construct a 
voltmeter, add a resistor in scries with the galvanonxter coil. 

SET Up: The full-scale deflection cuncnt is 500 y/A and the coil resislarxc is 25.0 (2 . 

EXECUTE: (a) For a 20-mA ammeter, the twx> resistances arc in parallel and th: voltages acrcvts each are the 
same. V t -V A give 1500-10 ‘ A||25.0n|-(20« 10 ‘ A - 500-10 * A)/? and K ^0.64lli. 
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26.32. 


26.33. 


26.34. 


26.35. 


(b) For a 500-mV voltmeter, the resistances arc in series and the current is the same through each: -/(/?, + R % \ 

and 11 \ ~2S.Oft-97Sn. 

/ 500x10 A 

EVALUATE: The equivalent resistance of the voltmeter is _ R t + R - 1000 ft. The equivalent resistance ot* 


the ammeter is given by --+ — and R^ - 0.625 ft . The voltmeter is a high-resistance device and the 

R+ R* R. 

ammeter is a low-resistance device. 

IDENTIFY: The galvanometer is represented in the circuit as a resistance R c . Use the junction rule to relate the 
current through the galvanometer and the current through the shunt resistor. The voltage drop across each parallel 
path is the same; use this to wnte an equation tor the resistance R. 

SET UP: The circuit is sketches! in Figure 26.32. 


AAA 


S - 9 11 


AAA 


(10224 A 

AAA- 


' - 200 A 


r =om»ii 


Figure 26J2 


We want that /. - 20.0 A in the external cireuit to produce f u - 0.0224 A through the galvanometer coil. 
EXECUTE: Apply ing the (unction rule lo paint a gives 1 1 - I u - - 0 

= /, - J k - 20.0 A - 0.0224 A ^ I9.9S A 

The potential dilTcrerxc between poants a and b must be the same <c»r both paths between these two points: 




(19.98 AM0.0250n> 


- 9.36 ft - 22.30 ft - 9.36 ft - 12.9 ft 


0.0224 A 


EVALUATE: /? a « R *• R k ; most of the current goes through the shunt. Adding R decreases the tract xm of the 
current that goes through /? . 

IDENHFY: The meter introduces resistance into the circuit, which affects the current through the 5.00-kft resistor 
and hence the potential drop across it. 

SET Up: Use Ohm’s law to find th: current through the 5.00-kft resistor and then the potential drop across it. 
Execute: (a) The pamllel resistance with the voltmeter is 3.33 kft so the total equivalent resistance across the 
battery is 9.33 kft. giving / - (50.0 V) (933 kft) - 5.36 mA. Ohm’s law gives the potential drop across the 
5.00-kft resistor: V ilo - (3.33 kftK5.36 mA) - 17.9 V 

<b> The cureent in the cireuit is now / - <50.0 V>'( 11.0 kft) - 4.55 mA. Esin - (5.00 kft)(4.55 mA) - 22.7 V. 

<c> % error - (22.7 V - 17.9 V>|22.7 V) - 0.214 - 21.4%. (We carried extra decimal places for accuracy since wc 
had to subtract our answers) 

EVALUATE: The presence of the meter mad: a very large percent error in the reading of the *‘truc~ potential 
across the resistor. 

IDENTIFY: The resistance of the galvanometer can alter the rcsistaixe in a cireuit. 

SET Up: The shunt is in parallel with the galvanometer, so wc find th: parallel resistance of the ammeter. Then 
use Ohm’s law to find the current in th: circuit. 

EXECUTE: (a) The resistance of the ammeter is given by MR A - l/< 1.1X1 ft) ♦ 1/(2 5.0 ftt. so R t - 0.962 ft The 
current through the ammeter, and hetxe th: cureent it measures, is /- V!R - <25.0 VX 15.96 ft) - 1.57 A. 

<b) Now there is no meter in the circuit, so the total resistance is only 15.0 ft. / - <25.0 VyjIS.O ftt - 1.67 A 
<€><1.67 A - 1.57 AX 1.67 A) - 0.060 - 6.0% 

EVALUATE: A I -ft shunt can intnxlucc noticeable error in the measurement of an ammeter. 

IDENTIFY: When the galvanometer reading is zero £ 2 - /ff A and £ x - IR^ . 


SET Up: R , is proportional to r and R^ is proportional to /. 


Execute: <a) £, - £ x 2_l _ £ 1 . 

R* i 

<b) The value of the galvanometer's resistance is unimportant since no current flows through it. 

<c> 19.1 s VI — ll "' m - 3 M V 

* ' 1 ' I (100 m 

EVALUATE: The potentiometer treasures the cmf £.. of the source directly. unatTcctcd by the internal resistance 
of the source, since the measurement is made with no current through £■ . 
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26.36. 


26.37. 


26.38. 


26.39. 


26.40. 


IDENTIFY: A half scale reading occurs with R - 6000. so tb: current through lb: galvanonxtcr u bilf the full 
scale current. 

SKT UP: The resistors R % . /? and R arc in senes, so the total resistance of the circuit is R k4il - R K + /? *f R . 
Execute: S-Ut,^. IJ0V = | j(15.00*6000 + R.) and R ,-21811 

EVALUATE: We hasv assumed that the device is linear, in the sense that the defection is proportional to the 
current through the meter. 

IDENTIFY: Apply £ - IR _ f to relate the resistance /? to the current in the circuit. 

Set Up: R and the meter are in series, so R^ - R + R + R kt . where R u - 65.0 O is tb: resistance of the 

meter. / w - 2.50 otA is the current required fee full-scale defection. 

EXECUTE: (a) When the wires are shorted, the full-scale deflection current is obtained: £ - IR kU . 

I.S2V ={2.50x10‘ A|<65.0n+A) and A-54311. 

(b> If ibe raisliDce K -2000: /-J_-_— -_= 1.88 mA. 

‘ ^ 65.0 O * 54311* R 

<c) / - __ _ 1 ~ -_and R - 1 ~~ ^ - 608 O. For each value of I we have: 

* R,^ 65.0 {1*543 O - /f 4 /_ 

Far /, - —. - 6.25 x 10 ' A . ff,- —11 - 6080-18240. 

4“ 6.25x10 A 

foil ,-!/.. -1.25x10 'A. ff,-—— -- 60S O - 60S O 

2 1.25x10'A 

Foi /, -. - IS75-10 1 A . R,■ -——-- 608 0 - 203Q. 

4 1.875x10 'A 

EVALUATE: The deflection of the meter inrreascs when tb: resistance R . decreases. 

IDENTIFY: An uncharged capacitor is placed into a circuit. Apply the loop rule at each time. 

SET UP: The voltage across a capacitor is V c -q!C . 

EXECUTE: (a) At the instant th: circuit is completed, there is no voltage over the capacitor, since it has no charge 
stored. 

<b> Since V t - 0. the full battery voltage appears across the resistor V t -£ -125 V r . 

<c> There is no charge on the caparitor. 

<d> Thecurrent through the resistor is / - —-— - -0.0167 A. 

7500 0 

(el After a long time has passed the full battery voltage is across the capacitor and r - 0 . The voltage across the 
capacitor balances the cmf: \\ -125 V. The voltage across the resrster is zero. The capiotor's chirgc is 


q _ CV ( - (4.60 x 10 * F) (125 V) ^ 5.75 x 10 * C. The current in the circuit is zero. 

EVALUATE: The current in the circuit starts at 0.0167 A and decays to zero. The charge on tb: capacitor starts at 
zero and rises to q - 5.75 x 10^ C . 

IDENTIFY: The capacitor discharges exponentially through the voltmeter. Since the potential difference across 
the capacitor is directly proportional lo the charge on the plates, the voltage across the plates decreases 
exponentially with the same time ccoistant as the charge. 

SET Up: The reading of the voltmeter obeys the equation V - V# <Xx . where RC is the time constant. 

Execute: (a) Solving for C and evaluating the result when / - 4.(10 s give* 

C -- 12 2iL_ - 8.49 x 10 ’F 

lb) r-«C-(3.40x 10*11X8.49 x 10 ’ F) - 2.89 1 

EV ALUATE: In most labevatocy circuits, time constants are much shorter than this one. 

Identify: For a charging capacitor q(l) - C£(l - e ' ' > are! i(l) - — c ‘*' . 

R 

SETUP: Ibe lime comlanl i%RC- 104(95x1 O’ 0X12.4* 10* F)- 11.1.v 


Execute: »> At t - 0 *: 4 - C£( 1 -«'*).o 
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Al < - 5 %: q - Cl (I - c ' * ) - (12.4 * 10 " FX60.0 V||l - *"*“ 2.70 < 10 " C. 

Al f -10 *: q*C£{l-e'‘ “) -(12.4« 10* FK60.0 VXl.>=4.42x10^ C. 

Al r - 20 *: q -Cl(l~c 1 * ) ^(12.4« 10* FH60.0 VXI 6.2lx 10 ‘ C. 

Al f-IOO»:fl = Cf<l-c‘* >^112.4x10* FX60.0 VHI-c '"*'”““')-7.44»IO" C 
(bl The current al lime t i» given by: 1 - 2_< - ' * 

At f - 0 s: j - 60 (1 V >» * ,,M «6.70xl0 4 A. 

8.95x10 ft 

At r - 5 %: i -■ 60 0 V e 11 ‘ ^ 4.27 x 10 5 A. 

8.95 x 10 ft 

At r-10*:/-— -• > * 4 ' 1 -2.27x10 * A 

8.95x10 ft 


At r - 20 


SO.O V 


8.95x10* ft 


u u i 


k 10 A. 


At r - 100 s: i - fta0V »• ,w = 820x10 4 A. 

8.95x10 ft 

(c> The graph* of q(t) and r(f )are given in Figure 26.40i and 26.40b 
EVALUATE: The charge on the capacitor increAscs in time a* the current decrcAsc*. 


V<«0 4 o 


f(IO \w 








26.41. IDENTIFY: The capacitor*, whxh are in parallel, will discharge exponentially through the resistors. 

SET Up: Since V is proportional to O. V must obey th: same exponential equation a* O . 

V- Vit***. The cimrat U / - <Y,/Rf e‘*'. 

EXECUTE: (a) Solve for time when the potential across each capacitor is 10.0 V: 

/- - RC ln(U/Fo) - (80.0 ft«35.0//F) Ini 10451 - 4210 /jx - 4.21 ms 
<b> / - (V*iR) c %,A . Using the above value*, with Vq - 45.0 V. give* / - 0.125 A. 

EVAI.UATE: Since the current and the potential both obey the umc exponential equation, they are both reduced 
by the same factor (0.222) in 4.21 nw. 

26.42. IDENTIFY': In r - RC use the equivalent capacitance of the twxi capacitors. 

SET UP: For caparitorx in series. —- - - + —. For capacitors m parallel. CV - C t C\ . Originally. 


r-rtC- 


EXECUTE: (a) The combaned capacitance of the two identical capacitors in serie* is given by —-^ -t-1- . 


so - i-. The new time constant i* thus R(Ct 2> - ° V* * ■ - 0.455 x 

(b) With tlu: two capacitors in pirallcl the new total capacitance r* simply 2C. Thus the time constant is 
i?(2C)a 2(0.870 s)^ 1.74 s. 

EVALUATE: The time constant is proportional to C m . For capacitors in sene* the caparitancc is decreased and 
for capacitors in parallel the capacitance is increased. 
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26.43. IDENTIFY anil SET IjP: Apply the kicp rule. The voltage across the resistor depends on the current through it and 
the voltage across the capacitor defends on the charge on its plates. 

Execute: e-V t -V t = o 

€ ^ 120 V, V g -JR^ (0.900 A ||80.0 12) = 72 V. so V c - 4K V 
(? = Cr »(4.00x 10* F)(4S V)- 192 /jC 

EVALUATE: The initial charge is zero and the tinal charge is C€ - 480 pC. Since current is flowing at the 
instant considered in the probV^n the capacitor is still being charged and its charge has not reached its final value. 

26.44. IDENTIFY: Hie charge is increasing while the cuncnt is decreasing. Both obey exponential equations, but they 
are not the same equation. 

SET Up: The charge obeys the equation Q - Q M { I c i but the equation for the current is / - / M r . 
EXECUTE: When the charge has reached 4 of its maximum value, wc have ft MV '4 - 1 e ) . which 

says that the exponential term has the value e tM — 4- The current at this time is / - / n +c • 

<34)1(10.0 VM 12.0 ni| -0.625 A 

EVALUATE: Notice that the current will he 4* not r* of its maximum value when th: charge is 4 of its 
maximum. Although current and charge both obey exponential equations, the equations have different f«ms for a 
charging capacitor. 

26.45. IDENHFY: The stored energy is proportional to the square of the charge cm the capacitor, so it will obey an 
exponential cquatxm. but not the same equation as the charge. 

SET UP: The energy stored in the capacitor is U - Q'flC and th: charge on the plates is ft c * u . The current is 
/-/ 0 f rJr . 

Execute: V - (f '2C - <0, ”'y. 2C -U,e " c 

When the capacitor has lost 80% of its snored energy, the energy is 20% of th: initial energy, which is UJS. UofS - 
U, c- v " give* I - (R02) In 5 - (25.0 ii 114.62 pF»in SV2 - 92.9 p». 

At this lime, th: cunrnl « / - A e- (0,1 fC) r ,AC . so 

/ - (3.5 nCVl(2S.O 12*4.62 pF)] e ,w -I - | 3.6 A. 

EVALUATE: When th: energy reduced by £0%, neitlxr th: current nor the charge are reduced by that percent. 

26.46. IDENTIFY: Both the charge and energy decay exponentially, hut not with the same time ccmstnnt since the energy 
is proportional to the square of the charge. 

SET UP: The charge obeys the equation Q - ft e 1A but the energy obeys the equation 
U - ff*2C - (ft e ^y2C - U 0 <• . 

EXECUTE: (a) The charge is reduced by half: ft>2 - ft e . This gives 

/ - RC In 2 - (175 fiH 12.0 /iFXln 2) - 1.456 ms - I 46 ms. 

<b> The energy is redured by* half: UJ2 - U t e This gives 

/ - (RC In 2>2 - (1.456 ins) ‘2 - 0.728 ms. 

EVALUATE: The energy decreases faster than the charge because it is proportional to the square of the charge. 

26.47. IDENTIFY: In both cases, simplify the consented circuit by eliminating the appropriate circuit elements. The 
potential arrovs an uncharged capacitor is mitully zero, so it behives like a short circuit. A fully charged capacitor 
allows no current to flow through it. 

(a) SET IIP: Just after closing the sw itch, the uncharged capacitors all behave like short circuits, so any resistors 
in parallel with them are eliminated from the circuit. 

Execute: The equivalent circuit consists of 50 12 and 25 12 in parallel, with this combination in serxs with 
75 fk 15 fl and the 100-V batten*. The equivalent resivtanee is 9012 ♦ 16.7 12 - 106.7 12. which gives 
/ - (100 VM 106.7 12) - 0.937 A. 

<b> SET l.’P: Long after closing the switch, the capacitors are essentully charged up and behave like open circuits 
since no charge can flow through them. They effectively eliminate any resistors in series w ith them since no 
current can flow through these resistors. 

Execute: The equivalent circuit consists of resistances of 75 12. 15 12. and three 25 12 resistors, all in scries with 
the 10O V batten*, for a total resistance of 165 12 Therefore / - <100 V«165 12) - 0.606 A 

EVALUATE: The initial and final behavior of the circuit can be calculated quite easily using simple senes-(xirallcl 
circuit analysis. Intermediate times wxiuld require much more difficult calculates! 

26.48. IDENTIFY': When the capacitor is fully charged the voltage V across tie capacitor equals the battery cmf and 
Q - CV. For a charging capacitor, q = (?(l -r“ ,rlc ). 


SETUP: lnc'-x 




Direct-Current Circuits 26-17 


EXECUTE: (a) Q = CV - (5.90 x 10 * F)(28.0 V) - 1.65 x 10 4 C. 

— - - After 

CH\-<p'Q) 

-3^10 * s 


lb) i/ - Oil - e ■* * 1. so c ‘ M - I - — and -- 

e c l«y I - 4$Q) 


f -3x 10 ' xR 


(5.90x10 v I Kind-111) .'16511 


463 12. 


<c> I fib: charge is lo be 99% of final value: — = (I-c 1 * ) gives 
/ = - RC ln(l - q!Q) ■= - (463 fl) (5.90 x 10 ‘ F) InfO.O1) -0.0126 x. 

Evaluate: The time constant ix r - RC - 2.73 ms. Tlic time in part <b) is a bit more than one lime constant arxl 
the time in pari (c) is about 4.6 tinx constants. 

26.49. IDEVHFY: For each circuit apply tlx loop rule to relate the voltages across the circuit elements. 

<a i SET Up: With the switch in position 2 the circuit is the charging circuit shosvn in Figure 26.49a. 


At t - 0. q - 0. 


Figure 26.49a 

EXECUTE: The charge q on tlx capacitor is given as a function of time by Fi|.(26.12 |: 

Q, -C €= (l.5fl«10'' F)|1K.0 V) = 170-10* C. 

RC = |9KI> Olj 1.50* 10 * F| = 0.0I47 s 

Thus.* »= 0.0100 *. g = (2.70“10 * C)(l _ ijj 



(b) r ( = — = —i—— = 8.S7 V 
* C 1.50-10 F 
The loop rule says £ — v c — v k = 0 
v*«£-v f *18.0 V-8.S7 V =9.13 V 

(cl SET UP: Throwing the switch back to position I pnxluces the dischargini! circuit shown in Figure 26.49b. 


The initial charge 0, is tlx 
charge calculated in part (b), 
(?, -133/C. 


Execute: 



- S.H i V. the same as just before tlie switch is throw n. But now 


L fA 


IlftllM ulbMO 


.50x10 1 

y c - v t - 0, so v k * *v = 8.87 V. 

<d) SET UP: In the discharging circuit the charge on tlx capacitor as a function of time is given by Fq.(26.16): 

* m Qf 

EXECUTE: *C = O.OI47 s. the sanxas m part (a). Thus at i =0.0100s,g=<133= 67.4>iC. 
EVALUATE: i - 10.0 ms is lew than one time constant, so at the instant denrnbed in part (a) the capacitor is not 
fully charged; its voltage (8.87 V| is less thin the emf. There is a chirging current and a voltage drop across tlx 
resisted. In the discharging circuit the voltage across the caparitor starts at 8.S7 V and decreases. After / - 10.0 ms 
it has decreased to v c = qfC = 4.49 V. 

26.50. iDEvnrv: p-y/-i‘R 

SET Up: Problem 25.77 says that for 12-gauge wire tlx nsrvimum safe current is 2.5 A. 

EXECUTE: (a) / - L - - 171 A. So we need at least 14 gauge wire (good up to ISA). 12 gauge ix also 

ok (good up to 25 A). 
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|b) P * — and It - — - l£^222l _ 1411. 

R P 4100 W 

(cl Al 11 c per kWI L for 1 hour the cut ix <11 **\VhX I h X4.1 kW> - 45c . 

EVALUATE: The cost to operate the device is proportional to its power consumption. 

IDENTIFY and SET UP: The heater and hair dryer arc in parallel so the voltage across each is 120 V and the 
current through the fuse is the sum of the currents through each appliance. As the power consumed by tlx dtycr 
increases the current through it increases. The maximum power setting is the highest one for which the current 
through the fuse is less than 20 A. 

EXECUTE: Find the current through tlx heater P -17 so / - Pf V -1500 W t \20 V - 12.5 A. The maximum 
total current allowed is 20 /V so the current through the dryer must be lew than 20 A -125 A - 7.5 A. The power 
dissipated by the dryer if tlx current has this value is P - 17 =(120 V)(7.5 A) - 900 W. For Pat this value or 
larger the circuit breaker tnps. 

Ev aluate: P - I'* R and for the dryer V is a constant 120 V. The higher power settings correspond to a 
smaller resistance R and larger current through the device. 

IDENTIFY: The current gets split evenly between all the parallel bulbs. 

SET Up: A single bulb will draw / - — - _ 0.75 A . 

V 120 V 


EXECUTE: N umber of hulta : 


U.75 A 


26.7. So you can attach 26 bulbs safely. 


EVALUATE: In parallel tlx voltage across each bulb is tlx circuit voltage. 

IDENTIFY and SET UP: Ohm’s law and liq.(25.IS) can be used »o calcuhtc / and /' given I'and R Use Eq.(25.l2) 
to calculate the resistance at the higher temperature. 

(a) EXECITE: When the txater element is first turned on it is at room temperature and has resistance R - 20 il. 

, V 120 V ... 

R 20 n 

p ^JmvL =now 

r 20 n 

(b> Find the resistance R{ 7) of the element at the operating temperature of 2K0' 5 C. 

Take 71 - 23.<TC and /L-20F1 Eq.(25.l2) gives 


«(r)aj^(Ufl(r-r i )|» 2onji+(2.8xio *(c ? )')( 


280°C - 23.0°C 11 - 34.4 il. 


/ - — ™1.MA 

R 34.4 Cl 

v * (120 vr 

EVALUATE: When the temperature increases. R increases and / and /* decrease. The changes are substantial. 

(a) IDENTIFY: Tw o of the resistors in series would each dissipate ocx half the total, or 1.2 W, which is ok. But 
tlx series combination would have an equivalent resistance of S00 fi. not the 400 f i that k required. Resistors in 
paralV:! have an equivalent resistance that is less than that of the indiv idual resistors, so a solution is two in senes 
in parallel with another two in series. 

SET UP: The network can be simplified as shown m Figure 26.54a. 


R-4CIMI R 



rCDi-pq 


Figure 26.54a 

EXECUTE: R k is the resistance equiv alent to two of the 400 Cl resistors in senes. R-R + R- 800 Cl. R^ is 

the resistance equivalent to the two R % - 800 Cl resistors in parallel: -- 1 -1-—; R^ - ** <X> ^ - 400 Cl. 

EVALUATE: Thr< combination dixs have the required 400 O equivalent resistance. It will he shown in part (b) 
tliat a total of 2.4 W can be dissipated w ithout exceeding the power rating of each individual resistor. 
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26.55. 


IDENTIFY: Another solution is two resistors in paralkl m series with two mixv in parallel. 
SET IJP: The network can be simplified as shown xn figure 26.54b. 

E- 40011 * 



-m 


EVALUATE: This combination has the required 40012 equivalent resistance It will be shown in part tb) that a 
total of 2.4 W can be dissipated without exceeding the power rating of each individual resistor. 

(b) iDF.vnn and SET l>: find the applied voltage V* su:h that a total of 2.4 W is dissipated and then for this 
V*, lind the power dissipated by each resistor. 

EXECUTE: for a combination with equivalent resistance R ^ - 400 O to dissipate 2.4 W the voltage applied 
to the network must tv given by P - V+i R^ so - ^77?, - ^2.4 W)(400 Q) - 31.0 V and the current through 
the equivalent resistaixe is / - V+R - 31.0 V740O Q - 0.0775 A. for the first combination this nxans 31.0 V 
across each parallel branch and 4(31.0 V)-15.5 V across each 4(X)12 resistor. The power dissipated by each 
individual resistor is then P s V 1 1R *(15.5 V )* ■' 400 f2 = 0.60 W. which is less thin the maximum allowed vain: 
of 1.20 W. For the second combination this means a voltage of //? - (0.0775 A)(200 f2) - 15.5 V across each 
parallel combination and hence acnxts each separate resistor. The power dissipated by each resistor is again 
P = y‘ / R = (15.5 V (■’ 1 4(10 n = 0.60 W. w h»ch u lew than Ihe maximum allowed value of 1.20 W. 

EVALUATE: The symmetry* of each network says that each resistor in the network dissipites the same power. So. 
for a total of 2.4 W dissipated by the network, each resistor dissipates <2.4 W)/4 - 0.60 W. w hich agrees with the 
above analysis. 

IDENTIFY: Tlic Cu and Ni cables arc in pirallel. For each. R - 

SET Up: The composite cable is sketched in figure 26.55. The cross sectional area of the nickel segment is 
ind the area of the copper portion is .r(h* - a*), for nickel />- 7.8x 10 * fi m and for copfvr p- l.72x 10 * f2 m. 

L 


iww he : 


— R h * p LI A - p H ,—- and 4 - Au - a , 




i. 


T<6* -17* > 


—. Therefore. 


I .t<j* xib’ - a’ > 

PhJ- ft/ 


—! £|—>£iz£-L_f_| . .(OIQOmr-,0.050 mr 1 jn,, j ,3.6x10* n-i3. 6 <,n 

R^ L\ As. A, ) 20 m[ 7.8x10' Q m 1.72x10* ft m J 

.t b : R *<0.10 mf <13.6x10 "ft) 


< b > * - Pm — - Put — Tins gives - 


-2.14xl0'ft m 


20 m 

EVALUATE: The effective resistivity of the cable is about 25% larger than the resistivity of copper. If nickel had 
in finite resitivitv and only the copper portion conducted, the resistance of the cable would be 14.6 iL 2 . which is 
nor much larger thin the resistance calculated in part <a). 





2620 


Chapter 26 


26.56. 


26.57. 


26.53. 


26.59. 


IDEXHFY and SET UP: Let R - 1.00 Q, tbc resistance of one wire. Each half of the wire has 
R\ - R' 2 - 0.500 £2. The combined wires are the same as a resistor network. t.'sc the rules for equivalent 
resistance for resistors in serw and pirallel to find the resistance of the network. as shown in Figure 26.56. 
Execute: 

*» I—wvs ** 

- 

Figure 26.56 

The equivalent resistance is ^ + R % <2 + R v = SR % >2 -ij0.500 £2)- 1.25 £2 
EVALUATE: If the two wires were connected end-to-end. the total resistance would be 2.00 £2. If they were 
joined sidc-bY-sxle. the total resistance would be 0.500 £2. Our answer is between these two limiting values. 
IDENTIFY: The terminal voltage of the battery depends on th: current through it and therefore on the equivalent 
resistance connected to it. The power delivered to each bulb is R - i 'R . where / is the current through it. 

SET UP: The terminal voltage of the source is £ - Jr . 

Execute: (a) The equivalent resistance of the two bulbs is I .012 This equivalent resistance is in senes w ith the 

V 8.0 V 

internal resistance of the source, so the current through the battery is /-- ■ 4.4 A and th: 

Jim 1.012 + 0.800 

current through each bulb is 2.2 A. The voltage applied to each bulb is £ - Ir - 8.0 V -(4.4 A HO 80 £21 = 4.4 V . 
Therefore. P tm% = I'R = (2.2 A)*<2.0 £21 =9.7 W. 



(b> If one bulb bums out. then / = 


2.9 A.. The current through the remaininu bulb is 


Jim 2.0 £2+ 080 £2 

2.9 A. and P- J : R = (2.9 A>* (2.0 £21 - 16.3 W . The remaining bulb is brighter tlian before, because it is 
consuming more power. 

EVALUATE: In Example 26.2 the internal resistance of the source is negligible and the brightness of the 
remaining bulb doesn't change when one bums out. 

IDENTIFY: Half the cuncnt flows through e:*ch parallel resistor and th: lull current flows through the third resistor, 
that is in serxs with the puralkrl combination. Thcrefcee. only the scries resistor will h: at its maximum power. 
SETUP: P-fR 

Execute: The maximum allowed power is when the total current is the maximum allowed value of 
/ - JF7r - J36 \V2.4 £2 - 3.9 A. Then half the current flows through the parallel resistors and the maximum 
power is P^ K = <//2) J * + (/V2( J R + I R - j/ 2 R = 413.9 A) J (2.4 £2>= 54 W. 

EV ALUATE: If all three resistors were in series or all three were in parallel, then the maximum power would h: 
3(36 W1 - 108 W . For the network in this problem, th: maximum power is hilf this value. 

IMXIUV: The ohmnxlcr reads the equivalent resistance between points a and h. Replace series and parallel 
combinations bv their equivalent. 


SET l.’P: For resistors in parallel.-+ —. For resistors in series. R^ - R x + R. 

R x R : 

EXECUTE: Circuit |at: The 75.0 £2 and 40.0 £2 resistors are in parallel and have equivalent resistance 26.09 £2 . 
The 25.0 £2 and 50.0 £2 resistors are in parallel and have an equivalent resistance of 16.67 £2 . The equivalent 


network is given in Figure 26.59a. -!-!-+-!-.so R - 18.7 £2 

R „ 100.012 23.0512 * 
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Circuit (b): The 30.00 and 45.00 resistors arc in parallel and have equivalent resistance 18.00 . The 

equivalent network ix given in Figure 26.59b. —--t-, so /?. - 7.5 O. 

M 10.0 0 30.30 



Figure 26.59b 


EVALUATE: In circuit (a) the resistance along one path between a anti k is 100.0 O . but tint rs not the equivalent 
rexixtanre between thexe point*. A .similar comment can be made about circuit (b). 

26.60. IDENTIFY: Heat, which is generated in the resistor. melt* lb: ice. 

Set UP: Find the rate at which beat w generated in the 20.0 ft resistor using P - V'iR. Then use the heat of 
fusion of ice to find the rate at winch the ice melts. The heat dlS to melt a mass of ice dm i* dH - L t dm, where /., 
ix the latent heat of fusion. The rate at which beat enters tb: ice. dH dt . ix the power P in the resistor, so P - X.* 
dm dr Therefore the rate of melting of the ice ix dm'dt - PiL\. 

EXECUTE: The equivalent resistance of the parallel branch is 5.00 ft. so tb: local resistance in tie circuit k 35.0 ft. 
Therefore the total current in tbc circuit ix / I<44| - 145.0 V) (J5.0 ft) - 1.286 A. Tb: potential ditTcrence across 
the 20.0*ft resistor in the ice is tb: same a* the potential ditTcTencc across the parallel branch: F M - • 

( 1.286 A)(5.0012) - 6.429 V. The rale of beating of the ice is P„ - Vj/R - (6.429 V> : ,'f200121 - 2.066 W. This 
power goes into to heat to inch the ice, so 

dm 'dl - P.'L, - (2.066 W)'( J.34 « 10'J 'kg) - 6.19 . 10 * kg's - 6.19 x 10 *gfr 
EVALUATE: The melt rale is about 6 mg s. which ix not much. It would take 1000 x to melt juu 6 g of ice. 

26.61. IDEVT1FY: Apply the junction rule to express the currents through tbc 5.(X) ft and 8.00 ft resrstors in terms of 

and /,. Apply tb: loop rule to three loopx to get three equations in the three unknown currents. 

SET UP: The circuit ix sketched in Figure 26.61. 


5.00 a ,f * /l &0011 



taoft 

Figure 26.61 


The current in each branch has been written in terms of and /. such that the junction rule is satisfied at each 
junction point. 

Execute: Apply tb: loop rule to loop < 1). 

-12.0 V + / a (l.00 ft>*(Jj-/ 4 )(5.<Oft) = 0 
L 16.00 ft)-/,(5.00 ft) = 12.0 V cq.(l) 
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26.62. 


26.63. 


Apply the loop rule to loop 12). 

-/, (i oo n) + 9.oo v—(/| + 1 1 )(s.oo n) * o 
/,|9.00 n) + /,(8.00 n)^9.00 V cq.<21 

Apply Ibe loop ruW to loop (3|. 

-/, ( io.o n) - 9.oo v , 1 11 .oo n) - /,(i .00 n) -120 v - 0 
-/,(i.oon)+/,(i .00 n)*/,(io.o q) - 3.00 v «t<i) 

Eitf 1) gives /, - 2.00 A + 2A; cq.<2) gives /, - 1.00 A -£/, 

Using these remit* in eq.(3> give* -<1.00 A-^/*|<> <*0 tl) + (200 A - */,)(l.00 C2 I +/,< 10.0 fl) ^ 3.00 V 
| U> V * |/, =2.00 A: / 4 — ttt(2.00 A) = 0.171 A 

Then - 2.<Xt A + 2/ ; = 2.00 A t-2(0.171 A) - 2.14 A and /, - 1.00 A -2/, -1.00 A -2(0.171 A) - 0.848 A. 
EVALUATE: We could check that the loop rule is satisfied for a Icop that goes through the 5.00 Cl 8.00 fi and 
10.0 Q resistors. Going around the loop clockwise: -{/,-/ 2 )(S.OO £!) + (/, + / I )<8.00n)+/ 4 (I0.012) ■ 

-9.85 V ♦ 8.15 V -f 1.71 V, which doc* equal zero, apart from rounding. 
iDEVnFY: Apply the Junction rule and th: loop mle to th: circuit. 

SET t.’P: Because of the polarity of each emt* the current in the 7.00 fi resistor mu*t be in the dirccticei shown in 
Figure 26.62a. Lei / be the current in the 24.0 V battery. 

Execute: The loop mle applied to loop <1) gives: r24.0 V - (1.80 AM7.00 ft) - /(3.00 fit - 0. / = 3.80 A . The 
junction rule tb:n says tliat the current in the middle branch i* 2.(XI A. a* shown in Figure 26.62b. The locp rule 
applied to loop <2> gives: - (1.80 A K 7.0) fl> ♦ (2.00 A M2.00 fi)*0 and £ = 8.6 V. 

EVALUATE: We can check our remit* by applying the loop rule to loop (31 in Figure 26.62b: 

t24.0 V - £ -(2.00 A)2.00 ft) -<3.80 A M3 (K) n l - 0 and £ = 24.0 V - 4.0 V -11.4 V ^ 8.6 V . which agrees 

with our result from Icop { 2 ). 



(a) <b) 

Figure 26.62 



IDEVIIFY and SET UP: The circuit is sketched in Figure 26.63 


200 V 


5 (X><» 


Two unknown current* /, (through the 2.(Xl O 
resistor! and A | through the 5.00 f) resistor) 
are labeled on the circuit diagram. The current 
through the 4.00 fl resistor ha* been written as 
/j - /, using the junction rule. 


4 0)0 


UOV 


Apply the loop mle to loopt (1) and (2 ) to get two equations for the unknown currents. / and L. Loop (3) can 
then be used to check the results. 
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EXECUTE: loop (1): +20.0 V - /, (2.00 ft)-14.0 V + ( /* - /,)( 4.00 Cl) - 0 

6.00/, -400/, = 6.00 A 

3 00/, -2.00 1 2 =3.(0 A cq.(l) 

loop \2): *36.0 V - 1 3 (5.00 Cl) -(J* - /,)(4.00 ft) = 0 

-400/, + 9.00A ^ 36.0 A cq.<2) 

Solving cq. 11 > for /, gives /, = 1.00 A + $i s 

Using this in cq.<2) gives -4.00(1.00 A 4/j )*9. 00/j - 36.0 A 

(-• + 9.00)^ - 400 A and I 1 ^6.32 A. 

Then /, -1.00 A +i/ 2 * 1.00 A + |{6.32 A) - 5.21 A. 

In summary then 

Current through the 2.tX> Cl resistor: /, - 5.21 A. 

Current through the 5.00 0 resistor: ! l -6.32 A. 

Current through the 4.00 Cl resistor. J : -1 - 6.32 A -5.21 A - 1.11 A. 

Evaluate: Use iocp (3> to check. +200 V - / (2.00 Cl) -140 V + 36.0 V-/^5.00 Cl) * 0 

(5.21 A)(2.00 ft) + (6.32 A >(5.X ft) ^ 42.0 V 

10.4 V + 31.6 V - 42.0 V, so the loop rule is satisfied for this loop. 

26.64. iDEVnn : Apply the loop and junction rules. 

SET UP: Use the currents as defined cm the circuit diagram in figure 26.64 and obtain three equations to solve tor 
the cuncnts. 

Execute: Left loop: 14-/,- 2</, - /.) ^0 and 3/, -2/j s 14. 

Topkicp: - 2< /-/,)+/% + /,- 0 and -2/+ 3/, +/* = 0. 

Bottom loop:-(/-/, + /*)t2(/,-/,)-/^0 and -/ + 3/, -4/ a ^0. 

Solving these equations for the currents we find: / - = 10.0 A; /, - l K - 6.0 A; I 3 - l K - 2.0 A. 

So the other currents arc: l^ =/-/,= 4.0 A; l k = 4 .0 A: /, -/-/,+/.= 60 A. 

EVALUATE: It isn’t possible to simplify the resistor ivtwork using th: rules for resistors in series and parallel. 

But the equivalent resistanre is still defined by V - IR^ a . 



Figure 26.64 

26.65. <a) IDENTIFY: Break the circuit between points a and /> means no current in the middle branch that contains the 

3.00 ft resistor and the 10.0 V battery. The circuit therefore lias a single current path, find the cunctu. so that 
potential drops across the resistors can he calculated. Calculate by traveling from<j to b. keeping track of the 
potential changes along the path taken. 
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SET Up: The circuit is sketched in Figure 26.65a. 



EXECUTE: Apply tlic loop rule to loop < I). 

+12.0 V-/(l.00 0 + 2.00 ft+ 2.00 ft+ 1.00 ft)-8.0 V-/(2.00ft + 1.00 n»-o 


12.0 V-8.0 V 


- 0.4444 A. 


9.00 ft 

To find start at posit b and travel to u. adding up the potential rise* and drop*. Travel on path (2> shown on 
the diagram. The 1.00 ft aiui 3 .00 ft resistor* in the middle branch have no current through them and hence no 
voltage soon them. Therefore V. -10.0 V -12.0 V -/ll.OO 12.1.0011 ■+ 2.00 Ol - V .; Ihu* 


V -V -2.0 V-(04441 A)(4 0012(- *0.22 V (point ,r i* at higher pntentull 


EVALUATE: As a check on this calculation we also compute by trav eling from h to a an path (3). 

v 0 - io.o v * s.o v + /(2.00 n+1 .oo o+2.co a) ^ r 


V+ ^ -2.00 V + (0.4444 A)(5.00 ft) ^ +0.22 V, which checks. 

<b> IDEXHFY and SET L'P: With points a and h connected by a wire there arc three current tranches, as shown in 
Figure 26.65b. 



The junction rule has been used to WTite the third current < in the 8.0 V battery I xn terms of the other currents. Apply 
the loop rule to loops 111 and ( 2 ) to obtain two equitions for the two unkmwn* / and /j. 

EXECUTE: Apply th: loop rule to Icop < 1). 

12.0 V-/,(1.00 !J)-/,(2.00 U)-A( 1.0011)-10.0 V-/,(3.C0 12)-/,(!.(HO II>- 0 
2.0 V - /.(4.00121 - / ; <4.00 !I) = 0 
(2.0012)/, -»|2.00 12)/ a * 1.0 V rq<ll 

Apply the loop ruk: to loop (2). 

-(/, - /, H 2.00 12) - (/, - /.)(1.00121 - K.O V - (/, - / s )(2 00 12 > + /, (3.0012) •. 10.0 V r /, (1.0012) ^ 0 
2.0 V-(5.0012)/ ( *(9.0012)/ J =0 cq.(2I 
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26.66. 


26.67. 


Solve eq.(l) foe I. and use this to repine /% in cq.{2). 

/j * 050 A - /, 

2.0 v - ( 5.00 n ) /, + (9.00 n » o.so a - /,)=o 
(14.0 12)/, = 6.50 V so /, = (6.50 V)/( 14.0 12} ^ 0.464 A 
/, = 0.500 A -0.464 A ^ 0.056 A. 

The current in the 12.0 V Kitten- is /, - 0.464 A. 

EVALUATE: We can apply the loop rule to loop (3> as a check. 

-f 12.0 V-/,(l.0012 + 2.0012 + l.X 12)-(/,-/> #2.00 O-t 1.CX1 12 + 2.CO 12)-8.0 V- 4.0 V-I.K6 V-2.14 V = 0. 
as it should. 

IDENTIFY: Simplify the resistor networks as much as passible using th: rule for series and parallel combinations 
of resistors. Then apply KirvhhofTs laws. 

SET UP: First do the scries parallel reduction. Tins gives the circuit in Figure 26.66. The rate at which the 
10.0 12 resistor gerwates thermal energy is /*-/*'/?. 

Execute: Apply KiichhofT* laws and solve for £ . AV M *0:-<20f2>(2 A)-5 V-(20C1)/, ^0. 

This gives / % ^ - 2.25 A Then /,+/,> 2 A gives /, * 2 A - (-2.25 A>* 4.25 A . 

&r^. -0(15 OK4.25 A>+ £ - (20 OX-2.25 A) - 0 . This gives £ * -109 V . Since £ is calculated to he 
negative, its polarity- should be reversed. 

<b> The parallel network that contains the 10.00 resistor in one branch h« an equivalent resistance of 10 O. The 
voltage across each branch of the parallel network is = R! - (I0OX2A) = 20 V . The cuncnt in the upper 

branch is / A. £/-£. so l : #/-£,where £-60.0 J. (f A) J <l0C2)f =• 60 J , and /-13.5s. 

EVALUATE: For the 10.0 O resistor. P - I*R - 4.44 W . The total rate at which cloctnca! erxrgy is inputed to 
the circuit in the emf is (5.0 VK2.0 A) * <10? V)(4.25 A) - 473 J . Only a small fraction of the energy is dissipated 
in the 10.0 0 resistor. 


200 



IDENTIFY: In Figure 26.67, posits a and c arc at the same potential and points d and h are at th: same potential, 
so we can calculate l' rf by calculating V tJ . We know the current through the resistor that is between points c and 
d. We thus can calculate the terminal voltage of the 24.0 V battery- without calculating the current through it. 

Ski Up: 


f x 00706 A 





Execute: V +1 (10.0 (2) + 12.0 V - V 


v -Vj =■ ii7 V; r -r; ^ r -y, ^ 12.7 v 

EVALUATE: The vohage across each parallel branch must he the sanK. The current through the 24.0 V battery 
nuul be (240 V-12.7 V)/{lO0 il)= 1.13 A in Ibe direction /> to a. 
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26.68. IDENTIFY: The current through the 40.0 fl resistor equals Ihc current through the emf. and the current through 
each of the other resistors is less than or equal to this current. So, set P^ = 1.00 W and use this to solve for the 
current / through tlx emf. If - 1.C0 W . then P for each of the other resistors is less than 1.00 \V. 

SET IJP: Use the equivalent resistance for series and parallel combinations to simplity the circuit. 

EXECUTE: I R-P gives / 5 (40Q) = IW . and / - 0.15S A . Now use series parallel reduction to simplify the 
circuit. The upper parallel branch is 6.3RO and the lower one is 25 fl. The series sum is now 126 O . Ohm's law 
gives £ = (126QUO. 15S A)»I9.9 V. 

EVALUATE: The power input from the emf is PI - 3.14 W . so nearly ocx*third of the total power is dissipated in 
the 40.0 0 resistor. 

26.69. IDENTIFY and SET UP: Simplify the circuit by replacing the pirallcl networks of resistor* by their equivalents. In 
this simplified circuit apply the loop and junction rules to find the current in each branch. 

EXECUTE: The 20.0*0 and 30.0*0 resistors are in parallel an:! hive equivalent resistance 12.0 O. The two 
resistors R arc in parallel and have equivalent resistance R>2. The circuit is equivalent to the circuit sketched in 
Figure 26.69. 



(a) Calculate by traveling along the branch thit contains the 20.0 V battery, siixc we know the cunent in that 
branch. 

\\ - (5.CO A H12.(10) -(5.00 A)( 18.0 O) - 20.0 V = K 
V m - y = 20.0 V + 90.0 V ♦ 60 0 V = 170.0 V 

K-v* m K* v 

X - =170.0 V so X = 186.0 V, with the upper terminal * 

<b> /, = (16.0 V)/(&011) = 2.001 A 


26.70. 


The Junction rule applied to point a gives I 3 -f /, = 5.00 A. so f 3 = 3.00 A. The current through the 200.0 V buttery 
is in tlx direction from tlx - to the ♦ terminal, as shown in the diagram. 

<c> 200.0 V - / 5 1 R/2) = 170.0 V 
(3.00 A |<Rf 2) = 30.0 Vso R = 20.0 (2 

EVALUATE: We can check the loop rule by going clockwise around the outer circuit loop. This gives 
■t20.0 V *(5.00 A)(18.0O-f 12.0 (2)r(3.00 A)(100 tt)- 200.0 V - 20.0 V + 150.0 V + 30.0 V-200.0 V, 


which does equal zero. 

V 3 

Identify: P. a - — 


SET Up: Let R be the resistance of each resistor. 


V 3 

EXECUTE: When the resistors are in series, R ^ _ 3 R and /J - _. When the resistors arc in parallel. R ^ _ R 


.’3 . 


V 3 V 

P. =-3— -9P -9(27 W)- 243 W. 

p Ri 3 R 

EVALUATE: In parallel, the voltage across each resistor is the full applied voltage V. In series, the voltage across 
each resistor is V V3and each resistor dissipates less power. 
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26.71. IDENTIFY anil SET UK For part (aI live that the full cmf is across each resistor. In part (b). calculate tlic power 
dissipated by the equivalent resistance, and in this expression express ft and ft. in terms of /J. P. and £. 
Execute: P, m£‘/r, *oR, -£'IP, 

P ,10 

(a) When tlic resistors are connected xn parallel to the emt*. the voltage across each resistor is £ and the power 
dissipated by each resistor is the same as if only the one resistor were connected. /* k4 - P + ft 
<b> When the resistors are connected in series the equivalent resistance is R ^ - ft -t ft. 

€ ! £ : PP 


l . 


n - A!. ~^ip., np. p-r 


i 


EVALUATE: I he result m part (b) can be wntten as -- —. Our results arc that tor parallel the powers add 

Pi 

and that for scries the reciprocals of the power add. This is opposite the result for combining resistance. Since 
P - £ 2 ?R tells us that P is proportional to I.'/?, this makes sense. 

26.72. IDENTIFY and SET Up: Just after the switch is closed tlic charge on the capacitor is zero, the voltage across the 
capacitor is zero and tlx capacitor can be replaced by a wire in analyzing, the circuit. After a long time the current 
to tlic capacitor is zero, so the current through R, is zero. After a long tinx th: capacitor can he replaced by a break 
in the circuit. 

EXECUTE: (a) Ignoring the capacitor for the monxnt. the equivalent resistance of the two parallel resistors is 

;/? - 2.000 . In the absence of the capacitor, the total current in the circuit (the 


ft, 6.00 0 3.00 il 6.000 
current through the K.OO O resistor) would h: /- 


42.0 V 


- 4.20 A . of which 2/3, or 2.80 A. would 


R S.OCI fit 2.00 0 

go through the 3.00 O resistor and 1/3. or 1.40 A. would go through the 6.000 resistor. Since tlic current 
through the capicitor is given by / - — r 1 . at the instant / - 0 the circuit behaves as through the capacitor were 
not present, jo the currents through the various resistors are as calculated above. 

<bl Once the capacitor is fully charged, no cunent flows through that part of the circuit. The S.tXl O and the 
6 .00O resistors are now in wncs. and the current through them is i - £/R = (42.0 V)/(8.00 O •* 6.00O) - 3.00 A. 
The voltage drop across both the 6.00 £T resistor and tlic capacitor is thus V -iR- (3.00 A K6.CO ft) - 18.0 V. 
(There is no current through the 3.0012 resistor and so no voltage drop across it. I The charge on the capacitor is 
0 = CT = (4.00x10^ FI(l8.0V) = 7.2x|0 < C. 

EVALUATE: The equivalent resistance of ft and R t in parallel is less than ft. so initially tlx current through 
ft is larger than its value after a long tinx has elapsed. 

26.73. (a) IDENTIFY and SET UP: The circuit is sketched in Figure 26.73a. 

V - 36.0 V 



3.1X1 ft 


With the switch ojxn there is no 
cunent through it and there are 
only the two currents /, and ft 
indicated sn the sketch. 


MM! ft 


Figure 26.73a 

Tlx potential drop across each parallel branch is 36.0 V. Use this fact to calculate / and ft. Then travel from 
poont a to point b and keep track of the potentul rxscs and drops in order to calculate V . 
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Execute: -/<6.qo 12♦3.<io n)+36.0 v - o 
36.0 V 


-4.00 A 


' 6.0012 + 3.0012 
-/j(3.00 12 + 6.00 12) + 36.0 V - 0 
36.0 V 


- 4. 


3.00 Li + 6.00 £2 

To calculate 1^ - K - start at paint b and travel to point a. adding up all the potential rwe* and drop* alone the 
way. We can do this by going from h up through the 3.1X112 resistor: 

K + /.(3.00 lit - / <6.00 12) - f' 


V m - <4.00 A 1(3.00121-14.00 AX6.00 12) - 12.0 V - 24.0 V - -12.0 V 
V+ - -12.0 V (point a is 12.0 V lower in potential than pomt b) 

EVALUATE: Alternatively, we can go From point h down through the 6.00 12 resisted. 
\\ - / 2 (6.00 12 \ + /,(3.0O 12) - V m 


r - f; ^ -<4.00 AX6.0O 12) * (4.CXI A M 3.0012) - -24.0 V + 12.0 V - -12.0 V. which checks. 

<b> lDF.vnn : Now' there are multiple current paths. as shown in Figure 26.73b. Use junction rule to write the 
current in each branch in terms of three unknown currents Z, /;. and />. Apply tlie loop rule Id three kiops to get 
three equations for the three unknowns. The target variable is the current through the switch. R it calculated 
from V - //?^, where / is the total current that passes through the network. 

Set Up: 



The three unkrxiwn currents and /> 
arc libeled <m Figure 26.73b. 


EXECUTE: Apply tlx l«ip rule to loips (1 k (2( and (3). 
hxip < 1): -/,<6.00 12) r / i <3.00 12) t- 7/3.00 12} ^ 0 
W cq.(l) 

lixip <2): -(/, . /,*3.00 »(/, - /, *<..00 ill - A(3.00 ill - 0 

6/, -12/, - 3/, - 0 m) 2/. - 4/, - - 0 


Use cql 1) to replace Z: 

4/ 1 -2/,-4/,-/ | .0 

3/. * 6/, and /, = 2/, cq.(2) 

hxip <3i |This loop is completed through tlx battery (not shown), in the direction from the - to the + terminal.): 

-/,<6.0012)-<Z + /, )3.CO 12) r 36.0 V - 0 

9/, + 3/, - 36.0 A and 3/, + /> = 12.0 A cq.t 3) 

Use cq.l2) in cq.<3> to replace 
3(2/,) + /, -12.0 A 
A «12.0 A/7-1.71 A 
/, = 2/, - 3.42 A 

/ 2 -2/, - /, *2(3.42 A)-1.71 A -5.13 A 
The current through the switch is I, - 1.71 A. 
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26.74. 


26.75. 


26.76. 


(c) From ibc results xn part <a» the current through the batten* is /-/,-* A - 3.42 A + 5.13 A - 8.55 A. The 
equivalent circuit is a single resistor that produces the same current through the 36.0 V batten*, as shown xn 
Figure 26.73c. 



-;/?r36.0 V=0 
36.0 V 36.0 V 


5.55 A 


4.21 ft 


EVALUATE: With the switch open l put a). pnint b is at higher potential than point a. so when the switch is closed 
the current flows in th: direction from h to a. W ith the switch closed the circuit cannot be simplified using senes 
and parallel combinations but there is still an equivalent resistaixc that represents the tvtwork. 

IDENTIFY: With .V opm and after equilibrium lias been rc&rhctL no current flows and the voltage across each 
capacitor is 18.0 V. Whm S is closed cunent / flows through the 6.00 ft and 3.1X1 ft resistors. 

SET UP: With the switch closed, a and b an: at the same potential and the voltage across the 6.00 ft resistor 
equals the voltage across the 6.00 fiY capacitor and the voltage is the san>: across the 3.00 fjY c^iacitor and 
3.00 ft resistor. 

EXECUTE: (a) With an open sw itch: * € * 18.0 V . 

<b| Point a is at a higher potential since it is directly connected to the positive terminal of the batten*. 

(c) When the switch is closed 1S.0 V - /|6.00ft + 3.00ft). / - 2.00 A and V % =(2.00 A)<3.00ft) = 6.00 V. 

<d> Initially th: capacitor's charges were O. = CV =(3.00 x ItT* F)(l8.0 V) = 5.40x1 0 s C and 
a-cr- <6.00-10" FK18.0VI-1.0K. 10 * C. AfterIhenwitch»closed 
ft = C»' = (3.00x10* FH18.0 V-12.0 VI-ISOxlO ' C and 

a -Cf" -(6.00* 10" FKIS.O V-6.0 V)= 7.20x10"* C. B«h capacitor* line 3.60* 10'C. 

EV ALUATE: The voltage across each capacitor decreases w hen the switch is closed, because there is then current 
through each resistor and therefore a potential drop across each resisted. 

IDENTIFY: The current through the galvanometer for full-scale deflection is 0.021X1 A. For each connection, there 
arc two parallel branches and the voltage across each is the same. 

SET IJP: The sum of the two currents in th: parallel brandies for each connection equals the current into the 
meter for that connection. 

EXECUTE: From the circuit we can derive three equations: 

<i)(tf, +R -*/?, *0.100 A-0.0200 A} = (4S.0ftK0.020O A) and 4+ /?>♦*, =12.00. 

(it) (4 00A-0.0200A)a<48.0 ft + 4X0X1200 A) and ft + ft. - 0.0204ft =-0.9S0ft 

(iii) ft (10.0 A - 0.0200 A) = <48.0 ft + ft -f ft *0.0200 A) and R x - 0.002/*. - 0.002/?, - 0.0% ft 


From (i) and (ii), ft ^ 10.8 ft. From Iii) are! (iii), ft = 1.08 ft Therefore, R t - 0 12 ft 

EVALUATE: For the 0.100 A setting the circuit consists of 48.0 ft and ft -t ft + ft = 12.0 ft in parallel and the 
equivalent rcsistaixc of the meter is 9.6 ft - For each of the other two settings the equivaknt resistance of the 
meter is less than 9.6 ft . 

IDENTIFY: In ca:h ease the sum of the voltage drops across the resistors in the circuit must equal the full*scale 
voltage reading.. The resistors are in scries so the total resistance is the sum of the resistances in the circuit. 

SET UP: For each range setting the circuit has the form shown in Figure 26.76. 


L - IXDroA 



Figure 26.76 


Execute: 3.oo v 

l or V - 3.00 V, R - ft and the total meter resistance ft # is ft = ft. + ft. 

y-rjL M>-—-——.;3.oo»io‘n. 

1.00*10 A 

+ R, «>/?,=«. - k,. - 3.oo* io‘ n - 40.o n=i960 n 
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1S.0 V 

Far V - 15.0 V. R-R t + R. and the total meter resistance is /?.. - R u + ft t- 

»' = /,/? «>/e =—~——-—-1.50*10'n. 

" • • / t 1.00x10 ' A 

r, = =i.5o*io' n-40.0 n- 2%0 n=i.’o*io'n 

150 V 

For F - 150 V, /?-/£, + /? : . ♦ rt* and the total roclcr resistance ts /?.. -«t«t rt* t- /?,. 

*' = /.#?_ so/? =--—■--1.50x10* n. 

/ fc 1.00x10 1 A 

rt, a- R u -/?,-/?,=!.50x 10 s 12-40.0n- 2960f2-IJOx 10 4 ft = 1.35x 10* 12. 

EVALUATE: The greater the total resistance in series inside the meter the greater the potential difference between 
the two connections to the nxter when the sanx 1.00 mA current flows through it. 

26.77. IDENTIFY: Connecting the voltmeter between point h and ground gives a resistor network and we can solve for 
tlx current through each resistor. The voltmeter reading equals the potential drop across the 200 k!2 resistor. 

SET UP: For resistors in parallel. —-— - — . For resistors in series, R - R [ t- R.,. 

R H *• R i 


Execute: (a) /? -iook!2 


HI kil Ml kii 


140 kil Tlx total current is / - 1 * 2.86 v 10 ‘ A . 


Tlx voltage arrow the 200 k!2 resistor is K_ 1U - /R - (2.86x10 * A 




114.4 V. 


200 k!2 50 kit 

<b> If V k - 5.00 x 10* n. then we carry out the same calculations as above to find /?, - 292 k!2 . 

/ -1.37 x 10' 1 A and K** = 263 V. 

<c> If y M -v 5 , then wc find R^ -- 30) k!2. / = 1.33 x 10 ' A and » 266 V. 

EVALUATE: When a voltmeter of finite resistance is connected to a circuit, current flows through tlx voltmeter 
and the prcsetxc of the vohmeter alters th: currents and voltages in the original circuit The effect of the voltmeter 
on the circuit decreases as the resistance of the voltmeter increases. 

26.78. IDENTIFY: The circuit consists of two resistors in senes with 110 V applied across the senes combination. 

SET UP: The circuit resistance is 30 k!2 -f R . The voltmeter reading of 68 V* is the potential across the voltnxtcr 
terminals, equal to /(30 k!2). 

110 V 

Execute: / - -- /(30 k!2) ^ 68 V gives (68 VK30 k!2 ♦ /?)-<! 10 V)30 k12 and R -18.5ML . 

(30 k!2 -f R ) 

EVALUATE: This is a nxthod for measunng large resistances. 

26.79. IDENTIFY and SET UP: Zero cunent through th: gal vanouxtcr means the current /, through V is also the current 
through .1/ and the cunent /, through P is th: same as th: current through X. And it means that paints b and c arc at 
tlx same potential, so S t X - I % P . 

£ £ 


EXECUTE: (a) Th: voltage between points a and d is c . so / 


and /, --. I.sine these 

V 13/ P tX 


expression* In /V = I.P give* — -.V- - ' - /' N(P + .V>-flV.I/). NX = PM u id X-MP'N. 

*V + .1/ P+ A 

<b) X= — = <S5 ° ° 0,13 ,41 n> , 1197 tl 
iV 15.00 n 

EVALUATE: The mcasurcnxnt of A'docs not require that we lesion* the v alue of the emf. 

26.80. IDENTIFY: Add resistors xn series and parallel with the second galvanometer, so that the equivalent resistance is 
65.0 12 and so that far a current of 1.50 mA into th: dev ice the current through the &ilv*anomctcr is 3.60 //A . 
SET UP: In order for the second galvanometer to give the same full-scale deflection and to have the same 
resistance as the first, we need two additxmal resistances as shown in Figure 26.80. 

EXECUTE: For 3.60 fj\ through R the cunent through R is 14% mA . R and R { arc in parallel so have equal 
voltages: (3.6 iiAH38.0 12) ■ (1.496 mA)/?, and R - 91.4 m!2 . And for the total resistance to be 65.0 12: 


65.0- 


38.012 0.091412 


and R ^ 64.912 . 
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26.81. 


EVALUATE: Adding /?, in parallel lowers the equivalent resistance so R. must he added in senes to raise the 
equivalent resistanre ti> 65.0 ft 


— ^ — 

R - 38011 

/ - 3.6/1 A 


R; 

/= 1 5 Hl\ 


Figure 26.80 

I NOTIFY and SET UP: Without the meter, the circuit consists of the two resistors in series. When the meter is 
connected, its resistance is added to the circuit in parallel with the resistor it is connected across 
(a) Execute: / - - / % 

90.0 V 90.0 V 


f- 


-0.1107 A 


Ri+Ri 2 24 ft ^589 ft 

»;-/,« - (0-1107 A 1(224 ill - 24.S V; V t » I.R, - (0.1107 A)(589 Cl) » 65.2 V 
(b) SET IP: The resistor ivtwork is sketched in Figure 26.81a. 



?\*V 




The voltmeter reads the potential 
difference across its terminals, 
which is 23.8 V. If w e con find 
the current /, through the 
voltmeter then we can use Ohm's 
law to find its resistance. 


*- WO V-» 

Figure 26.81c 

Execute: The voltage drop across the 589 fl resistor is 90.0 V - 23.8 V = 66.2 V. so 

V 66.2 V V 2331V 

/-- 0.1124 A. The voltage drop across the 224 ft resislor is 23.8 V. so /- 

R 589 ft ~ ' R 2 24 ft 

V 23.8 V 

Then /-/. + / gives/ -/-A - 0.1124 A-0.1062 A-0.0062 A. R -- 3840 ft 

1 * 8 • /, 0.0062 A 

(cl Set IP: The circuit with the voltmeter connected is skctelxd m Figure 26.81 b. 

f| * V -3M0J1 


0.1062 A 




224 D 


--<Xl0 V_* 

Figure 26.81 b 

EXECUTE: Replace the two resistors in parallel by their equivalent, as shown in Figure 26.81c. 
/ 22411 _ ___• • 


90.0V 


R^ 3840 ft 589 ft 

(3M0 n H5» 90 ) - 5|Q7n 
3840 ft * 589 ft 


90.0 V 


Figure 26.81c 

-0.1225 A 


224 ft *510.7 ft 

The potential drop across the 224 ft resistor then is JR = (0.1225 A >(224 ft) - 27.4 V. so the potential drop 
across the 589 ft resistor and across th: voltmeter t what the voltmeter reads) is 90.0 V - 27.4 V - 62.6 V. 
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26.82. 


26.83. 


26.84. 


26.85. 


26.86. 


(d) EVALUATE: No. any real voltmeter will draw some cutTcnt and thereby reduce the current through the 
resistance whose voltage is being treasured Thus the presence of the voltmeter connected in parallel with the 
resistance lowers the voltage drop across that resistance. The resistance of the v oltmeter is only about a factor of 
ten larger than the resistances in the circuit, so the voltmeter has a noticeable effect on tfo: circuit. 
iDEVnFY: Just after the connection is maJc. q - 0 and the voltage across the cap&rilor is zero. After a king lure i - 0. 
SET UP: The rate at which the resistor dissipates elcctncal energy is I\ - tR . where V is the voltage across 
the resisted. The energy sicced in the capocitcc is q 2 .'2C . The power output of the source is P - £i . 

ttEOITK <0 P, - — - i 3JKO W . <u)/> c -^- 1 

' K 4.2612 r dt 2 C di C 

(iii) ^=£/=Q20V) I20 --=3380W. 

4.26X2 

(hi After a long time, i - 0 . so /*, - 0. /J = 0. P - 0. 

EVALUATE: Initially all the power output of the source is dissipated in the resistor. After a long lure energy is 
stored in the capacitor but the amount stored isn’t changing. 

IDENTIFY: Apply the loop rule to the circuit. The initial current determines R. We can then use the lure constant 
to calculate C 

SET Up: The circuit is sketched in figure 26.83. 

£ m 110 V 



f / - 6.5 X ID' 5 A 


Initially, the charge of the 
capacitor is zero, so by 
v—q C th: voltage across 
the capacitor is zero. 


£ 110 V 

EXECUTE: The loop rule therefore gives €-iR- 0 and R - 

6 I 6.5 -10 A 


-1.7x10* II 


The time constant is given bv r - RC (lio.26 14>. so C*- — 


L2l 


^ 3.6 /if. 


R 1.7*10" f2 

EVALL ATE: The resistance is large so the initial current is small and the time constant is large. 

IDENTIFY: The energy stored in a capacitor is IS - q‘t2C. The ekxtrical power dissipated m the resistor is P - i'R. 


SET Up: For a discharging capacitor, i - -—- 

RC 

Execute: (a) 10 


-- 


2C 2(4.62x10 F) 


7.10 J. 


Ibl *- 


y 


(0.0()S1C) J 




(cl When V - it' - 11L 
2 1 2 2C 


(850121(4.62x10 * 1 r 


(616 W 


a 

7 * 


. Q - ~ This give* P - 




K.K \V 


RC! 2\RCf 2 ■ 

EV ALUATE: All the energy originally stored in the ca|Mcitor is dissipated as current flow through the resisted. 
IDENTIFY: q-Qs '■'* . The time constant is r - RC . 

Set Up: The charge of one electron has magnitude c - 1.60x 10 v C. 

EXECUTE: (a) We will say that a capacitor is discharged if its charge is less than that of one electron. The time this 
lake* Is then given by q - Gf"*. si i- Wln(ftV>-(6.7xl0' 12x9.2x10 : Filn(7.0x 10 * C.l.6x 10 * C>- 19.J6.V 
or 31.4 lure constants. 

EVALUATE: (bl As shown in part |a). / - rln({J, jq) and so the nuntoer of lure constants required to discharge 
the capacitor « indrpendent of R and C. and depends only on the initial charge. 

IDENTIFY: The energy changes exponentially, hut it does not ctoey exactly the same equation as the charge «ncc 
it is prc^ioitional to the .si/uiT/r of the charge. 

(a) SET Up: Foi charging, V -&‘2C - ((*, e <M (:2C - U, e** c . 

EXECUTE: To reduce the energy to 1 >e of its initial value: 






r - RC'2 




Direct-Current Circuit* 26-33 


26.87. 


26.88. 


26.89. 


(b> SET IJp: For discharging. V - (/>2C-10<1 -e 1/«*<1 c** c f 
Execute: To reach I >e of the maximum eixrgy. UnJe - (1 c cM )* and / - -J?Cln| 1 - 


Evaluate: The time to reach I ie of the maximum energy is not the san>: a* the time to discharge to 1 fe of the 
maximum energy. 

IDENTIFY and SET UP: For parts (a) and (b) evaluate the integrals a* specified in the problem. The current as a 
fu tuition of time is given by I:q.(26.l3) f - — v Al . Th: energy stored in the capacity is given by Q' •' 2 C. 

r 

Execute: (a) P = €i 

The total energy implied by Ihr battety i* J Pdi-j Sidl e~"“di =[€ ! !R )[-J?Gr'‘“ ]| - C£ ! . 

d»> P-i J « 

The total energy dissipated xn the resistor is 

j ; Pdt - j;- (S 1 //?) j; (C*/*)[-</?C/2)^ H ]• - IC£\ 

(cl The final charge on tlx- capacitor k O - C£ . The energy stored is U - Q* '( 2C)^ ±C£\ Th: final energy stored 
in the capacitor | ±C £ m ) - total energy supplied by the batten* (C£* |- energy dissipated in the resistor [?C £~) 

(d) EVALUATE: 1 of the energy supplxd by the buttery i* stored xn the oparilcv. Thr* frait ion is independent of R. 
The other T of the energy supplied by the battery is dissipated in the resistor. When R is small the current initially 
is large but dies away quickly. When R is large the current initially is small but lasts longer. 

IDENTIFY: £ - J Pdt . The energy stored in a capacitor is V - q 1 f 2 C . 


SETUP: ia--SLr‘ w 
RC 

Execute: i - ■** eivei r-t'R- and i: - 


RC 

q. -v* . - i- Jd_r«. 'Ji. i 

... ... RC- ,a RC 2 2C 

EVALUATE: Increasing the energy stored in the capacitor increases current through th: resistor as the capacitor 
discharges. 

Identify and Set Up: 

Execute: (*) Using Kirchhoff s Rules on the circuit we find: 

Let! loop 92 -140/, - 210/* -f 55-Ora 147 - NO/, -210/* = 0. 

Right loop: 57-35/, - 210/* + 55^ Ora 112 - 210/* - 35/, - 0 
Junctxin rule: /,-/* + /*,-0. 

Solving for the three currents we hare: /, - 0.300 A. /* - 0.500 A. /, = 0.2CO A. 

(bl Leaving only th: 92-V buttery in the circuit: 

Left loop. 92 -140/, - 210/* - 0 Right loop: -35/, - 210/* » 0. 

Junction rule: /, - /* + /•, =0. Solving for the three currents: 

/, = 0.541 A. /* = 0.077 A, /, ^ -0.464 A. 

(cl Leaving, only the 57-V battery in the circuit: 

Left loop: 140/, + 210/* a 0. Right loop: 57-35/, - 210/* =0. 

Junctxin rule: /, - / i + /j =0. Solving for the three currents: 

/, = -0.287 A. /* = 0.192 A, /, - 0.480 A. 

(d> Leaving only th: 55*V buttery in the circuit: 

Left loop: 55-140/,-210/* =0. Right loop: 55-35/,-210/* = 0. 

Junctxm rule: /, - /* ♦ /, «= 0. Solving for the three currents: 

/, 0.046 A. /* = 0.231 A, /, = 0.185 A. 

(cl If wc sum the currents from the previous three parts vre find: 

/. ^ 0.300 A. /* = 0.500 A, /, = 0.200 A. iurt as in part (a). 
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<f > ( lunging i\k 57-V battery tor an 80*V batten* just affects tb: calculation in part (c). It change* to: Left loop: 
140/, + 210/, =0. Right loop 80-35/* - 210/, =0. 

JuiKlxm rule: /, - l 3 ♦ = 0. Solving for the three currents: 

/, = -0.403 A, /* = 0.269 /V /> = 0.672 A. 

The total current for the full circuit i* the sum of |bk (d| and (f ) above: 

/, = 0.184 A. /, -0.576 A, /> = 0.392A. 

EVALUATE: This problem presents an alternative means of solving for currents in multiloop circuits. 

26.90. iDSVntY and SET UP When C changes after the capacitor is chirgcd. the voltage across the capacitor changes. 
Current flows through the resistor until the voltage across the capacitor agiin equal* the cmf. 

Execute: (a) Fully charged: 0 = CT =(1(10.10 '* FMIOOO V) = l.00x 10"* C. 


(b> The initial current just alter the capacitor is charged is -—--—-. This gives rtO 

R R 




i-JLl 

R RC f 


V* 


p ^^-F, iTll «nys 


where C ■ I.1C- 

<c> We need a resi»£ancc such that the current will be greater than 1 fiA for kmger than 200 //*. This requires that 

al l “200 in . r = 1,0.10"* A * —J 1000 V — - ' ' ’ — — 

1.1(1.0.10 " F) 

1 .0.10 * A =-L(90.9*' < 'and I8.JK-Klnff-I.S.IO' =0. Solving f« R numerically wc find 
R 

7.is.io‘ns *s7.oi«io' a 

EVALL ATE: If the resistance is too small* then the capacitor dneharget too quickly* and if the resistance is too 
large* the current is not large enough 

26.91. iDF.vnFY: Conwder one segment of the network attached to the rest of the network. 

SKT UP: We can re-draw the circuit as show n in Figure 26.91. 

Execute: R, = 2K ( -.|—I = . R.'-2R I R. -2R I R.^0. R. -R t ± Jfl, 1 ilRfi.. R, >0. 

_ R <) R . tK i ' 

to R, -R r y lR’+2R l R. . 

EVALUATE: Even though there are an infinite number of resistor*, the equivalent resistance of the network is finite 




K> 


► 




Figure 26.91 


26.92. iDFVnn’: Assume a voltage I'applied between points a and b and consider the currents that flow along each 
path between a are! b. 

SET UP The currents arc shown in Figure 26.92. 

EXECUTE: Let current / enter at a aixl exit at b At a there are three equivalent branches, so current is If 3 xn each. 
At the next junction paint there are two equivalent hraixbcs m: ea:h gcLs current /’6. Then at /> there arc three 
equivalent branches with current //3 in cadv Th: voltauc dren from a to b then is 


V * R-ilR. niumiBlbc 


the sunc it V - IR . .to R = ~R. 


EVALUATE: The equivalent resislance is less than R. even though there arc 12 resistors in tb: network. 

/n 



Figure 26.92 
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26.93. 


IDENTIFY: The network is the same as the one in Challenge PrubVrm 26.91. and that problem shows that the 
equivalent resixtarxe of the network is R, - ^R‘ + 2 R t R : . 

SET L'P: The circuit can tv redrawn as shown in Fieure 26.93. 


F.XKTTE: (a) I - V 


2K, R -f 1 


* ’ * 


R.K 


>' . = I 


Ib> V -_f5 




o 'pt (i + A> <!»«' u+pr 

If H - R .. Ihcn K. - ff, -t - /^ll. v 1 !! and // - ~ ' - 2.73. So. for the »nh segment to have 1% 

1 + v3 

of the original voltage, we need: -!-!-i 0.01 . This says n-4. and then V - 0.0051* . 

<1 r//r (I + 2.73)* ; 4 

it) Rj - R + yjR, 2 + 2R R. gives R r - 64(» ft+ ^(64000)* + 2(6400 ft XS.Ox 10* ft) ^ 3.2x Iff* ft and 

2(6400 ftM3.2x 10" 0 + 8.0x10*ft) . 

/• - 4.0x10 . 

(3.2x10* 0X8Ox 10*ft> 

<d> Along a leneth of 2.0 mm of axon, there are 2000 segments each 1.0 irm long. The voltage therefore 


attenuates by l\., 


V. V 

7*r*° 


- 3.4* 10 A . 


<1 +P)*~ V* (I + 4.0x10 ) 

(e» If ff, -3.J»l<y* ti . Ihcn A =2.1x10' n and /» = 63xlO'. Om gives 




I* (1 + 6 . 2 x 10 r 

EVALI'ATE: As R : increases, fl decreases and the potential dilYcrcncc decrease from ooc section to the next is 
less. 

•-WV- 


* "*?* 

f 


\*l *1 < 

h 

d 


R 


Figure 26.93 
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27.1. Identify and SET Up: Apply Eq.(27.2) la calculate F. U*c Ibe cro» product* of unit vccton tan Section 1.10 
EXECUTE: r -(•4.19x10' mb)/+ (-3.85x10* mb}/ 

(■) B-0.4OTW 

F^qi-F = (-1.24x10 * C)<l.40T|i {4.19x10* nvs)i x#-(3.S5x 10* mx|yx#J 
#x/ * 0 ,/x /~-ic 

F- (-1.24x10 ‘ C|(I.40T|{-3.85x10' nv*)(-*)-(-6.68x10* N)* 

EVALUATE: The direction* of »• and B arc shown «n figure 27.1a. 

y 

& Tlx right-hand rule gives that px B is directed 

-* out of the paper {♦ 2-direction y Tlx charge is 

negative so F is opposite to vy B: 

figure 27. 1 a 

F is in the -r- direction. This agrees with the direct ion calculated w ith unit vectors. 

(b) Execute: j*-(i.40T)* 

F - qvx B =( — 1.24x10 ' C|0.40 T|- (-.4.19x10* m'»)ix*-(3*5x10* mb)/x*J 

/.i «-/./«*-/ 

F -(-7.27x10* N)(-/jt(6.6SxlO* N)/=[(6.68-10* N)/-. (7.27x10 ' N)/] 

Evaluate: The directions of »• and B are shown m future 27.1b. 


The direction of F is opposite to v x B since 
q is negative. The direction of F computed 
from the right-hanJ rule agrees qualitatively 
with the direction calculated with unit vectors. 


rxB 

It* niM-Smlfrin 

Figure 27.1 h 


27.2. IDENTIFY: The net force must K: zero, so the magnetic and gravity face* must be equal in magnitude and 
opposite in diro^ion. 

SET L’P: The gravity face is downward so the force horn the magnetic field must be upward. The charge's 
velocity anJ the faces are shown in figure 27.2. Since the charge is negative, tlx rmgnctic force is opposite to the 
right-hind rule direction. The minimum inagrxlic field is when the field is perpendicular to »•. Tlx force is also 
perpendicular to B . so B is cither eastward or wcsiwanl. 

EXECUTE: If B is eastward, the right-hand rule dircetioi is into the page and F\ r* out of the page, as required. 

Therefore. B is eastward. mg - Uitfsinp # - 90 : and B - -3- - - { ° 1 — ^*9.80 m * > -1.91 T . 

Pl vb (4.00x10 m'*K2.50xl0 C) 


27-1 
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27.X 


27.4. 


27.5. 


27.6. 


Evaluate: The magnetic field could also have a component along the north-south direction, that would not 
contribute to tfo: force, but then the fWld wouldn’t have minimum magnitude 



A' 




Figure 27.2 


Idl\ 11L A : The force F on th: particle is in th: direction of the deflection of the (xirticlc. Apply the right‘hood 
rule to the directions of » and B . See if your thumb is in the direction of F . or opposite to that direction. Use 
/’ -|«,|»tfsinp with ^-90° to calculate F. 

SET UP: The directions of t*. B and F arc shown in Figure 27.3. 

Execute: (a) When you apply the right-hand rule to V and B , your thumb points east. F is in this direction, 
so the charge is positive. 

(b) /’-|»/|v/?sinf>-(H.50xl0* 0(4.75*10' nvsXl.25 Tlsm90°^ 0.0505 N 

Evaluate: If the particle hid creative charge and v and B are unchanged, the particle would be deflected 
toward the west. 



s 


Figure 27J 

iDl.vim: Apply Newton's second law. with the force being the magnetic force. 
Set Up: >x/--* 

Execute: F - ma - qv x B gives a - ——— and 


_ (1.22x10 4 CK3.0xl0 4 m s( 1.63 T )(jxi) 
I.8U10 * kit 


--(0.330 m s* yA 


Evaluate: The acceleration is in tie -redirection and is perpendicular to both rand B 
IDENTIFY: Apply /’ - |i/|v£sin and solve for v. 

SET UP: An electron has q = -1.60 x 10 v C . 


.. r 4.60x10 15 N , 

Execute: v ---9.49x Itf m/s 

\g\Bnnv (1.6x10 ** C«3.5xlO T)sin6<r 

Evaluate: Only the coirpoocnt /fund of the rmgnetic field perpendicular to the velocity cc«i tributes to the 
force. 

lDF.NIltY: Apply Newton’s second law and F - |/|r//sind . 

SET UP: ^ is the ancle between the direction of r and the dircctxm of B 
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27.7. 


27.8. 


27.9. 


EJcECVIE: (a) The smallest possible acceleration is zero, when the motion is parallel to the magnetic field. Th: 
greatest acceleration is when the velocity and magnetic field are at right angles: 

t _ yB <l.6x 10 11 C)|2.50< 10‘nii'*K?-4.10 ~ T> _ , , c _ 
m 19.11x10 ‘ kg) 

|b) If a -*(3.25x10" mfr 1 )- then *in|>-0.25and «* - 14.5°. 

m 

Evaluate: The force and acceleration decrease as th: angle # approach^* zero. 

IDENTIFY: Apply F - //t x ft 

Sri IP: y~v,j, with v, =-3.80xl0 l m/*. F\ - r 7.60 x I0 1 N. F, -0. and f - -5.20 x 10° N . 

Execute: <a> F\ = qiy.B. - v.fl.) = q\ B 

fl -F./fr,-(7.60x10* N)/fl7.80xl0‘*CM _ 3.80x 10'm'*)]- -0.256 T 

f - qU\B t - ) - 0. which is ccmsistent with F as given in the problem. There is re» fccce compotent along 

the direction of the velocity. 

F. - ?l». B, - v,B.) — qr, B.. B,= - F/qv, = - 0.175 T . 

|b| H is not determined. No force doe to this compone nt of B along t; measurement of the force tells us nothing 
about B . 

(c) B F - B'F t + B t F, + BF' a (-4)175 TX* 7.60x10 1 N) + (-0.256 TX-5.20x 10 1 N> 

B F - 0. B and F are perpendicular (angle is 90°). 

EVALUATE: The force is perpendicular to both v and B * so v F is also zero. 

IDENTIFY and Set Up: F-qvx B - qB[v t (i x k) + v t (jxk )♦ v J (k xi» - qB t |v.(- j) -t v f (i)]. 

EXECUTE: (a) Set the expression for F equal to the given value of F to obtain: 

F. <7.40 x I0' r N) 


, -( -5.60x 10 v CM -I.25T; 

-<3.4Qx 10 N) 
’"<-5.60x10 * C)(-1.25T1 


-106 m/s 


-48.6 m/s. 


(b) v. dixs rxit contribute to the force, so is not &termined by a measurenxnt of F . 

|C> r • F- V/. vF, r v.F. mJj-F.+ILf, -0: 90”. 

Evaluate: The force is perpendicular to both v and B % so B F is also zero. 

Idf.nUFY: Apply / = qv * B to the force on the proton and to the force on th: election. Solve foe the 
components of B 

SET UP: F is perpendicular to both »• and B . Since the force cei the proton is in the « r dirccticei. B t - Oand 
B - BJ -t BJt For the proton, v - <1.50 km s>‘ . 

Execute: <■) For the proton, F-q{\. 50x10 rn's)fx(£.f : +*,*)*tf 1.50x10* m.'s)B,<-j). *’-<2.25x10 * N )y\ 
2.25x10'“ N 

(l.60x|0 M 0X1.50x10' ms) 

electron, tr — <4.75 km*X-i). f-q* x B -<-rX4.75xlO' f m'sX-* )xiBj + Bk)~ +<44.75x 10* ms )BJ. 

The magnitude of the force is F - c(4.75x 10* fit's) |£ | Since F -8.50* 10’“ N. 

. . 8.50x10 “N 

\B - 

1 1 <1.60x10 ^ 0(4.75x10'm's> 

the magnitude of th: force on the electron B - + B] - J(±I.12T> ♦ (-0.938 T)‘ - 1.46 T. 


so B »- 


- -0.93K T . The force on the proton is independent of B . For the 


-1.12 T. A s ±1.12 T. The sign of B is not determined by nxasunng 


ff -0.938 T 


0 - ±40°. B is in the .rr-plane and is either at 40° from the .redirection toward the 


B ±1.12 T 

-• ■direction i>r 40° from the -.t*direction toward the -r-direction . 
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27.10. 


27 . 11 . 


27 . 12 . 


(b) B - BJ -f Bk . » ; -(3.2 km's#-/). 

F - qv * B <-c)(3.2 knVsX-jlx (tf./ - fli | -e<3.2x 10* mb)(4(-t) + BJ). 

F -ef3.2xlO* m«s)H±l.l2Tji-(0.938T|r : ) - -<4.80x10*** N)« ±(5.73x10 * N>4 

F - JF. a +Fr' - 7.47 x 10 * N Ian/? - -- * ‘ 1,1 -- 0 - ±50.0 & . The force is in the xrplare and is 

N ' ‘ F 4 -4.80x10 “ N 1 

directed at 50.0 1 from the -r*axfa tinvard either the *r tw -r axis, depending on the sign of B t . 

Evaluate: If the direction of the force on the first electron were measured. then the sign of B woukl be 

determined. 

iDEVIlfrY: Magnetic field lines are closed loops, so lb: net flux through any closed surface is zero. 

SET Up: Let magnetic field directed out of the enclosed volume correspond to positive flux and magnetic field 
directed into the volume correspond to negative flux. 

EXECUTE: (a) The total flux must be zero, so the flux through the remaining surfaces must be -4) 120Wb. 

< l>) The stupe of the surface is unimportant. Just that it is closed 
(c> One possibility is sketched in Figure 27.10. 

Evaluate: In Figure 27.10 all the field lines that enter the cube also exit through the surface of the cube. 



IDF.VIUY and SET Ur: <1»* - J B dA 

Circular area in the vr-planc. so A=ar l - z[ 0.0650 m) : =0.01327 m : and dA is in the r-direction. Use 


Lq.< l.lSl to calculate the scalar product. 

Execute: (a) B = (0230 T)*; BmddA areparalkl (* = 0*) so BdA-BdA. 

B rs constant over the circular area so , - jB <Lt - J/* dA - B\jA - BA -10230 TK0.01327 nf) - 305x 10 ' Wb 


<h) The dirccticmsof B and dA are shown in Figure 27.1 la. 



BdA-Bm+dA 
with £ = 53.1* 


Figure 27.1 la 


B and p arc constant over the circular area so <t> 4 


| B JA - j BcatddA - BcotfjdA - Beat# A 


(0.230 T)ros53.r(OOI 327 m^lilx 10 1 Wb 


(c) The directions of B and dA arc shown in Figure 27.11 b. 



/» 

Figure 27.11b 


B dA- 0 since dA and B arc perpendicular (£ - 90*) 
O.-Jfl dA = 0. 


EVALUATE: Magnetic flux is a treasure of how mam’ magnetic field lines puss through the surface. It is 
maximum when B is perpendicular to tb: plane of the loop (part a) and is zcto w hen B is parallel to the plane of 
the loop (part c). 

iDt.Mih: When B is uniform across the surface. <1> V = B A = BA cos^. 

SET Up: A is normal to the surface and is directed outward from the enclosed volume. For surface abed* 

A - —Ai . For surface hcfc\ A • - Ak . For surface acid, cosp - 3 •' 5 and the flux is positive. 
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27.13. 


27.14. 


27.15. 


27.16. 


Execute: (a) <!>, (abed) - B A = 0. 

ib) 4>Jhefc)=B A = -40.12S T*0.300 mMO.300 ml - -0.0115 Mi. 

(c) <*,(0*0) -B A- BAcq%+ ^ ^<0.128 1*0.500 m)(0.300 m) = 40.0115 \Vb. 

(d) The net flux through th: rest of the surfaces is zero since they arc parallel to th: A*a\is. The total flux is the 
sum of all parts above, which is zero. 

Evaluate: The total flux through any closed surface, that encloses a volume, is zero. 

I DEV ll^V: The total flux through the battle is zero because it is a closed surface. 

SET UP: The total flux through the bottle is the flux through th: plast:c plus the flux through the open cap. so the 
sum of these must be zero. 4 <l> ^ - 0. 


- -4*^ * -BAca%<t> - -fii ~r' )cos«t> 

EXECUTE: Si*stituting the numbers gives <1>^. - 11.75 T|.t<0.0125 nif cos 2S° - x 10 * Wb 

EVALUATE: It would be impassible to calculate the flux through the plastic directly because of the complicates! 
shape of the bottle, but with a little thought we can find this flux through a simple calculation. 

IDI.VIIFY: p-mv and /.-/?/>. since the velocity and linear momentum are tangent to the circular path. 
SETUP: mv*/ it. 

Execute: (a) j>amv-w| '-/tyff-(4.68x10 ' in)6.45<IO" 


C M 1.65 T)-4.94x10 ‘ kg m s 

(h> L = Rp = R*qB = (4.68 x 10 1 m)*<6.4 x 10 * CM1.65 T» = 2.31 x 10 * %i kg m 3 fs. 

EVALUATE: p is tangent to the orbit and L is perpendicular to the orbit plane. 

(a) IDENTIFY': Apply Eq.(27.2) to relate the magnetic force F to the directions of v and/L The electron lias 
negative eharge so F is opposite to the direction of r x B. For motion in an are of a circle the acceleration is 
toward the center of the arc so F must be in this direction, a - / R. 

SET UP: 

'V - 

As the electron moves in the semicircle, 
its velocity is tangent to the circular path. 

The direct uxi of r, x B at a point along 
the path is show n in Fieurc 27.15. 




U<« 


Figure 27.15 


EXECUTE: For circular motion the acceleration of the electron a is directed in toward the center of the circle. 
Thus the force F g exerted by the magnetic field, since it is the only force on the electron, must be radially inward. 
Since q is negative. F\ is opposite to the direction given by the right-hand rule for \\,*B Thus B « directed 
into the page. Apply Newton's 2nd law to calculate the magnitude of B : ^ F - md gives ^ F^ - /rru 


- |j| Aunt? so |iy|‘A - ) 

fcgK | 4 | x | P t H> M|60x| Q. T 
\q\R (1.602 x 10 M CM0.050 m 1 


(b| iDf.MItY and SET Up: The speed of the electron as it moves along the path is constant. ( F g changes the 
direction of v but not its inaunitude.) The time is ujven by the distance divxlcd by v.. 


_ . . t t . ^ XR *(0.050 m) 

EXECUTE: 1 he distance along the semicircular pith is zR. so /-- 

v p 1.41x10 m s 


1.1 lx 10 


Ev aluate: The magnetic flckl required increases when r increases or R decreases and also depends on the mass 
to charge ratio of the particle. 

IDF.VIIPY: Newton's second law gives |y|n8 - mv* ’ R . The speed v is constant and equals v 4 . The directum of 
the magnetic force must be in the directum of the acceleration and is toward the center of the semicircular path. 
SET UP: A proton has q - 1 60x 10 * N (' and m - 1.67 x 10 * kg . The direction of the magnetic force is given 
by the right-hand role. 
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27.17. 


27.18. 


27.19. 


27.20. 


EXECUTE: (a) B - 


mv < 1 .67 x 10 * kgH 1.41 x 10‘ m/s > 


- 0.294 T 


qR ( 1.60 x 10 " CK0.0500 m) 

The direction of the rmgnetic field is out of tbe page (the charge is positive), in coder for F to be directed to the 
right at point A. 

(b) The time to complete half a circle is / - xR/\\ -l.ll x 10's. 

Evaluate: The magnetic fiekl required to produce this path fee a peoten his a different magnitude (because of 
the different mass) and opposite direction (because of opposite sign of the charge) than the field required to 
produce the path for an electron. 

iDt.viltY and SKI L'E: Use conservation of energy to find th: speed of ih: ball when it reaches the bottom of the 
shah. The right-hand rule give* the direction of F and Fq427.1) gives its magnitude. The number of excess 
clectrveis determines th: charge of the hill 
Execute: g»(4^)0xl0*)(-l.602xl0 ^c)^-6.408xl0 “ c 

speed at bottom of shah: ^mv 1 - mgyi v - JIgv - 49.5 m s 

v ts dmvnwani and B is west, so »• x B is north Sirxc q < 0. F is south. 

f , *|9|t0rin0c(6.4O8xlO " C)<49.5 m *K0.’5<> T)sin90° - 7.9J-10 " N 

Evaluate: Both th: charge and speed of the ball arc relatively small so the magnetic force is small, much less 
than the gravity force of 1.5 N. 

IDLVIIIV: Since the particV: moves perpendicular to the uniform imgnetic field, fhc radius of its path is 

R —— . The magnetic force is perpendicular to both r and B 

PP 

SKI Up: The alpha particle has charge q - *2 c - 3.20 x 10 * C . 

EXECUTE: (a) R - m _ 6.73 x 10 4 m - 0.673 mm The alpha particle moves in a 

<3.20x10 * v CXU0T) 

circular arc of diameter 2R - 1.35 mm . 

(b) For a very short time interval the displacement of th: particle is in the direction of the velocity. The nugnetie 
force is always perpendicular to this directicoi so it does no work. The woric-energy theorem therefore rays that the 
kinetic energy of tbe particle, and hence its speed, is constant. 

. . F. U.fiun? 1320.10 "CH356-IO'm*X 1.10 T)«n90° 

(c) The acceleration is a - —L U--1.88x Iff m s . \\ e can 

m m 6.64 x 10 * kg 

ilso use a - — and the result of pari <a| to calculate a - -—-— 11 lA '' - l.88x iff 1 m's 1 . the rasne result. The 
R 6.73x 10 m 

iccelcration is perpendicular to r and B and so is horizontal, toward the center of curvature of the particle's path. 

Evaluate: (d| The untulanccd force ( F, I is perpendicular to v , so it chinges the direction of v but not its 

magnitude, which is the speed 

iDEN’IltY: In part (a), apply conservation of energy to th: motion of the two nuclei. In part (b> apply - mv~>R. 
SKI L’P: In part <ah let point 1 be when th: two nuclei arc far apart and let point 2 he when they an: at their 
closest separation. 

Execute: (a) K, » U, -K,+ U, . U, - K, - 0 . w> K, - V, and f,mv ! = kSjr . 


v»(.)— =(1.602x10 -—-=1.2x10'm/s 

■’(3.34.10 ’ kgH 10.10 “m) 

„ v-- - . „ „ mv (3.34.I0 ,? kgXl.2 x lOm'i) inT 

(hi y f - niff uivci qvB = mv 7 « . U --■- 0 . 10 T. 

^ ' ’ qi < 1.602 x 10 ,v CX2.S0m) 

Evaluate: The speed calculated in part la) is large, 4% of th: speed of light. 
lDf.\llt\: F - |:i|i /ivmd . The direction of F is given by the right-hand rule. 

SKI L’P: An electron has q --c . 

F 0.00320x10 * N 


EXECUTE: (a) t - Ulr/fstnp . B —- - O.OOT. It tbe angle $ is 

Pl \q\nui* 8(1.60x10 " CK500.000 m.'s)sm90 : 

less than 90'. a larger field is needed lo produce the same force. The direction of fhc field must be tow ard fhc south 

so Out v ' 8 is downward. 
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27.21. 


27.22. 


27.23. 


(b) FsMv^xin^ »• 


4.60x11 N 


- 1.37 x lO'm f* . If d is less than 90\ the 


<1.60x10 * CX 2 . 10 Tlsin 9CP 
speed would have to be larger to have the same force. The force is upward. » » ! xB must be downward since the 
electron xs negative, and th: velocity must he toward the south. 

EVALUATE: The coirfioocnt of H along the direction of v pnxlures no force and the competent of v along th: 
direction of B produrcs no force. 

(a) IDENTIFY and St.I UP: Apply Ncwloo’s 2 nd law. with a - v*tR since the path of the particle is circular. 
EXiCtIE: Y /’* - tno saw |i/|v B-m{\' / R ) 

v J d £«. ( | ' o: - , "-.-|(250TI|6 ) ft .," :1, 1 _ g 33 , [p, m .' t 
m 3.34x10* kg 

(b) iDIMin and SET Ur: The speed is constant so t - distance v. 

jzR t| 6 .%x !0 * ml 

EXEC l TE: / ^-= 2.62 X 10 • s 

v 8.35x10 ms 

(c> IDENTIFY and SET UP: kinetic energy gained - electrx potential energy lost 
Exec i te: ±mv‘ - J?|r 

u,v ; (334x10 r kg)(8.35x|0' msf 

V --—-7.27x10 V - 7.27 kV 


2|i/| 2(1.602x 10 '* C> 


Evaluate: The dcutron has a much larger mass to charge ratio than an electron so a much larger B is required 
for the same v and R. The deutron has positive charge so gains kinetic energy when it goes from high potential to 
low potential. 

V s 

IDEVIIFN: l or motion in an arc of a circle, a - — and the net force is radially inward, toward the center of the 

R 

circle. 

SET Up: The direction of the force is shown in Figure 27.22. The mass of a proton is 1.67 x 10 * kg . 

Execute: (a) F is opposite to the right-hand rule direction, so the charge is rcgativc. F - ™ gives 

, „ . i' 1 . 1W1 „ . 3(1.60-10'* CK0.25O TM0.47S m) , H1 

. tf-90 .nulr-JJ_ _ ;2K4-IO m-. 

Pl K r m 12(1.67x10 J kg) 

(h) -3(1.60-10 '* C)(2 S4-ICC mJXO.250 T|-m90“-3.41x10 " H. 

it - mg -12(1.67 -1(1 ' kg|(9.80nv*')-l .96-10 !1 N . The magnetic force i' much larger lhan the weight of the 
particle, so it is a very good approximation to neglect gravity. 

EVALUATE: <c) The magnetic force is always perpendicular to the path and docs no work. The particles move 
with constant speed. 

• • f A* • I • B 

\ 



Figure 2732 

IDEVIHY: Example 27.3 shows thit B -—— . where fb the frequency, in llz. of the electromagnetic waves 

M 

that are produced. 

SET UP: An electron has charge q - and maxt ni - 9.11 x |(l 1 kg. A proton his charge q - -te and mass 
m -1.67 x 10' ,? kg. 


Exec i te: (a) 8 - 


«i2.t f (9.11x10 11 kg)2*(3.00*IO ;; Hz) 


ll 60x10 "C> 


- 107 T. TTiis ts ahiut 2.4 times th: ereatcsl 


magnitude of mignetie field yet obtained on earth. 

(b) Colons have a greater nxiss than the electrons, so a greater magnetic field would be required to accelerate them 
w ith the same frequmey and there would he no advantage in using them. 
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27.24. 


27.25. 


27.26. 


27.27. 


EVALUATE: Electromagnetic waves with frequency f - 3.0 THz have a wavelength in air of 

A -3.0 x 10 4 m The shorter thr wavelength the greater the frequency and the greater th: mignctic field that 

is required, B drpends only on/and on the mass-tochargc ratio of the particle that moves in the circular pith. 
IDENTIFY: The magnetic force on the beam bends it through a quarter circle. 

SET UP: Tbc distance that particles in the beam travel is s • R(K and the radius of the quarter circle is R - mv'qB. 
EXECUTE: Solving for R gives R - siO - xt(n/2) - 1.1K cm (x‘2) - 0.751 cm Solving for the magnetic field: 

B - mv!qR - (1.67 « 10 ” lgMI200 mb)'l<l.60 • 10 '*0(0.00751 m)] - 1.67- 10 'f 

EVALUATE: This field is about 10 litres stronger than the Earth's magnetic fWld. hut much weaker than many 
laboratory fields. 

IDENTIFY: When a particle of charge -~e is accelerated through a potential difference of magnitude K, it gains 


kinetic energy eV. When it moves in a circular pith of radius R . its acceleration rs — . 

R 

SET UP: An electron has charge g = -r --l.60x 10 " C and mass 9.1 lx 10 11 kg. 

2(1.60x10 '*0(2.00x10* V> 


Execute: •mv* -cY and i ~ 




- V 


9.1 lx 10 “ kg 


2.65 x 10* m s . F - md gives 


'*‘ 4 - " ^ g38 - ,0< 7 

EVALUATE: The smillcr the radius of the circular path. Ihc larger the mignilixlc of the magnetic field thit is 
required. 

IDENTIFY: After being accelerated through a potential difference I* the ion has kinetic energy qY. The 
acceleration in the circular path is v" /R. 

SET UP: Tbc ion has charge q - +r . 

Execute: jc-.r-ri'. n* F.^BUn*. 

mv (1.16x10 * kuK7.79xl0 4 ms) 


9 - 9tr . F - ma gives |g|i'£ - m—. R - j-|— 


7.81x10 tn = 7. 


(1.60x10 C >0.723 Tf 

EVALUATE: The larger Ihc accelerating voltage, the larger the speed of the particle and the larger Ihc radius of its 
path in Ihc magnetic field. 

(a) IDENTIFY and SET Up: llq.<27.4) gives the total forte on the proton At t - 0. 

F-qV-B-q{vi + vkyBj ^qv Bj. F -(|.60<I0 ‘CH’.00-I0' m *)(0-500 = (1.60x10 * N)/ 

(b) Yes. Tb: elcctnc field exerts a force in the direction of the electric field, since the charge of the proton is 
positive and tb:re is a component of acceleration in this direction 

(c) Execute: In the plane perpendicular to B (the i~* plane I the mixtion is circular. But there is a velocity* 
component in the direction of B . so tb: motion is a helix. The eketric field in the tr direction exerts a force in 

the *fi direction. This force produces an acceleration in the -fi direction and this causes the pitch of the helix to 
vary. The force docs not affect the circular motion in theyr-plane, so the electric field docs not affect tb: raJius of 
the helix. 

(d) IDENTIFY and SET Ur: Eq.(27.l2) and T - la to to calculate the period of the motion. Calculate a t 
produced by tb: elcctnc force and use a constant acceleration equation to calculate the displarcmcnt in the x- 
direction m time 772. 

Execute: Calculate the period T: o- f/|tf m 

2jr 2*( 1.67x10 * kg) , . , 

I - 2— - ; , _:_ 1.312x10 i Then i-772 - 6.56x10 1 *. . - 1.50x10 m* 

« ]^|S 11.60x10 "C 1(0.500 T> 


F 1.60x10‘“C (2 00xl0‘VVm 

7, - ----- = -*1.916x10’’ mV 

m 1.67x10' kg 


x-x^Yj + LaC 


»-*,-(l.50xl0‘ in»|(6.56xl0 ' .%)r^1.916x10" nvV')(6.S6x 10 * *)’ -1.40cm 

Evaluate: The elrclric and magnetic fields arc in the same direction but produce forces that arc in 
perpendicular directions to each other. 
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27.28. 


27.29. 


27.30. 


27.31. 


IDF.VI1FV: For no deflection the magnetic and electric forces must be eqml in magnitude and opposite in 
direction. 

Si:r UP: v »EfB for no deflection. With only the magnetic farce. |g|v£ - mv* :R 

Execute: (a) v = EfB =<1.56- 10* V/m )/(4.62« 10 1 Tl = 3.38 * lO‘m/%. 

( b> The directions of the three vectors !, E ami B arc sketched in Figure 27.28. 

oiv (9.1 IxlO'* 1 kg)(3.38“10" mfe) 

(cl « - n —-4.17x10 in. 

\q\B (1.60x10 CK4.62x 10 T) 

r-ffH- —- 2 ,t < 117 ' 10 nlt 7.74,10^. 

|g|fi v <3.38xl0*m>s) 

Evaluate: For the field directions shown in Figure 27.28. the cketric farce is toward the top of the page and 
the magnetic force is toward the bottom of the pace. 


Figure 27.28 

IDENUFY: For the alpha particta to emerge from the plates unde flee ted. the magnetic force an them must 
exactly caned the electric force. The buttery produces an electric field between th: plates, which acts an the alpha 
particles. 

SET Up: First use energy conservation to fuxl the speed of the alpha put teles as they enter the plates: gK- I >*2 in'. 
The electric field between the plates due to th: battery is £ - IV For th: alpha particles not to he deflected, the 
magnetic force must cancel the electric force. soqvB — g£. giving B - £V. 

Execute: Solve far the speed of the alplia particles just os they enter the region between the plates. TTieir charge 

is 2c. 


!2<2cU' J4( 1.60-10 ~C|(I7S0V) 

' 'V“ V 6.M-I0 • kg 41 * 


-10’ m i 


The electric field between th: plates* prxxiuced by the battery*, is 

£ - \\fd -(150 V) (0.0QS20 m) - 18.300 V 
The magnetic force must cancel th: electric force: 

B - Elv, - (I S.300 V>'(4 11 » 10' ms) - 0.0145 T 

The magnetic field is perpendicular to the electric field. If the charges arc moving to the right and the electric field 
points upward, the magnetic field is out of the page. 

EVALUATE: The sign of the charge of the alpha particle does not enter the problem, so negative charges of the 
same magnitude would also not be deflected. 

IDENTIFY: For no deflection the magnetic and electric forces must be equil in magnitude and opposite in 
direction. 

SET Up: t = £.’ B for no deflection. 

Execute: To pass undeflcctcd in both cases. £ = vB = (5.85 x lO'm/sMIJS T> = 7898 N/C. 

(a) If g - 0.640x 10 ' C. the cketric held direction is given by -(jx \-k)) — i. since it must point in the opposite 
direction to the magnetic force. 

(b) If q = -0.320xl0*C\ the electric f*:lddirection is given by ((- j) x(-A» = i . since the electric force must 
poem in the opposite direction as the magnetic force. Since the partarlc has negative charge, the electric force is 
opposite to the direction of the electric field and th: mignctic force is opposite to the direction it has in port l a). 
EVALUATE: The sanx configuration of electric and magnetic fields weeks » a velocity selector for both 
positively and negatively charged particles. 

IDEN TIFY and SET Up: Use the fields in the velocity selector to find the speed v of the particles that pass through 
Apply Ncvvion's 2nd law with a - v" > R to the circular motion in the second region of the spectrometer. Solve for 
the mass m of the ion. 

EXECUTE: In the velocity selector ^|£ = \q\vB. 

12x10'V/m 


£ 

‘ Ti 0.540 T 


2.074x 10 ms 
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Evaluate: All three current se g ments are perpendicular to the magnetic field, so $ - 90“ for each in the fccce 
equation. The direction of the force on a segment depends on the direction of the current for that segment. 



W (b) 

Figure 2735 


27.36. IDEM in and SET Ur: F - //fl«n^ . The direction of F is gisvn by applying the right-hand rule to the 
directions of / and B 

EXECUTE: (a) The current and field directions are shown in Figure 27.36a. The right-hand rule gives that F is 
directed to the south, as shown. ^-90 ; and F -{I.20AK1.00x10' * m> 0 . 5 KS T) - 7.06 x 10 ‘ N. 

<l>> The right-hind rule gives that F is directed to the west, as shown in Figure 27..16b. ^ - 9 (f and 
F - 7.06 x 10 N . the same as in pirt (a). 

(c) The cuncnt and field directions are shown in Figure 27.36c. The right-hand rule gives that F is 60.0^ north of 
west, fi - 90**0 F * 7.06 x 10 ; N. tlx same as in part fa). 

Evaluate: In each ease the current direction is perpendicular to the magnetic lield. The magnitude of the 
magnetic force is the same in each ease but its direction depends on the direction of the magnetic field. 



Figure 2736 


27.37. 


27.38. 


27.39. 


Identify: F-HB sin^ 

SET UP: Since the field is perpendicular to the rod it is perpendicular to the current and ^ - 90* 


Execute: 


_ 211 * _9.7 A 

IB (0.200 mf(0.067 T) 


EVALU ATE: The force and current arc pcopcvtional. We have Assumed that the entire 0.200 m length of the rod is 
in the magnetic field. 

Identify: Apply F - II * B 

SET UP: The magnetic field of a bar magnet points away from the north pole and toward the south pole. 
EXECUTE: Between the poles of the magnet, the magnetic field points to the right. Using the fingertips of your 
right hand, rotate the current vector by 90° into the direction of the magnetic field vector. Your thumb points 
downward which is the direction of the magnetic force. 

EVALUATE If the two inagixts had their poles interchanged then the force would tv upward 
Identify and SET UK The magnetic force is given by Kiq.f27.l91. F, - mg when the bar is just ready to kvitatc 
When / becomes larger. F, > mg and F. - mg is th: net force that accelerates the bar upward. Use Newton's 2nd 
law to find the acceleration. 
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27.40. 


27.41. 


27.42. 


27.43. 


mv (0.750 kg) 9.80 m V I 

(a) EXECITC: /IB - mg. / - -—-- 32.67 A 

IB (0.500 m)|0.450T) 

€ - IR - (32.67 A )| 25.0 H) = 8I7 V 

(b) ^^200 / =€/R -(8167 V)/(2.0 Q)- 408 A 

= 92 N 

a*(F t -mg)fm -113 m s* 

EVALUATE: / increases by over an order of magnitude when R change* to F t » mg and a is an order of 
magnitude larger than g. 

I DEMUX: The magnetic force r, must be upward and equil to mg. The direction of F v is determined by the 
direction of / in the circuit. 

SET UP: F k - ////*in^. with ^ - 90° . / - — . where V is the battery voltage. 

R 

Execute: (a) The forces arc shown in Figure 27.40. The current / in the bar must he to the right to pnxiuce 
F k upw ard. To produce current in this direction, point a must be the positive termini! of the battery. 

!»«««. ■»^ V>0^n„ll 5 l >T );3 ., | 

* g % (5.00 mtf) * 

EVALUATE: If the battery had opposite polarity, with point a as tbe negative terminal, then the current would he 
clockwise and the magnetic force would be downward. 

4 r * 


. .V 


nty 

Figure 27.40 

IDEMUY: Apply F - // x B to each scgircnt of the ccmductcc: the straight section parallel to the .r axis, the 
semicircular section and th: straight section thit is perpendicular to the plane of the figure in Example 27.8. 

SET UP: B - BJ . The force is zero when the current is along the direction of B . 

EXECUTE: (a) The force cm the straight section along the -r»axis is zero. For the half of the semicircle at 
negative a* the force is out of the page. For the hilf of th: semicircle at positive x the force is into the page. The net 
force on the semicircular section is zero. The force cm the straight section that is perpendicular to th: plane of tbe 
figure is in the r dircction and has magnitude /' - /LB. The total magnetic force on the conductor is /LB. in the 
redirection. 

EVALUATE: <b| If the semicircular section is replaced by a straight section along the x -axis, then the magnetic 
force on that straight section would be zero, the same as it is for the semicircle. 

IDEMUY: z - SAB sin p . The magnetic moment of the kop is p - JA . 

SET Up: Since the plane of tbe loop is parallel to th: field, the f*:ld is perpendicular to th: normal to the loop and 
l -90°. 

EXECUTE: (a) r^lAB-«<2 AX0.05Omt|O.0KOmK0.l9T)-4.7«l0 * N-m 
|b) /i - IA - (6 2 AH0.0S0 mXO.OSO m l ^ 0.025 A m* 

EVALUATE: The torque is a maximum when tbe field is in the plan: of the loop and p - ^1°. 

IDE\tin: The period is T - 2rr/v . the current is Qft and the magnetic moment is //-/A 
SET UP: The electron has charge -c . The area enclosed by the oebit is .rr'. 

EXECUTE: (a) r = 2 xr/v - l.S xl0~* s 

(b) Charge -c passes a point on the orbit once dunng ea:h period, so / - Qjt - cjt -1.1 mA 
(c> f! - LI - Ixr' -9.3 «10'* A m"’ 

EVALUATE: Since the electron has negative charge, the direction of the current is opposite to the dircctxm of 
mot:o(i of the electron. 
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27.44. 


27.45. 


27.46. 


27.47. 


IDEAIIEY: z - LABunf. where p is the angle between B and the normal to the loop. 

SKI L’P: The coil as viewed along the axis of rotation is shown in Figure 27.44a for its original position and in 
Figure 27.44b after it has rotated 30.0". 

EXECUTE: (a) The forces on each side of the coil arc shown in Figure 27.44a. F+F 2 -0 and f ( + f 4 -0. The 
net force on the cool is zero. ^ - 0* and «ntf = 0. so r - 0. The forces on the coil produce no torque. 

<b> The net force is still zero, p _ 30.0® and the net torque ts 

r -(1)1.40 A >0.220 m)(0.350 mK1.50 T)sin30.0° = 0.0808 N -m . The net torque is clockwise in Figure 27.44b 
and is directed so as to increase the angle p . 

Evaluate: For any current loop in a uniform magnetic field the net force on the loop is zero. The torque on the 
loop depends on the ooentarion of the plane of the loop relative to the magnetic field direction. 




Figure 27.44 

IDLVIIEY: The magnetic field exerts a torque on the current-carrying coif which causes it to turn. We can use 
the rotaticeial form of Newton’s second law to find the angular acceleration of th: coil. 

SKI L’P: The magnetic torque is given by f - p * B . and the rotational form of Ncwtcef s second law is 
r = ifi . The magnetic field is pirallcl to the plane of the loop. 

EXECUTE: (a) The coil rotates about axis .4: because the only torqu: is alcmg top and bottom sides of the coil. 
(b> To find the moment of inertia of the coil, treat the two 1.00-m segments as point-masses | since all the points in 
them arc 0.250 m from the rotation axis I and the two 0.500-m segments as thin uniform bars rotated about their 
centers. Since the coil is uniform, the mass of each segment is proportional to its fraction of the total perimeter of 
the coil. Each 1.00 m segment is 13 of the total perimeter* so its mass is (1/3X210 g| - 70 g - 0.070 kg The mass 
of each 0.500-m segment is half this amount, or 0.035 kg. The result is 

I = 2(0.070 kg II0.250 m> ; * 2^(0.035 kgXO -MK m)’ - 0.0102 kg in' 

The torque is 

|f| Jm-«| -lABunW- (2.00 AKOSOOmM 1.0 mtf3.0(> T)-3.00 N m 

t.’sang the above values, the rotational firm of Newton’s second law* gives 

a ^ I = 290 rad 's' 

/ 

Evaluate: Thrs angular acceleration will not continue because the torque changes as the coil turns. 
iDEAlltY: v - p* B and U = -pBcosp . where p = SIB . z = pB sintf . 

SET L’P: ^ is th: angle between B and the normal to the plane of the loop. 

Execute: (a) * - 9CT. r - A7.4tfsin|90 : ( - SUB. direction k x } - U - - pBcasp - 0. 

<l>> p - 0. r - A74£Xin(0) - 0. no direction. U - - pBco%p - - SLAB. 

(c) - 90°. r - SLAB sin(90°) - SLAB, direction-£x/’- i. U -- pBcotp - 0. 

<d> p - ISO*: r - SLAB sin< 180°) - 0. no direction. U»-pB cos< 180°) - SLAB. 

Evaluate: When ris maximum. U -0 . When |L’| is maximum, r - 0. 

IDE.MIEY and SET L T P: The potential energy is given by Fq.(27.27): U - p B. The scalar product depends on 
the angle between p and B. 

Execute: For p and B parallel p = 0 : and p B- pB costf = pB For p and B antiparallel. 
p - ISO* and p B - pBco*+ - -pB 
L\ = +pB. 6\ = -pB 

A V « L\ -(/, ^ -2pB - -2(1.45 A nv >0.835 T) - -2.42 J 

EVALUATE: V is maximum when p and B are antiparallel and minimum when they arc parallel When the coil 
is rotated as specified its magnetic potential energy decreases. 
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27.48. 


27.49. 


27.50. 


IDEMIFY: Apply Eq<27.29) in order to calculate /. The power drawn from the line i = l \\ K . The 

mechanical power is the power supplied minus the /'r electrical power loss in the internal resistance of the motor 
SET UP: V+ = 120V . £ - 105 V. and r - 3 2 Cl . 

Execute: <■> ^ 1:0 v ~ 105 v -47 A 

r 3.2 Cl 

(b> P nnM = /K* = <4.7 AX 120 V) = 564 NV. 

(c> = /U, - / V = 564 W -(4.7 A) 5 (3.2£21 = 493 W 

EVALUATE: If the rotor isn’t turning, when the motor is first turned on or if the rotor hearings fail, then £ - 0 

i t ,20V 

and / =- 


37.5 A . This large current causes large I'r heating and can trip the circuit breaker 


3.2 £2 

iDEVIItY: The circuit consists of two parallel branches with the potential ditTcrence of 120 V applied across 
each. One branch is the rotor, represented by a resistance R, and an induced cmf that opposes the applied 
potential. Apply the loc^i rule to each parallel branch and use the junction ruV: to relate the currents through the 
field coil and through the rotor to the 4.S2 A supplied to the motor. 
s»:r UP: The circuit is sketched in figure 27.49. 


r = 4 « 2 A 



£ is the induced emf developed by 
the motor. It is directed so as to 
ixipose the current through the rotor 


Figure 27.49 

Execute: (a) The field coils and the rotor are in parallel with the applied potential dilTctetxe V y so V 
1 R t 106 £2 

(l>| Applying the junction rule to po«m a in the circuit diagram gives 0. 

/.»/-/, *4.82 A-I.I3 A-3.69 A. 

(c) The potential drop across the rotor. /./?, ■* £. must equal the applied potential datYcrcncc V : V - /,ft r £ 
e=V-!,R, -120 V-(3.69A)(5.9!l)=98.2 V 

(d) The mechanical power output ts the electrical power input minus the rate of dissipation of electrical energy in 
the resistance of the motor: 

clectrxal power input to the motor 
P„ - IV = (4.82 A)(120 V) = 578 W 
electrical power ksss in the two resistances 

= ifa + !\R = (1.13 A) 1 (106111 >■ (J.69 A) 1 (5.9 11) = 216 W 
mechanical power output 
P^^P.-P^" 578 W - 216 W ^ 362 W 

The mechinical power output rs the power associated with the induced emf £ 
r^=P : = a, - (9X2 V)(3.69 A | = 362 W. which agrcci with the abinc calculalxm 

Evaluate: The induced emf reduces th: amount of current that tlows through the rotce. This motor differs from 
the one described in Example 27.12. In that example the rotor aixl faciei coils are connected in series and in this 
problem they arc in parallel. 

IDIMIFY: The field and rotor coils arc in parallel. » - I { R t -£♦//? and / = J f + / , where / is the current 

drawn from the lin:. The power input to the motor is P - V u /. The power output of the motor is the power input 
minus the electrical power losses in th: resistances and fnclion losses. 

SET UP: 1^ =120 V. / - 4.82 A. 

120 V 


EXEC UTE: (a) Field current / - 


2 US £2 


- 0.550 A. 


(h» Rotor current /-/-/- 4.82 A - 0.550 A - 4.27 A. 
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27.51. 


27.52. 


(c»*' = £ + /,^ and C^V-W, al20V-(4.27AH5.9n)*M.8 V. 

(d) P, = /,'/?, = (0.S50A)’(21811) = 6S.9 W. 

(cl P, - I’R, =(4.27 A) ! <5.9«I = IDS W. 

(f| Power inpul -1120 V) (4.82 A) - 57S W. 

, . P M (578\V-65.9\V-I08W-4SW) 359VV 

P^, 578 W STS W 

Evaluate: IN k>stcs in the rciiitjnec of the rotor and field coil* arc larger than the friclhin limes ftn this 
motor 

IDENTIFY: He drift velocity it related to the current density by Eq.(25.4|. The clectrx field it determined by the 
requirement that the electric and magnetic forces on the cunem carrying charges an: equal in magnitude and 
opposite in direction. 

(a) Sir Uf: The section of the silver nbbon is sketched in Figure 27.51a. 

3 - 


t 

turns i* 

i 






J -;i 


to v. - 


1* 

T\ 


EXECUTE: 

J 




Figure 27.51a 

/ 120 A 

“’<0.23x10 * mUO.OHRm) 

4.7x10 ‘ m s -4.7 mm's 


4.42 x|0 : A m : 


4.42x10 AW 

‘ (5 85-10“,’m' 1(1.602-10 " C| 

|b> magnitude of E 

£, = i ,fl. = <4.7-10 1 m<K0.9S T) = 4.5-I0 1 V/m 
direction of E 

The drift velocity of the electrons is in the opposite direction to the current, as shown in Figure 27.51b. 


r * 


at 


f - qv - B 


Bl 


fG> 

Figare 27.51b 

The directions of the eVxtric and magnetic forces on an electron in the rtobon are shown in Figure 27.51c. 


t'. must oppose E. so t' 


0 

Figurc 27.51 


in in the -z direction 


F s - qt : - -cE so E is opposite to the directiixi of F x and thus E is in the -direction 

(c> The Hall cmf is the (xitentul difference between the two edges of the stnp (at z - 0 and z * ) that results from 

the clectrx- field calculated in part (b). 2* |UJ = Ez x = (4.5x 10 * VmXO.OI IS m) = 53 /mV 

Evaluate: Even (tough the current is quite large the Hall cmf is very small. Our calculated Hall cmf is more 

than an order of magnitude larger than in Example 27.13. In this problem the magnetic field and current density are 

larger than in the example, and this leads to a larger I lal 1 cmf 

Identify: Apply Eq.(27.30k 

Sir Up: A - y.z.. E - £t.. U-e. 


t B 


Exit i ll: 


lb 


me. aw } Aq\E 


(78.OAK2.29T) 


(23x11 
E\ Al.l Alt: 


‘ n»Kl-6xlO ,v CX 1.31 x 10 1 V> 


5.7 x IQ‘* electrons in 


The value ofn for this metal is about one-third the value of« calculated in Example 27.12 ft>r copper 
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27.53. 


27.54. 


27.55. 


27.56. 


(a) IDENTIFY: Use lit|-C27-21 to relate p. B . and F. 

SET L’P: The directions of v. and /* are shown in Figure 27.53a. 



F - qw x B says that F i* perpendicular 
lo »• and B The infonmtion given here 
tncans that B con have no r-component. 


F igure 27.53a 

Tlte direction* of v and F. arc shown in Figure 27.53b. 


F i* perpendicular to v and B.. so B can 
have no .v-component. 


Figure 27.53b 

Both pieces of information taken together say that B k in the redirection; B - Bj. 

EXECUTE: U*c the information given about F to calculate F, : A - FJ . » : - v*£, B - BJ. 

A - q\\ x B says FJ - ijv.Bk x j - yi'.i! ; (-/) and F 1 - —qv i B f 

B t = - F : f(q\\) - -FJ(qi \). B has the magimtixlc /*"% «(^v,) and is xn the - y-direction. 

(b) F] - </vtfs mfi-q\\ |B | J2 - FJyfl 

EVALUATE: v ~i\. *\ is perpendicular to B wherea* only the component of r, perpendicular to B contributes 

lo the force, so it i* expected that F\ > F % . is we found 

Identify: Apply F -qv*B 

SET UP: B k = 0.450 T. B t - <> and B ’ = 0. 

Execute: r = qiyB - v)=0. 

F -qi\\B t -vB > = (9.45x10* CNS.KSxlO 4 nVs)(0.450 T) = 2.49 x 10 ; N. 

Fj - q(v g B - v, B t ) = -<9.45 x 10 1 C)(-3.11 x 10 4 m sM0.450 T) -1.32 x 10 1 N. 

EVALUATE: F is perpendicular to both r and B We can verify that F • r - 0. Since B is alcvig the .v*ixis. 

V 4 dees not atlect the force component*. 

IDENTIFY: The sum of the mignctic. electrical, arxl gravitational forces must be zero to aim at and hit the target. 
SET UP: The magnetic field must point to the left when viewed in the dircctxm of the target for no net fevee. The 
net force is zero, so yr = F a - F f - mg — 0 and qvB qE - mg - 0. 

Execute: Solving for B gives 

„ qE + mg (2500x10 *CX27.5hFC) » <0.0050 kgX9. 


ms* y 


3.7 T 


qv <2500x10 »CXl2.8m'x) 

The direction should he perpendicular to the initial velocity of the coin. 
EVALUATE: Thr* I* a very strong magndic field, but achievable in some labs. 
Identify: Apply R-mv |y|#. =i//? 

Setup: I eV- 1 . 60 x 10 '* J 

Execute: (a) K ~ 2.7 MeV = <2.7 x ICfcV) (1.6x10 " J cV) = 4.32 x 10 " J. 


,2£ = 12(432 x 10"**J) .^ 7x |Q > m ,,. 
y) m V 1.67 x 10 Ig 


3.34 x 10 rad s. 


n MV fl.67x 10 kg)(2.27 x 10' mt) 4t v 2.27 x I0’ nVs 

It ---- 0.068 m Also, w - — - 

qB (1.6x10 C)<3.5T) R 0.06K in 

(h) If the energy reaches the final v alue of 5.4 McV. the velocity increases by Jl . as docs the radius, to 0.096 m. 

The angular frequency is unchanged from part (a) so is 3.34 x ICf rad s. 

Evaluate: m - iw . SO ft; is independent of the energy of the protons. The orbit radius increases when the 
energy of the proton inrrcascs. 




27.57. 


27.58. 


27.59. 


27.60. 
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(a) Ii>i:mi>'\ aiicl SET Up: The maximum radius of the orbit determines th: maximum speed v of the protons. 
Use Newton's 2nd kaw and a t - v'.'A for circular motion to relate the variables. The energy of the particle is the 
kinetic energy K -jwv. 

EXECUTE: y F - md gives blitf = m(iV/?| 


v = 


(1.60x10 ‘‘CX0.85TX0.40m) 
1.67x10* kg 


3.257 x 10 m’s. Tlx kinetic energy of a proton moving with this 


speed is A - T «i- ^<1.67 x 10 r kg 1(3.257x 10' nvx) % - 8.9x10 “ J-5.6McV 

(b| The time for one revolution is the period T - ~ -11—-!lL!— 7.7 x 10 ' s 

v 3.257x10 m»* 

(c> A - Aim* - Awl I - l M ^ . (>r. B . B is proportional to Jk . so if A' is increased bv a 

’ l * ; m |g|/? 

factor of 2 then B must he increased by a factor of Jl B - J2(Q.&$ T) - 1.2 T. 

(d> v-M^L V< 1,0 85 T><O JOlll> - l . 6 ^. 10 ’ nv'i 

m 6.65x10 * kg 

A - |im : - i(6.6S x 10 * kg HI .636* 10’ mxF - 8.9 x 10 " J - 5S MeV, the same ax the maximum energy for 
protons. 

EVALUATE: We can see that the maximum energy must he approximately the some ax follows: From pari (ck 
A' - Amj M j For alpha particles |i/| i.x Larger by a faelor of 2 and m is larger by a factor of 4 |approximately!. 

Thus |v| > trt is unrhanged and A is the same. 

Identify: Apply f - q\' x B. 

Set Up: v - -\j 

Execute: (a) F --qv\B t (jxi)+ B (jxj) + B\}xi))- qvB i -qvB i 
do B > 0 . B < 0 . sign of B doexn* matter. 

(c) F and 

EVALUATE: F is perpendicular to v . so F has no r-component. 

iDKMin: The contact at a will break if the bar fixates about h. The magnetic field is directed out of the page, so 
the magnetic torque i.x counterclockwise, whereas the gravity torque is clockwise in the figure in the problem The 
maximum cuncnt corresponds to zero net torque, in which case the torque due to gravity is (ust equal to the torque 
due to the magnetic field. 

SKT L’P: The magnetic force is perpendicular to the bar and has monxnt arm 1/2 . wlxre / - 0.750 m is the 
length of the bar. The gravity torque is —cox 60.0° 

EXECUTE: - r, and /wg— coshO.O 6 - ///?sin90' 5 —. This gives 

, »«c«60.0‘ <0.458k S )(980inV>*60.0°> 

/ — - --— 1.93 A 

IB* n90° 10.750 mW1.55 THU 

EVALUATE: Once cceitact I.x tooken. the magnetic torque ceases. The 90.0° angle in the expression for r A is the 
angle between the direction of / and the direction of B 
Identify: Apply R - 


SET UP: Axsum: D«R 
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27.61. 


EXECUTE: (a) The path it sketched in Figure 27.60._ 

(hi Motion is circular x' + y 1 = R* =>i = Dz> y\ = yjtt' - D’ (path of deflected panicle) 
>\ - R (equation for tangent to the circle, path of undrtlcctcd particle). 

d = v, - n - R - Jr 2 -d 1 ^r- rJi -/r! i-./i — 



( i & V 

. If R»D % d*R 

"(■-if) 


D 


1 or a 




part:clc moving in a miguctic field. Bui i,mv : =qV, so R — — r ' . Thus, the deflection 

qB ' B\ q 


d * 


DB { « 


2 tZffiir 2 \2m> 


(0.50mn5.0xl0- T | I _ 06x10 ^C) _ . 0 ^ 7 ra . 6 . 7 cm . d * which is fairly 

2 y2(9.llxlO " kg«750V) 


significant. 


ImV D 


EVALUATE: In part (c). R - —^j-— -1 — j£J = 3.7/3 ami j — . - 14 , so th: approximation nvidc in 

pari <b( is valid. 



iDtvniY and SET Vr. Use Eq.(27.2) to relate qJ- B and F. The force F and a are related by Newlon's 2nd law 
B = -<0.120T)£,r -<1.05 x 10' m*X -3/ *f 4/ ♦ 1 2k ). F = 1.25 N 
(a) EXECim: F -qv * B 

F - <y(-0.120 TX 1.05x10* n*X -3/xi *♦ 4 )xk ♦ 12 k *£) 
ix£ = -j,jx*=ijxi= 0 

F- -4(1.26x10* NTCX+3j + 4f : )»-*<1.26x10* N,CxW-f 3j) 

The magnitude of the vector t4r +3 / is <Jj s + 4* - 5. Thus T - -*(1.26x10* N.CX5). 


-1.98 x10 'C 


_ 1.25 N 

q 5(1.26x10' N.iT) " 5(1.26x 10' X'CI 
(b) -mo so 4 ■ Fhi 

F - -*(1.26x10* NiCKt4/+3j) = -(-1.98x10 * CM 1.26x10' WCXW + 3y) ^0.250 N(-4i : + 3/*) 
0.250 N 


-- i>4i r3/t-(9.69xl0 u m s* X +4r *♦ 3/} 


Tien a - F :m -, 

2.58x10 ° kg 

(c) |DEVHF\ and SET Ur F is in the AT-plane. so in the r-dircetion the paiticV: moves with constant speed 
12.6x 10' ins In the at* plane the force F causes the particle to move in a circle, with F directed in towards the 
center of the circle. 

Execute: V F - ma give* F - m< v* / R l and R - mi 1 IF 
S - V* r»•; -(-3.15-10* mb)’ -t)«420»l0* m/i)‘ = 2.7S6-10‘ mW 
F - s If’ -» F‘ - <0.250 N fi/4‘ ■. 3’ = 1.25 N 

|2.5S « ID kg H 2.756 ■ 10“ r.r , s . 69 <m 

F 125 N 
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27.62. 


27.63. 


27.64. 


27.65. 


(d) IDENTIFY and SET t’r: By Eq.(27.12) the cyclotron frequency is / = affix - vflxR. 

Execute: The circular motion is in the ti plane. so v = ^rfTrf - 5.25 x 10' mf%. 

t -1---■-!Hls 1.47x10 II/. anda» = 2.r/ = 9.23x|0 rads 

2jtK 2^(0.0569 ml 

(e) IDENTIFY and SET L> Compare t to the period T of the circular motion in the VT-pInnc to find the x and v 
coordinates at this t. In the r-dircction the part>clc moves with constant speed, so : = : +1 (. 


Execute: The period of the motion in the or-plane is given bv T - — 


- 6 . 80 x 10 * y 


f 1.47x10 Hz 

In / - 2Tthe particle has returned to the some x and y coordinate*. Th: r-component of the motion is motion with a 
constant velocity of v. 12.6x 10* m's. Thus r * ^, + vJ » 0 + (l2.6x1 0*nVs)(2)(6.80x 10 * *)-+1.71 m 
The coordinates at / * 2T are x - R % y - O.r - +1.71 m 

EVALUATE: The circular motion is in the plane perpendicular to B The radius of this motion gets smaller when 
ti increases and it gets larger when » increases. There is no magnetic force in the direction of B so the (xirticle 
moves with constant velocity in that direction. The superposition of circular motion in the av-planc and constant 
speed motion m the r-dixecticm is a helical path. 

IDENTIFY: The net magnetic force on the wire is the vector sum of the force on the straight segment plus the 
force cxi the curved section. NVc must integrate to get the force coi the curved section. 


I p: .+/W.— 


f. ... 




iRBsmOd0-2iRB 


(the same as if it were a straight segment 1R long) and - 0 due to symmetry. Therefore. F - 2 ♦ 2iRB 
Execute: L'smg ^ - 0.55 m. R - 0.95 m. J - 3.40 A. and B - 2.20 T gives F - 22 N. to right. 

Evaluate: Notice that the curve has noctVcct on the force. In other wixds. the force is the some os if the wire 
were simply a straight wire 3.00 m long. 

IDENTIFY: z - HlABiin $. 

SET Up: The area A is related to the diameter D by .*1 - . 

EXECUTE: z = J\7(^TO } )5»n^. z is proportional to D 1 . Increasing D by a factor of 3 increases r by a factor of 
3 J =9. 

EVALUATE: The larger diameter means larger length of wire in the loop and also larger moment arms because 
parts of the loop ore farther frcvm the axis. 

Identify: Apply F = qr*B 
Set Up: v-vi 

Execute: (a) F - -qvBj + qvBJ. But F - 3 fj -* 4 F t j % so 3 F v = -qv&, and 4 F u - q\'B, 

Therefore. B, . ff. - i^aixl B is undetermined. 

qv qv 


6F 




|b,s -=?-*(£J 

Evaluate: The force doesn’t depend on B . since it is along the r dircctiwi. 

IDENTITY: For tlic velocity selector. E - \B . For the circular motion in th: field 8 . R - 


,/r 


Setup: fl-S’-O.TOIT. 

E 1.81x10'WC 


1AHII1.: \- 


V." 


5.701 


-2.68x10 ms. R - —.so 




a 82(1.66-1(1 ' kgM2.68-10‘ m't> = ^ m 






(1.60x10 ' CM0.701 II 
84(1.66-10 ^ kg H 2.68-10" mil 
(1.60-10 " CM0.701 T) 
86(166-10*’ kg.M2.68-10‘ ml> 
(1.60-10 " CM0.701 T) 


= 0.0333 m. 


= 0.0341 m 


The distance between two adjacent lines is AR - 1.6 mm . 
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27.66. 


27.67. 


27.68. 


Evaluate: The distance between the '-Krlinc and th: M Kr line is 1.6 mm and tl>c distance between th: 

M Krlinc and the '‘Krlinc is 1.6 mm. Adj&rcnt lines are equally spaced same the *Kr versus M Kr and “Krvcrwis 
“ KrmassdifVcrenrcs are the sumc. 

Idea l itY : Apply conservation of energy to the acceleration of the kins and Newton’s second law to their motion 
in the magnetic held. 

SET UP: The singly iceiizcd ions have q -+e . A ‘‘C* ion has mass 12 u and a *C ion has mass 14 u. where 
la• 1 . 66 x 10 ’* kg 


EXECUTE: (a) During acceleration of the ions* qV - -«iv' and i - t |—-— In the magnetic field, 

nt 


2aV 


.. 22 * 

2V 


lU I* 

' ,(,, 0 l 5 " r . |i,O 5 , n, 2.26x10* V 

2m 2(12X1-66 x 10“*’ kg) 

(c) The ions are separated In* the differences in th: diameters of their paths. D - 2R - 2 


Dm 

w 


so 


HD D {i - Os u 2 



Dm 

w 


\D^Z 


l 2 l 226 ‘ l 0 , yK». 66 , 10 ^ | /fi _ MIxl0 -: m U abou, « cm and is easily di*i 
y (1.6* 10 0(0.150 T l ' ; 


Evaluate: The speed of the '*C ion is >• - 


R 


11.60x10 C<226xl0 V) 
12(1.66x10 * kit 


stingurshahac 


- 6.0 x 10' m s - This is very fast, hut 


well bdow the speed of light, so rciativistac mechanics is not rxeded. 

iDEMttY : The force exerted by th: magnetic field is given by liq.(27.19). The net force on th: wire must he zero. 
SET L’P: For the wire to remain at resa the fixcc exerted on it by the magnetic field must have a component directed 
up the incliix. To produce a force in this direclicei. the current xn the wire must h: directed from right to left in 
figure 27.61 in the textbook. Or. viewing th: wire from its left-hand end th: directions are shown in Fiuure 27.67a. 


dL 


figure 27.67a 


Tlie free-body diagram fee th: wire is L'.ivcn in figure 27.67b. 



Execute: =0 

F ; cos 0 - A/#sin 0 -O 
F } =//Jun^ 

^ - 90 T since B is perpendicular 
to the current direction. 


Thus (JU) cos 0 - Mg sin B 


aod / = 


\fg tan 0 

LB 


Evaluate: The magnetic and grav itational forces arc in perpendicular directions so their components parallel to 
the incline involve ditVerent trig functions. As the tilt angle 0 increases there is a larger component of Mg down 
the incline and the component of F } up the incline is smaller; / must increase with 0 to compensate. As 
0 0, / -♦ 0 and as 0 -♦ 9IT. / -♦ w. 

Idea litY: The current m the bar is downward, so the magnetic force on it is vertically upwards. The nrt force on 
the bar is equal to the mignctic freec minus the gravitatkmal freec. so Newton’s second law gives the acceleration. 
The bar is xn parallel with the 10.0-12 resistor, so we must use circuit analysis to find the initial current through it. 
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27.69. 


27.70. 


27.71. 


27.72. 


SF.T UP: First find the current. TT>: equivalent resistance across the Kitten* is 30.0 Ct so the total current is A.00 A, 
half of which goes through the Kir. Applying Newton's second law to the Kir gives Y F - md - F'* —mg - iLB - mg. 
EXECUTE: Solving for the acceleration gives 


iLB-mg (10AKI.50mKl .60Tl - 3.00 N 
7i (3.00 N9.80 mi-) 


= 5.S8 mi'. 


The direction k upw ard. 

EVALUATE: Once the bar is free of the conducting wires, its acceleration will become 9.S in s 1 downward since 
only gravity will be acting on it. 

IDEMIFY: Calculate th: acceleration of the iocs when they first enter the field and assume this acceleration is 
constant. Apply conservation of energy to the acceleration of the ions by the potential difference. 

SET Up: Assume ! - v i and neglect the y-component of v that is produced by the magnetic force. 


Execute: (a) T jv.* - q\\ so v = Abo. a, = - ' 


x 

f -. 

V 


> i 


-fir* 


1:1 


Kml 

(b) This can be used for isotope separation since the mass in the denominator leads to difTerent locations fee 
different isotopes. 

Evaluate: r»i B - 0.1 T. i = 1x10* mi. q - « and m = 12 u = 2.0.10 J * kg. y - (1.0 m : |.r‘. The 
approximation y «.r is valid as long as x is on the order of 10 cm cc less. 

Idem it v: Turning the charged loop creates a current, and the external magnetic field exerts a torque on that 
cunent. 

SET UP: The current is / - qT - q'{Iff) - qf - q( af2n) - qt*1 n Th: torque is r - tili sin 

Execute: In this case. 0 - 9tTand u - AB. giving r - IAB. Combining the results for the torque and current 

and using A - nr gives r - j -i— j xr m B - ~q&r' B 

EVALUATE: Any moving charge is a current, so turning the loop creates a current causing a magnetic force. 
iDLMUY: B — r-j - —. 


SET L r P: After completing ocx semicircle the separation between the ions is th: ditVererxe in the dianxters of 
their puhs. or 2</?,,-/?,%>. A singly xmiyed ion has charge -te. 

<1.99x10-* lgK8.50x 10* mss) 


EXECUTE: (a) B - 


il.60x!0 ,v 0(0.125 m) 


-8.46*10 T. 


(b| The only difference between the two isotopes is their masses.-—--constant and —— — -. 

m \i\B m* rn ml 

ff , - «„! iSl I -(12.5 cm>| : l6 * 10 ' k - 1-13.6 cm. The diameter i%272 cm. 

l-J 11.99x10-kg J 

(c| The separation is 2(R . - i?,.) - 2(13.6 cm -12.5 cm) - 2.2 cm. This distance can be easily observed. 
EVALUATE: Decreasing the magnetic field increases the separation between the two isotopes at the detector. 
iDEMltY: The force exerted by the magnetic field is /** - //./?sinp a - F'm and is constant Apply a constant 
acceleration equation to relate v and d. 

SET L’P: ^ - 90 : . The direction of F is given by the right-hand rule. 

Execute: (a) F - ilb. to the right. 

3 3 

(bl v' - i* -f 2 <j (j-. v.,)gives V* - 2 <td and d - 


(Od- 


(1.12x I0 4 ms)*'<25 kg) 
2(2000 AK0.50 mH0.50T> 


Id 2 ILB 


- 3.14 x 1(1* m - 3140 km 


EVALl ate: a - 


ILB (20x10* AX0.5OmX0.50T) 


- 20 m s*. Th: acceleration due to gravity is not negligible. 


m 25 kg 

iDEMltY: Apply F - I!B sin^ to calculate th: force cm each segment of the wire that is in the mignctic field 
The net force is the vector sum of the forces on e»:h segment. 


27.73. 
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SET UP: The direction of the magnetic force cm each current segment in the field is shown in figure 27.73. By 
symmetry. F, - F k . F\ and F % are in opposite directions so their sector sum is 7ero. Th: net force equals F t . For 
F t% ^-90° and /-0.450 m. 


Execute: F - JIB = (6.00 A(0.450 mXO.666 T)= 1.80 X The net force is 1.80 N. directed to the left. 
EVALUATE: The shap: of the region of uni firm field divsn't matter, as long as all of segment c is in the field and 
as long as the lengths of the portions of segments u and h that are in the field are the same. 



Figure 27.73 

27.74. IDEMIFY: Apply F - // - B 
SETUP: / - Ik 

Execute: <a) ^-/(/*>x£-//£(-* Thisgivcs 

F % - -HB' = -(9.00 A) (0.250 mX - 0.985 T) = 2.22 N and J\ = UB t = (9.00 AX0.25O m)( -0.242 T> = -0.545 X.. 

- 0 . sance the wire is in the r-direction. 

<b> F - N | F; tf ; - ^(2.22 NF+<0.545 N y - 2.29 N. 

Evaluate: F must he perpendicular to the current direction, so F has no r component. 

27.75. IDENTIFY: For the loop to be in equilibrium the net torque on it must h: zero. Use Iiq.(27.26‘| to calculate the 
torque due to the magnetic field and use I:q.( 10.3) for the torque due to the gravity force. 

Set Up: See Figure 27.75a. 

y 

Use =0. where 
point A is at the origin. 

Figure 27.75a 

Exec ute: See Figure 27.75b. 

T m - mgr sin £ - wgl 0.400 m)sm30.0° 

The torque is clockwise; z ^ is 
directed into the paper 

Figure 27.75b 

For the loop to h: in equilibnum the torque due to R must be counterclockwise (opposite to T m/ I and it must h: 
that z k = r^. Sec Figure 27.75c. 

T k - fd * B. Fee this torque to be 
counterclockwise ( t k . directed out of the 
piper). B must h: in the *t_r-direction. 

Figure 27.75c 
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27.76. 


27.77. 


r* - fjB* inp - MB *in60.0 p 

r, - r^, give* M0sin6O.O° = «g(0.0400 m (sin 30.0° 

/w =(0. IS gem) 2(8.01) cm -t 6.00 cm) a 4.2 g - 4.2 x 10 ' kg 
/I a (0.800 m|(0.0600 m) = 4.80* 10 1 m' 


mg (0.0400 m)|*in 30.0°) 

MMn 60 . 0 * 

(42x10 kg>19.80 mi* 1 1(0.0400 mInn20.0 1 

B -- 0.024 r 

(S.2 A)(4.80* 10 ‘ m-Ism60.0’ 

Evaluate: As the kop swings i^i the torque due to B decrease* to mo and the torque due to mg increases 
from zero, so there must he an orientation of the loop where the net torque i* zero. 

iDf.vlltY: The torque exerted by the magnet*: held is t - ji' m B. The torque required to hold the loop in place i* —f. 
SETUP: p - IA. p i* normal to the plane of the loop, w ith a direction given by tlx right-hand rule that is 
illustrated in Figure 27.32 in tlx textbook, r - JABsinfi, when: is the angle between the normal to the loop and 
the direction of B 

Execute: (a) r-/^*in6(r-<15.0 AK().O60mM0.0H(lmK0.4STisin6O : -0.030N m. in the -j direction. 
To keep the loop in place, you must provid: a torqix in the + j direction 

<l»l r - IAB sin 30°- (15.0 AM0.60mC0.080 mX0.48Tlsin30 r - 0.017 N -m. in the +) direction. You must 
provid: a torqix in the -j direction to keep the loop in place. 

Evaluate: <c) If the loop was pivoted through its center, then there would be a torque on both sides of the loop 
parallel to the rotation axis. However, the lever arm is only half as large, so the total torque in each case is identical 
to the values found in parts (a) and (b). 

iDEMltY: Use tq.(27.20i to calculate the force and then the torque on each small section of the nxl and 
integrate to find the total magnetic torque. At equilibrium the torques from the spring fcccc and from the magnetic 
force cancel. The spring force depend* on tlx amount a* the spring is stretched and then U - 4-tv* gives the energy 
stored in the spnng. 

<a) Set Up: 



Divide the rod into infinitesimal sections of 
length Jr. a* shown in Figure 27.77. 


Figure 27.77 


EXECUTE: The magnetic force on this section is dF } - JBdr and is perpendicular to tlx rod. The torque Jr due to 
the force on this section is Jr - rdF, - JBrdr. Tlx total torque is ( Jr - //J f rdr - IJI ! B = 0.0442 N• m. clockwise. 


<hl SET L’P: F f produces a clockwise torque *o the spring, 
spnng force must be to the left: tlx spring is stretched. 
EXECUTE: Find x. the amount tlx spring is stretched 
£ r - 0 . axi* at hinge, counterclockwise torque* positive 
(Ury*m53 D -4//fl-0 

,_ 01 _ (6.5I» A)( 0.200 m}|0.340 T) _ Q ^ , 

2J«n53.0° 2(4.80 Nfai)*n53.0 D 


i r. . 


1 - 


= 7.98x10 '1 

EVALUATE: The magnetic torqix calculated in part la) is the same torque calculated from a force diagram xn 
which the total magnetic force F, - JIB acts at tlx ccntcT of the nxl. We didn't include a gravity torque sirxc the 
problem xiid the rod had negligible mass. 





27*24 Chapter 27 


27.78. 


27.79. 


IDENTIFY: Apply F - // x B li> calculate the force on each sid: of the loop. 

SET UP: The net force is the x'cctcc sum of the forces on each side of the loop. 

Execute: <a> F /v ^f5 00Axo.600mx3.i»T»sima a u<)N. 

Ff, »(5.00 A)(0.800 m)(3.<X)T>sin<9<n = 12.0N . into the page. 

F, u -(5.X All 1.00m«-V00T>|0.S00.'l.00)- 12.0N ,.«it ofthe page 
(to) The net force on the triangular loop of wire is zero. 

(c) For calculating torque on a straight wire we can assume that the force on a wire is applied at the wire's center. 
Also, note that we arc finding the torqix with respect to the PR»ax is (not about a point), and consequently the lexer 
arm will be the distance from the wire's center to the a-axis, r - rF sin$$ gixes z, v ■= r(0 N) - 0, 

= (0m)f sin^-0 and = <0.3<M)mXl2.0 N)sio(9C 5 ) = 3.60 N m . The net torque is 3.60 N m . 


<d> According to Eq.<27.28). r - SUB - (1X5.00 A)(i)(0.600 mXO.SOO m)(3.00 T|>in(9tr| -560Nm. 
which agrees with pm (e). 

(e) Since F^ is out of tlx page and since this is the force that pnxluces the net torque, the point Q will h: rotated 
out of the plane of the figure. 

Evaluate: In the expression r - NfABsinfi . $$ is the angle between the plane of the loop and the directxm of 
B . In this problem. ** - 90° . 

IDENTIFY: Use liq.(27.20 | to calculate tlx force on a sheet segment of the coil and integrate over the entire coil 
to find the total force. 

SET UP: See Figure 27.79a. 



Consider the force JF on a short segrtxnt Jl at 
the left -hand side of the coil, as viewed in Figure 
27.69 in the textbook. The current at this point is 
directed out of the page. JF is perpendicular bath 
to B and to the direction of /. 


See Figure 27.79b. 



Figure 27.79b 


Consider also the force JF ' on a short segment 
on the opposite side of the coil, at the nght*hand 
sxlc of the coil in Figure 27.69 in the textbook. 
The current at this point is directed into the page 


The two sketches show that the .v-components cancel and that the r*conpoocnts add. This is true for all piirs of 
short segments on opposite sides of the coil. The net inagrxtic force on the coil is in tlx r-direction and its 
magnitude is given by F - j dF % . 

Exec ute: dF - IJiB*\n$. But B is perpendxular to the current direction so ^ - 90°. 
dF ^ dFcot 30.0 - JB cos30.<T dJ 
F-j dF, = /flco*J0.0 : [.7J 

Bui jdl = V( 2ar), the l Hal length of wire in the coil. 

F - IB cos3O0 D iV(2rr) = (0.950 A)(0.200 T»cm30.0'’|<SO)2 -t| 0.CO7S m) =0.444 N and F - -(0444 N )j 

EVALUATE: The magnetic field makes a constant angle xvith the plarx of the coil hut has a different direction at 
dilferent paints around tlx circumference of the cool so is not uniform. The net force is proportional to the 
magnitude of the current and reverses direction when the current reverses direction. 
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!7 


IDENTITY: Conservation of energy relates the accelerating potential difference V to the final speed of the torn. In 


itr 


the magnetic field region the khis travel in an arc ot a circle that has radius R - —— 

M* 

SET UP: The quarter circle paths of the two ions arc shown in Figure 27.SO. The separation at the detector is 
A»* - R . - ft. . Each ion has charge q - +c. 


\2l)\V M l2|o|r j2\q\mV 

Execute: (a) Conservation of energy gives loir - -mr‘ and v - . ■ 1 1 R - —~A 1 1 ■ , - 

v * m 

M = * f “ each itm - Ar* ~ •s/^T» • 


«*> V- 






(1.60x10 C*4.00xl0' m)'(0.050T> : 


2[^T.-ySl) 2|y: 99.10 1 kg -^2.66x10 " kg 

V a 3.32x10' V. 

EVALUATE: The speed of the “O ion alter it Ills been accelerated through a potential ditVerenee of 

V - 3.32 x 10* V is 2.00 x 10* m's . Increasing the aceekrating voltage increases the separatxm of the two isotopes 
at the detector. But it does this by iixrcusing the radius of the path for each ion. and this increases the required saze 
of the magneta; field region. 

Ar 



27.K1 


iDLMin: Apply dF - Idi x B to each side of the loop. 

SET Up: For each side of the loop. Jl is parallel to that side of the loop and is in the direction of/. Since the loop 
is in the .vy-p lane. r - 0 at the loop and R - 0 at the loop. 

Execute: (a) The nvignetic held lines in the yr-plane are sketched in Figure 27.81. 


|b> Side 1. that runs from (Cl 
Side 2. that runs from 

Silk 


. 0 ) to (0X(: F - jltB - B - ij \'" i 

(0X1 U>(IX): f “ ) IJI ‘B-1 j 

*x-r 

idc J. that mm from (LX) lo (£.0): F - j IJfxB-1 j ft' 1 **' (-/) - - ilB.Li . 

l*»L i.t.l 

Side 4. ilat mm from <£0) lo (0.0): F - j Ul -B-I j g|lt,l j-Q. 

(c| Tlie sum of all forces is f ^ — -IB it lj. 

EVALLATE: The net force on sxlcs 1 arxl 3 is zero. The force on side 4 rs zero, since y - 0 and z - 0 at that side 
and therefore B - 0 there. The net force on the loop equals the force on side 2. 
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27.82. iDEMIFY: Apply dF - Idl * H to each side of the loop. f-r*F 

Si:r UP: For each side ot* the loop, dI is parallel to that .side of tlu: loop and is in the direction of /. 
Execute: (a) The magnetic held lines in the .vy plane are sketched in Figure 27.82. 

<b) Side I. ihjt mm firm (0.0) to (0£): F - j/.tf - H - / j ti ‘ d '! »1 --jBUk 
Side 2. dial mm from «U) to (LX): F - ] Ml - B -1 f. ' .-l ' -A - ±IB,Lk. 


lo (L.O): F-j/<i/*B- /j ' 1 ‘"' * - 


Side J. that mm from (LX) 

Side 4. that mm from <£01 to (0.0): F - J Ml * B - I-* > — i- /0. IX 

(c) If free to rotate about the .Y-axis. the torques due to th: forces on sides 1 and 3 cancel and the torque due lo the 


forces on side 4 is zero 


For side 2. I - Lj . Therefore* t‘-rxf • LUl-i - LIABi 


(d) If free to rotate about the t*a\is. the torques due to th: forces on sides 2 and 4 cancel and the torque due to the 

l! - 


forces on side l is zero. For side 3, r - Li . Therefore* r - r x F • 


m - « 




Evaluate: (e) The equation for the torque r - n x If is not appropriate, since the magnetic field is not constan 





Figure 27.82 

27.83. iDt.MIfrY: While the ends of the wire arc in contact with the mercury and current flows in the wire, th: magnetic 
field exerts an upward force and the wire has an upward acceleration. Afier the ends leave the mercury the 
clectrval connection is broken and the wire is in free-fall. 

(aj SET Up: After the wire leaves the nxteury its acceleration is downward. The wire travels upward a total 
distance of0.350 m from its initial position. Its ends lose contact with th: nvreury after the wire has traveled 
0.025 m. so the wire travels upward 0.325 m after rt leaves the mercury. Consider the motion of the wire after it 
leaves the mercury. Take fy to be upward and take the origin at the position of the wire as it leaves the mercury. 
a, - -9.80 m's\ y-y 0 = +0.325 m, v *0 (at maximum height)* v 4% =? 


Execute: v 0 , = ^-2*,(>—>«> = y]-2(-9. 80 ms : )(0.325 m) = 2.52 m s 

(b> SET L’P: Now consider the motion of the wire while it is in contarl with the mercury. Take *v to be upward 
and the origin at the initial position of the wire. Calculate the acceleration: y-y# - -tO.025 m* \\. f - 0 (starts from 
rest )* \\ - +2.52 m's (from part (a)). a t -? 


*?-»£,+ 2i. (>—>.> 


Exec t it: 


- < 2 -” 127 mV 


2IV-V,) 2(0.025 m> 




Magnetic Field and Magnetic Forces 27-27 


27.84. 


27.85. 


SET UP: The free-body diagram tor the wire is given in Figure 27.83. 

v Execute: =ma, 

F M -mg*ma t 
lib - /w( g + a | 


■t 


f b - m 


Figure 27.8.3 


£ 


f is the length of the horizontal section of the wire; /-0.150m 
, (5.40x10^ kgK9.80nv*»» 127 m's*) ? cp ^ 

(0.150 mMO 00650 Ti 
(c> IDEMIFY and SET UP: Use Ohm’s law. 

V 1.50 V 


EXECUTE: l -IR jo R -0.198 0 

/ 7.58 A 

Evaluate: The current is large and the magnetic fccce provide a large i^iwoni acceleration. During this 
upward acceleration the wire moves a much shorter distance as it gains speed than the distance is mines while in 
free-fall with a much smaller accclcraticei. as it loses the speed it gained. The large current means the resistance of 
the win: must be small. 

iDEA'Ilfr^ and SET UP: Follow the procedures sped hod in the problem. 

Execute: (a) di - dii , where / is a unit vector in the tangential direction. Jl - RdO^-iiaOi -t cos#]. Note 
that this implies that when 0 - 0. the line element points in the *y -direction, and when the angle is 90\ the litx 
element points in the .r-darcction. This is in agreement with the diagram. 
dF - IdI - ft - l/U0[ - sin rt . cotOj] «(ft j ) - /ft. RdO | - cot Ok 1. 

It it 

(It) / - | -oo tOIB.R dOk - -/fl.ft j emOdOk -0. 

(c> dr-rxdF - ft(cw« -*inffi)»(/fl ft d«-«nft»l)--ft'/ft,iW(nnftccBft : -cw’M» 


'It 


(d) r - J di - -R 1 lb. | J sin fleosMV - | cos 1 BdOf - IR : b, - 


!> sin 2 O f - 


/ . r - JR'B .i i - IzR'fi j - /Ak * bi 


/it 


and r - ji* B 

EVALUATE: Section 27.7 of the textbook derived f - p' B for the case of a rectangular coil. This pcefclcm 
shows that the same result also applies to a circular coil. 

(a) IDENTIFY: Use E;q.(27.27> to relate U, fi and B arc! use Eq.(27.26) to relate r. jj and B We also know thit 
flj = + B? + Bj. This gives three equations for the three components of B 

SET Up: The loop and current are shown in Figure 27.85. 

y 

fi is into the plane of the 
paper, in \bz z direction 


Figure 27.8$ 

fj --fsi = -/-(A 

(hiEXECUTE: r /X*4f : -3/i. where />>0 



fA - -IAk. B - BjrB j+B.k 

r (-lAM'k xi * B'kxjrbi *k) - lABJ-JAbj 

Compare this to the expression given for f : IAB, - 4 D so B, - 4 DSIA and - JAB, = -W so B . = 3 DI l\ 
b doesn't contribute to the torque since /j is along the r-direction. Ikil b - ft and B\ ~ =££: with 

B l . = iw:t.1. Thio ft ->t(D/IA)JU>9-9-t6-H2(D.<IA) 

That U - -ft ft i* negative determines the sign of ft, : U --p ft - ~l-lAk) lB.i -tBJ + B.k) - r!AB, 

So V neguive says lhal ft n negative. and thus ft, = ~12DIIA. 





27-2* 


EVALUATE: p is along the r-axis so only & and# contribute to ihc torqix. B k produces a r-component of t 
and B t produces an x component of %. Only B affects L\ and IS is negative when p and B are parallel. 

27.8*. iDEVnFV: / - —£ and u * IA. 

Af 

SET Up: The direction of p is given by the right-hand rule that is illustrated in Figure 27.32 in the textbook. / is 
in the direction of flow of positive charge and opposite to the direction of flow of negative charge. 

tfii .Vi a v ^i* 

Execute: (■)/_- — - — = —- 

dl Af 2 xr 3 xr 

(c) Since thrre arc two down quarks* each of half the charge of the up quark, /i, mp^ -—^ Therefore, p ud --—. 

v.jg.. -7.55x10* m/%. 

2er 2(1.60 x 10 ,v CHI .20x10 m) 

Evaluate: The speed calculated in port <d ) is 25% of the speed of light. 

27.87. IDENTITY: Eq.(27.S> say's that the magnetic field through any closed surface is zero. 

SET UP: The cylindrical Gaussian surface has itx top at and its bottom at z - 0. Tie rest of the surface is 
the curv ed portion of the cylinder and has radius r and length /„. B - 0 at the bottom of the mrfacc. since z = 0 
there. 


Exec hi. 


It: (a) jt dA= j B dA+ j B dA - J (/U.),/A r J BdA = 0. Thin give* 0 - pLar‘ + B i Zrr£ , and 


w-f 

(H| Tlie two diagrams in Figure 27.87 shiyw viewx of the field lines from the top and sxle of the Gaussian surface. 
EVALUATE: Only a portion of each field line is shown; the field lines an: closed loops. 




Figure 27.87 

Idem in: IS - -p B . In part (b) apply conservation of energy. 

SET UP: The kinetic energy of the rotating ring is K - ^Im' . 

EXECUTE: <a)At/=-<A r fl-A *}—</»,-*>^«=[-A(-*-(-OW»0.6y»][B 1 (12i + 3;-4*|], 


\U - MflJ(-0.8)(-H2) -(0.6M-31 IK-411 = 112.5 AX4.45* 10 * nT*0.0l I5TM-11.81 


At/ ■—7.5Sx 10"*J. 

WAK-ito*.— jE*. 1 ^.SS.'O-J) „,,n. Al . 

2 V / yS.SOx 10 kg m 

EVALUATE: The potential energy of the nng decreases and its kinetic energy increases. 


42.1 rads. 


IDENTITY and SET Up: In the magnetic field* R -Once the particle exits the field it travels in a straight line 

i/B 

Throughout the motion th: snxd of the particle is constant. 


Execute: (■)#-_ 


13.20-10 " kgK 1.45x10* nv*I 
(2.15-10 ‘ 00.420T) 


-5.14m. 
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27.90. 


27.91. 


(b) See Figure 27.89. The distance alone the cane. is given by d - RO . sin#-. so 

5.14 m 

d 0.25 m 


0=2.78"-0.018b rad d - RO - (5.14 mXO.Oi86 radl - 0.25 m. And / - - - 1.72*10 V 

v 1.45x10 mfr 

(c> Ar, -«/un|0>2) = (0.25 m)lan <2.79®/2) = 6.08« 10 ' m. 

(<1> At - At -t A\\ . where At.. is the horizontal displacement of the pirticle from where it exits the field region to 
where it hits the wall. Ay. - (0.50 m »tan 2.79' - 0.0244 m. Therefore. At - 6.0S x 10 m + 0.0244 m - 0.0305 m. 
Evaluate: d is much less than R . so th: horizontal deflection of the particle is much smaller than the distance it 
travch in the v-dircction. 



Figure 27519 


IDEVIIFY: The current direction is perpendicular to B . so /* - UB . If the liquid doesn’t flow, a force 
from the pressure difference must oppose F. 

SET Up: J * l A. where A = kw. 

Execute: (a) A/? - FfA - UBfA - mb. 

Ap <1.00aimKl.013xlO' Paalnl 




- I.32xlv A/m”. 


(0.0350 mH2.20 T) 

Evaluate: a current of I A in a wire with diameter 1 mm corresponds to a current density of 
J - 1.36x 10* Am*, so the current density calculated in part (c| is a typical value fc* circuits. 

IDENTIFY: The electric and magnetic fields exert forces on the moving charge. The week dnne by the electric 


field equals th: change in kinetic energy. At the top poant. u.-and this acceleration must correspond to the nee 

R 

force. 

Set Up: The electric field is uniform so the work it does for a displacementy in they-direction is ft' - Fy - ^£v. 
At the top paint. F a is in the —y-direction and F k is in th: fy direction. 

EXECUTE: (a) Th: maximum speed occurs at the top of the cycloidal path, and hence the radius of curvature is 
greatest there. Once the motion is beyond the top. the particle is being slowed by the electric field. As it returns 
toy - 0. the speed drercascs. leading to a smaller magnetic force, until the particle stops completely. Then the 
electric field again provides the acceleration in the v-dircctxm of the particle, leading to the repeated motion. 




|h> W - qEy - -wi' and »• 

|c) At the tcp. F % - qE - q\B - -^-- - -qE. 2qE - qvB and v - —. 

R 2 y itt B 

EVALUATE: The speed at the top depends on B because B determines the y-displaccmcnt and the work dooc by 
the electric force depends on the v-displaccmcnc. 
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28 . 1 . IDENTIFY and SET UK Use Eq.(28.2) to calculate B at each point. 

• f\<n'xr . I 


n ----since r - — 

4.r i* 4.t r r 

i* s ( 8 . 00 x | 0 '' m»s)/* and r is the vector from tlx- charge to tlx- point where the field is calculated 
Execute: (a) r s (0.500 m)/, r -0.500 in 
v x r m vrj x J • -irl 

ho,.. , , l (6.CO»IO-*cM8.<IO.IO'm'i). 

--Jl.il) Tnv'Ai:---A 

4*7 (0.500 m)’ 

fl = -(l.92« 10 ’ T)* 

(I,) r m -(0500 m)/, r-0.500 m 

v x r - -it; x / • 0 and /J — 0 . 

(c> r=(0.5ttlm)A. r-0.500 m 

V x r -1 // x A - iTf 

|6.00»10“ C)(s.00xl0‘ mfe). , , . 

« = (Ixl0 T• mA).___L«-*-(1.92x10 ‘ T)i 

(0500 m) ' 

(d) ✓ ■-(0500 m)j +(0.500 m)*. r- ^(0.500 in)" .(0.500m) ! -0.7071 m 

v x r - v( 0.5(0 m)(-/ xj+j x * | - (4.00 *10* m J il)/ 

|6.00«10” C|(4.00*I0‘ mi'*). , 

fl = (l<IO T-m'Al--- -i = r(6.79> 10 T / 

' (0.7071m) ’ ' 

EVALUATE: At each point B is perpendxular to both v and r. 8 - 0 along the direction of v. 

28.2. I DEN’Ilf V: A moving charge creates a magnetic field as well as an electric field. 

SET UP: The magnetic field caused bv a moving charue is B - •' * ' . and i| N electric field is £-!—— 

4* r J 4,t^, r* 

since q • c. 

Execute: Substitute the appropriate numbers into the above equations. 

0 u ovun^ 4 tx| 0 r T mAll.60x|0‘•CX2.2xl0'm’s)sin90° t _ _ 

B - —-1-- 13 T. out of tlx* page. 

4.t r* 4 .t (5.3x10 m)* 1 * 

„ I e (9.00x |0 V N* m^C^Ml.60x10 " C| rt It _ 

£-- 1 5.1x10" NC ? toward the electron. 

r (5.3x|0 ‘ m)* 

EVALUATE: There are enormous farld* within the atom! 

28.3. IDENTIFY: A moving charge creates a magnetic field. 

SET UP: The magnetic field due to a movinir charue is B - ^ 

;** 
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28.4. 


28.5. 


28.6. 


EXECUTE: Substituting numbers into the above equation gives 

//. <j\ sm<( 4 .tx 10 T m A (1.6x10 w CK3.0xI0 m s)sm30 

(a) B ---:-:-—;-:- 


4«t r 


7 


( 2 . 00 x 10 in I 

B - 6.00 x 10 T. out of the paper, and it is the umc at point B. 

|b)/J-(l.00x 10 ? T m’AK!.60x 10‘*CK3.<)0* 10 ? msV(2.00 x |0'*m) 3 
B - 1.20 x 10 I out of the page 
(c)fi-OT since sin* 18m - 0. 

Evaluate: Even at high speeds, these charges produce magnetic folds much less than the Earth's mignctic 
field. 

IDENTITY: Both moving charges produce magnetic folds, and the net field is the vector sum of the two folds. 
SET UP: Both folds point out of the paper, so their magnitudes add. giving 

fl-fl.rt. * B d - ^lr(fiin40 , »2filnl40 D ) 


EXECUTE: factoring out an c and putting in the numbers gives 

„ 4.r*IO T-mA(1.60x10 "CW2S0. lO'mNi 


i.r 


(1.75x10 *m)- 


'in40"'2tinl40’| 


.8 - 2.52 x 10‘ ‘ T = 2.52 mT. mil of Ihc 

EVALUATE: At distances sen’ close to the charges, the magnetic field is strong enough to be important. 

IDENTIFY: Apply B-!L?ilL. 

4z r 

SET UP: Since the charge is at the origin, r - xi t- yj + zk. 

EXECUTE: (a) v -vr.r -ri; IX r - 0. B -0. 

(h) v - vi. r • iy; i : xr- vrk % r - 0.5CO m. 

, [)<„ jkl' < l 0 ‘ 10 : N ,’.C-K4.A0xl0* CH6.8Q.IQ 1 m*l f T 

\4t/? (0.500 m) ; 

q ts negative, so B - -(1.31x10 * T)k. 

(cl i» - vi\#» - (0.500 m)(/ ♦ h x| * - (0*500 m)v*. r ^ 0.7071 m 

V, u (1.0x10 : N s J .'C #> K4.S0xl0 ‘ C)|0.500 mK6 80* 10' ms> 


gJIkM/O 


(0.7071 mf 

/*-4.62xl0 T T. B --(4.62x 10° TlA. 

(cl t v - w*. r - rk s vxf — - yrj* r - 0.500 m 

, fn agx]0 N ■ l <4j0xl0 CK&gOxlO nv») , ,,.., A . T 
WrJ >- (0.500 ml- 

B- (1.31x10 ^ T)/ 

EVALUATE: In each ease. B is pcqx-mhcular to both r and v 

IDENTITY: Apply B - —--- For the maunctic force, applv the results of Example 28 1. except here the two 

4s r’ 


charges and velocities arc different. 

■ I 

SET Up: In part (a}. /• - d and r is perpendicular to ¥ in each case, so * ——I - —- 

y k d' 

between the charges, r - 2 d. 

EXECtilE: (a) fl - B B - £-{ £1 -111. 

4 x\d‘ d‘ ) 

„ ' is 0- 10 1 Cn4 5- id* m >1 <vo-nr < :.■>»- n/ T 

4c ( <0.120 mV (0.120 mf' I 


For calculating the force 


Tlie direction of B is into the page. 
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2S.7. 


28.8. 


(b) Fallowing Example 2S.1 we can find Ihc magnetic force between the charges: 

tfW , 18.00 X10 '• CH3.Q1 - 10 “ CH4.S0 x 10'm,'* X9.00 » 10‘ m/t I 

- 4t r ; ' (0.240 ml' 

F g - 1.69 x 10 1 N. The force on th: upper charge points up and the force on the lower charge points down. The 

Coulomb force between the charge* ,* F. -<Mi- (8.99x 10* N m'/C*) < s > ‘* 10 ‘ C| . j.75 N . 

The force on the upper cturge points up and the force on the kower charge points down. The ratio of the Coulomb 

force to the magnetic force is —---- - 2.22 x I0 k ; the Coukimb force is much larger. 

F> t|Vj 1.69x10 *N 

(h> The magnetic forces arc reversed in direction when the direction of only one velocity is reversed but the 
magnitude of the force is unchanged. 

Evaluate: When two charges have the sans: sign and mow xn opposite directions, the force between them is 
repulsive. W hen two charges of the same sign move in the sune direction, the force between them is attractive. 

IDEVIIFY: Apply B - ^—•——— for the magnetic force cci q , use f, “ q'w x B t and for the magnet*: force on 
tf use F a - qv * B % .. 

|#X|»| |f 

SET L’P: In pari <ak r - d and 1-!-- 

y d‘ 

t 

EXECUTE: (a) <f - - q .; ». - ML. into the page; H. - ML. .HU of Ibe page. 

4rrf* diri/* 

(i) v = 1 gives B - * ~t)* 4 inU > P a B c (»*)v - v gives B - 0. 

(iii) » / - 2 v gives B - -iiH-. out of the page. 

4w 

i I Q y y 

(b) The force that q exerts on q is given by F “ q v x B t . so F - -—— B t is into the page, so the force on 

q is toward q. The force that (f exerts on q is toward q\ live force between the two charges is attractive. 

|c> /• - M ".. r -_ q *i> — = u «»V■ «t( 3 . 00 x 10 1 mtel’-I.OOxIff 4 . 

* 4«2rf)‘ c 4xe,(2J)’ F f 

EVALUATE: When charges of opposite sign move in opposite directions, the force between them is attractive. For 
the values specified in part <cV th: imgnetic force between the two charges is much smaller in magnitude than the 
Coukimb force between tlvm. 

IDF.VI1FY: Both moving charges create magnetic fields, and the net field is the vector sum of the two. The 
magnetic force on a moving charge is - i/» //stnp and the electrical force obeys Coulomb's law. 


SET Up: The maunetic field due to a moving charuc is B 


K. qmnt 
4.T >' 


Execute: (a) Both fields are into the pice, so their miciutudes add. giving 




. M. 


rv ci 


UI7-T- 


»iti9(r 


- *L( 1.60x10 lv C)(K45.000m s> -1-4- ! - 

4* l<5.00xl0 v m) (4.03x10'mi¬ 


ff^ 


B - 1.39 x 10 ; T - 1.39 mT. into the page 
- . where r - ^51 nm and IS 0 ° - arcfc 
l.rxlO ? T in A (1.6x10 ,v CK845.Q0D m.'s)sin 128.7* 


(b) Using B - ■ " U . where r- Ji\ nm and 180° - arctanfSi'4) - 128.7°. we get 
4/T r* 


v41*IO 


- 2.58 x 10 4 T. into the page 


(v’4l * iu m) 

(c> F atm - q\B sin90° -<1.60x 10 * CXS4S.O30 m s)(2.SSx 10 4 T| = 3.48x 10 * N. in the «.vdirection. 

^ -,l tutf .V _l9.fl0x|0-N-m--.T-'Nl.t0» l 0-"C)» B5Jgx , 0 . l> N slJ o ^ lbc +MxklDeraed 

(VJI.10- m>- 

clockwise. 

EYA1.CATE: The electric force is much stronger than the magnetic force. 
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28.9. 


28.10. 


28.11. 


tDEVIUY: A current scgircnt creates a nugnctic field 

// A//sin C* 

SET UP: The law of Biot and Savart give* JB - 

4.7 r* 

Execute: Applying the law of Biot and Savart give* 


(a) <iB - 


4r x 10 T nvA f 100 AH0.00I10 ml *in90 o 


- 4.40 x 10 T. out of the paper. 


4n (0.0500 ml* 

(b) The same » above. except r - J|5.00 cm)*' ^<140 cm)' and ** - arctan(S.' 14) - 19.65%giving JB - 1.67 x 10 *T 

nut of tfv page. 

fc) -0 since <*- 0 °. 

EVALUATE: This is a very .small field, but it comes from a very simll segment of current. 


Identify: Apply dB- h ' 


* r 


. A- 


!dl xf 


4.t r 


4* r 


SET Up: The maunitude of the field due to the current element is dB — -—. where & is the anule between 

Az r 

r and the current direction. 

Execute: The magnetic field at the given points is: 

JB _ )t, _ )i, (2(OAKO.COQilOOm) 2 00> , 0 . T 

" Ax r Ax <0.100 m)* 

^ A,O.QW>IIO. r.„'c45 

4r r' 4.t 


2(0.100 m)' 


« — 1 :il °-" 01 '" 1 KWI m > -: < h >„! 0 • i 

4.T r‘ 4.T (0.100 ml* 


dB K M, W/*i"<0 : l „ 

4r /' iz r‘ 

JB - **" _ M, (200 A 1(0 (M100 _ Q ^ 

' 4s r' 4? 3(0.100 m)‘ v '.i 

Tlie field vectors at each point arc shown in Fiuurc 28.10 



Figure 28.10 

Identify and SET Up: The magnriic field pcodixcd by an infinitesimal current clement is given by Eq.(28.6). 

dB = --— As in I:\amplc 28.2 use this equation for the finite 0.500-mm segnvnt of wire since the 

4.e r m 

AJ - 0.500 ram length is much smaller than the distarxes to the field points. 
ft - A xr //, /A/ x r 

M Ax 7 4.T 7 

/is in the +r-direction, so A/ -(0.500x10 1 m|i 

Execute: (a) Field point is at x - 2.00 m. y - 0. r - 0 so the vector r fn>m the source point (at the origin) to the 
field point is r •( 2.00 m)i. 

AJ xr *(0.500x10 ' m)(2.00 m)h x/« r(l.00x10 * m*)/* 

. (1x10 1 T mA|(4.D> AWl.OOlxlO * . t 

- hJ - T » 
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28.12. 


28.13. 


28.14. 


28.15. 


(b) »-( 2.00 m)/ r - 2.00 in. 

.Mxi -(0.500-10 ' m)|2.01 ml* xy'- -(l.00> 10 ' m 1 )/ 

. (ixlO' 1 T m'A|(4.00A)(l.00<10 1 m ! ). , 

»- - i (5.00-10 'T/ 

( 2.00 m) ’ 

(c> r — ( 2.00 m)(r » y). r-<J 2 [ 2.00 m). 

M x' -(0.501x10 1 m)| 2.00 mil x|f *“(I.OOx 10 1 m : )(y‘ /) 

(1-10 r m'A||4.00A)(l.OO-IO „ ... .. 

- V ' H -™" t K '- j ) 

(d) f -< 2.00 m)£, r - 2.00 m 

A/*#*-(0300x10 ‘ mX2.00mtf xA -0: /?-0. 

Evaluate: At each point B is perpendicular u> both r are! M . B - 0 along the length of the wire. 
iDt.MItY: A current scgnvnt create* a imgnctic field 


SET UP: The law of Bkx and Savart gives »JB - 


u Mis\nf 


4* r 

Ikith fields arc into the page, so their magnitude* add. 

Execute: Applying the law of Ilk* and Savart for the 12.0-A current give* 

Bn , f (4 < 12.0 AM 0 . 001 50 m.; 2 '' — 

4,xl0 T m»A Ls.OOcm;,^ . Q . T 


I- 


(O.OSOO mV 


The field from the 24.0A segment is twice thi* value. so the total field is 2.64 x 10 T. into lb: page. 

Evaluate: The rest of each wire aho produces field at P. We have calculated Jutf the field from the tw o 
segments that are indicated in the probVrm. 

Idem itY: A current scgn»mt create* a imgnetic held. 

SET L*P: IK- law of Biot and Savart gives dB - » ’ >,t Bixh field* an: into the rxige. *o their magnitude* add. 

4* r 

Execute: Applying the Biot and Savart law. where/- - 1 J(3.00cm)‘ +<3.00cW - 2.121 cm. we ha\e 


-2 


4x x 10 T nVA <2K.O AK0.00200 mbin 45.<T 


- 1.76 x 10 T. into the paper. 


4x (0.02121 m)* 

EVALUATE: Even tlxiugh the two wire segnxnts are at right angles, the magnetic fields they create arc in the 
*amc direction 

Idem itY: A current scgrwnt create* a imgnctic field. 

H IdismA 

SET UP: The law of Biot and Savart give* dB -All four field* are of equal magnitude and into the 

4* r‘ 

page. *o thrir magnitudes add. 

4x x 10 1 T • nv A (15.0 AK0.00120 m> sin90 : 

4x (0.0500 mf 


Exuct ti: do - J 


- 2.S8 x HI ‘ T. inli> Ibc page 


EVALUATE: a small current element causes a snull magnetic fWld. 

Idem it Y : We can mtxlcl tlie lightning bolt and the household current as very long curTent*carrying wires. 

SET L’P: The magnetic field produced by a long wire r* B - —— 

2kt 

EXECUTE: Substituting the numerical values u.ivc* 

C-'O’T ^20.000A). >k|C «t 
2r( 5.0 ml 

^■.O TmAn.OA.^o^Q, 

2.u0.050 ml 

EVALUATE: The field from the lightning bolt i* about 20 times a* strung as the fWl&l from the household current. 
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28.16. 


28.17. 


28.18. 


IDENTIFY: Hie long current carrying wire produces a magrelic field. 

u t 

si:r UP: The magnetic field due to a king wire is B - 

2 rr 

Execute: lilt find the currenl:/-(J.SOx I0“cl*)(l.60 * 10 w C/el>-0.560A 


Now find the magnetic field 


(4xxl0 TnVAMO.560 At 
2 .t< 0.0X0 m) 


- 2.80 x 10 T 


Since electrons are negative, the conventional current runs from cast to west, so the magnetic held above the wire 
points toward the north. 

Evaluate: This magnetic field is much less than that of the forth* so any experiments involving such a current 
would have to he slucl&d from the Earth's magnetic field* or at least would have to take it into consideration. 
IDENTIFT: The long ament'carrying wire produces a magwtic field. 

SET UP: The magnetic field due to a long wire is B - 

2tt 

Execute: first solve for the current, then substitute the numbers using the above equation. 

(a) Solving for the current gives 


I -2r rW/t, - IriO.O’OO mM 1.00-10 ' T|’|4 t -10 TnvA> = 10.0 A 


<l>) The earth’s horizontal field points northward, so at all points directly above the w ire the field of the wire would 
po«nt northward. 

(c) At all points directly cast of the wire, its field wxiuld point ixuthward 

EVALUATE: Even though the Earth’s magnetic field is rather weak, it requires a fairly large current to cancel this 
field. 

IDENTIFY: For each w ire B - (Eq.28.9). and the direction of B rs given by the neht harxi role (Fig. 28.6 in 

2 rr 

the textbook). Add the field vectors for each wire to calculate the total field. 

(a) SEI Up: The two fields at this point have th: directions shown m Figure 28.18a. 

EXECITE: At point P midway betw een 
the two wires the Melds B , and B. due to 
the two currents are in opposite directions* 
so 


Figure 28.18a 



But B - B. - —. so B- 0. 

2 xa 

(h) SET Up: The two fields at this point have the directions shown in Figure 28.18b. 


V 






Figure 28.18b 


Execute: At point Q above the upper 
wire /f, and B. are both directed out of 
the page <+r-direction). so B - B + B.. 


2xa * 1t(3o) 


2.7J 3 xa 


2M/- 
3 KQ 
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28.19. 


28.20. 


28.21. 


(c) SET UP: The two fields at this point have the direction* shown in Figure 28.18c. 


•2 


Execute: At point R below the lower 
mre /? and B. are both directed into the 
[Mge <-r-direction), so B-B + B.. 


Figure 28.18c 


JfiL, b, = *L 

2xtia) 2.™ 


4- 






2u.l 




J.zu 3tu 


EVALUATE: In the figures we have drawn. H due to each wire is out of the page at points above tbe wire and into 
the page at points below tlx wire. If the two field sectors arc in opposite directions the magnitudes subtrart. 
lutvnn: The total magnetic field is the sector sum of the constant nugnctic field and the wire’s magnetic field. 

SET UP: For the wire. B - —- and the direction of B t44 is given by the right-hand rule that is illustrated in 

2tt 

I igurc2S.6 in the textbook. ■<1.50x10 * T)f. 

Execute: u>Ai 10.o. l ml. B-B -UlLj -ilSOxHr*Tlf- w>,80 ° A) i —(1.0.10-’Ttf. 

2 jzr Irll.tXl m) 

|l» AKIm. 0. 0). fi - fl -t £U - (1.50-10 * 1> : . |S 0(I A » j, 

■ 2.TC 2*1.00 m) 

fl -<l.50« 10 * T|i" »(1.6« 10 * Tii - 219-10 * T. a» ((-46.K : ftum.i to: 

|c> At (0.0. -0.25 ml. A- B.t&Li -11.50-10* T>j - — /-(7.9-10* TV. 

2 xr 2x<0.25m> 

EVALUATE: At point c the two fields are in the sanx direction and their magnitudes add At point a they are in 
opposite directions and tlxir magnitude subtract. At point b the two fields arc pcrpvndxuLir. 

IDENTITY and SET UP: Tlx magnitude of B rs given by Fq.{28.9) and the direction is given by tlx right hand xulc. 
(a) EXECUTE: Viewed from above, the current is in the direction shown in Figure 28.20. 

N 

Directly below the wire the direction of 
' “ E the magnet k field due lo the cuncnt in 

the wire is cast. 


Figure 28.20 

B-«L-a • /K00A 


Xll) r nvAi 

2 xr \ 5.50 m 


- 291x|Q'T 


(b) Evaluate: B from the current is nearly equal in magnitude to the earth’s field, so. yes. the current really is a 
problem. 

IDENTIFY: B - —- Tlx direction of B is given by the nght-hand rule in Section 20.7. 

2rr 

SET UP: Call the wires a and 6. as indicated in Figure 2K.21. The magnetic fields of each wire at points P \ and Pz 
ire shown in Figure 28.21 a. The fields at point 3 arc shown in Figure 28.21b. 

EXECUTE: (a) At P . B -B t and the two fields are in opposite directions, so the net field is zero. 

(b) B k - and B, are in tlx same direction so 

It/- 2 xr 


B-B 


fAJl 1 II <4^x10 T-mAX4.00AV 

It 


2 .t 10.300 m 0.200 m 

B has imgiutude 6.67 u T and is directed toward the top of the pane. 


&.67 x 10 T 
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(c) In Figure 28.21b. B t is perpendicular to r A and ft is perpendicular to r % . tan 0 -and 0 - 14.04°. 

20 cm 

--ft- 

K4*x|0 ’ T nt AKCO A)co*14.04 


7.54 iff 


r A -r s - ^40.200 m X + 10.050 m>* - 0.206 m 

& - B cos0+ jS cos0 - 2B c osO - 2t JllL 

- * " \ 2 rr ; 2,t( 0.206 m l 

H has magnitude 7.53 §f \T and is directed to the left. 

EVALUATE: At points directly to the left of bath wire* the net field is directed toward the bottom of the pace. 



Figure 28.21 


28.22. IDEM in: Use fcq.(28.9> and th: right hand rule to determine points w here the fields of the two wires cancel. 

<a) SET Up: The only place where the magnetic fields of the two wires arc in opposite directions is between the 
wires, in the plane of the wires. Consider a point a distance x from the wire carrying /> — 75.0 A. B hi will he zero 
where - By 


Exec lie: 


2r(0400 m-v) 2.T.r 


28.23. 


x - 0.300 m; B k4 - 0 along a line 0.300 m from the wire carrying 75.0 A and 0.100 m from the wire canying 
current 25.0 A. 

<l>) SET UP: Let the wire with /, - 25.0 A he 0.400 m above the wire with /> - 75.0 A. The magnetic fields of 
the two wires are in opposite directions in the plane of the wires and at points above both wires or below both 
wires. But to have /?, - B : must be closer to wire #1 since /,</%. so can have 5^-0 only at points above both 
wires. Consider a point a distance x from the wire carrying /, - 25.0 A. B XA will be zero where B { - B,. 

Execute: —-—- 

2*j 2r(0.400 m + a) 

/>r = /.(0.400 m + i); j- 0.200 m 


B^ - 0 along a line 0.2CO m from the wire canying current 25.0 A and 0.600 m from the wire carry ing current 
/j = 75.0 A. 

EVALUATE: For parts (a) and (b) th: locations of zero field are in different regions. In each case the points of 
zero field are closer to the wire that has the smillcr cuncnt. 

Idem it v : The net magnetic field at the center of the square is the vector sum of the fields due to each wire. 

SET UP: For each wire. B - —— and the direction of B is given by the nght*hand role that is illustrated in 

2rr 

Figure 2S.6 in the textbook 

EXECUTE: (a) and (b) B - 0 since the rmgnctic fields due to currents at opposite comen of the squire cancel. 
<c> The fields due to each wire arc sketched in Figure 28.23. 

B - B, cm 45® * B, c*t*45' + fl a* 45" . fl.eco 45' - 4fl. cca45' - 4 j -£ji jco«45°. 


r = ,/l lOanl’ »(10cm> : - 10^2 
fl _ 4 (4T- | 0 1 m.'A) IICKI A) 
2 x< 0 . 10 /’ nil 


an - 0 . 10%'2 m. to 

co* 45° = 4.0 x 10 " T. to the left. 
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28.24. 


28.25. 


28.26. 


EVALUATE: In part (c) f if all lour current* ore reversed in direction, the net field .it the center of the square would 
be to the right. 





.V 


Figure 28.23 


iDLMin: Use Eq.(28.9) and the right hand rule to determine the field du: to each wire. Set the non of the four 
field* equal to zero aixl use that equation to solve for the fiekl and the current of the fourth wire. 

SET UP: The three known currents arc shown in figure 28.24. 


. © 


mu a 




B - r - 0.2(H) m for each wire 
2,Tr 


Figare 28.24 

Execute: Let o be lhepo*ilivej.<lircclian. /, - 10.0 A. I- - 8.0 A. /, - 20.0 A. Then H - 1.00.10 ' T. 
B. -O.SOxlO ' T. and 8, - 2.00x10* T. 

8,. a-I.OOxlO' 4 T.8. ( - -0.80x10 ' T. B„ = -2.00x10 ' T 

A+flu + A + A “0 

B„ = -,B„ r B,_ 1-8,.) = -2.0x10* T 

To give 8 in the ® direction the current in wire 4 muil he toward the bottom of the page 
>8. (0.200 mM2.0* 10 "T| 




2.0 A 


0/./2T) [ 2xtu T mAl 

EVALUATE: The fields of wires 1*2 and #3 are xn opposite directions and their net field is the same as due to a 
current 20.0 A K.O A ™ 12.0 A in one wire. The field of wire i*4 must be in the same dirccticwi as that of wire 81, 
ind 10.0 A*f J 4 = 12.0 A. 

Identify: Apply I ; .qX28.11 y 

SET Up: Two parallel conductors carrying current in the same direction attract each other. Parallel conductors 
carrying currents in opposite directions icpd each other. 


Execute: (a) F 


u,rrL m,( 5.00 AM2.0O AX 1-20 ml 


- 6.00 x 10 * N\ and the fcecc is repulsive sirxe thr 


2xr 2>T<0.400m) 

currents are in opposite directions. 

(b) Doubling the currents makes the force increase by a factor of four to F - 2.40 x 10 N. 

Evaluate: Doubling the current in a wire doubles the magneta: field of thal wire, for fixed magnetic field, 
doubling the current in a wire double* the force that the magnetic field exerts on th: wire. 

Identify: Apply Iiqx28.11 y 

SET Up: Two parallel conductors carrying current in the same direction attract each other. Parallel conductors 
carrying currents in opposite directions repel each other. 

^ ~ !,T = ,4.0 x 10 ' N/m) —= 8.23 A. 

* il 11 i • 


Exec he: 


gives /_ 

/. 2xr ■ L u.l 


«,(0.60A| 

(b| The two wire* repel so the currents are in opposite direction*. 

EVALUATE: The force between the two wires r* proportional to the product of the currents in the wires. 
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28.27. 


28.28. 


28.29. 


28.30. 


28.31. 


IDEM1FV: The lamp coni wires an: two parallel current-carrying wires. so they must exert a magnetic force on 
each ocher. 

Ski L t P: Fint find the current in the cord. Since it it connected to a light bulb, the pow er consumed by th: bulb is 

P - IV. Then find the fonre per unit length using FL - —— 

lx r 

EXECUTE: For the light bulb. 100 \V -A120 V) gives / - O.S33 A. The force per unit length is 

FL - '-.O 1 ■A.0.H»A^4 6 „ 0 ' N ,n 
2 x 0.003 m 

Since the currents are in opposite directions. the force is repulsive. 

Evaluate: Thts force is too small to have an appreciable effect for an ordinary coni. 

IDEVHFY: Apply Hq.<28.11) for the force from each wire. 

SET UP: Two parallel conductors carrying current in the same direction attract each other. Parallel conductors 
carrying currents in opposite directions repel each other. 

EXECUTE: On the top wire-——' — - — ——. upward On the middle wire, the magnetic forces earxel 

V L lx Id Id I \xd ^ 


so the net force is zero. On the bottom wire — - 


I- . downward 
l lx \ d Id) 4 xd 

EVALUATE: The net force on tb: middle wire is zero because at the location of the middle wire the net magnetic 
field due to the other two wires is zero. 

IDEM iiy: Tlic w ire CD rises until the upward force /] due to the currents balances the downward force of 
gravity. 

SET UP: The forces on wire CD are shown in Figure 28.29. 


** 


Currents in opposite directions so the force is 
repulsive and F. is upward, as shown. 


figure 28.29 


Fa<28.11 Isays F, - 


ri./*/. 


2 xh 

Execute: mg - ALg 


Thus F t - mg - 0 says--— ALg and /i - 


where L is the length of wire CD and k is the distance between the wires. 


IxgA 

EVALUATE: The larger / is or the smaller A is. the larger h will be. 




IDEMIFY: The magnetic field at the center of a circular loop is & - By symmetry each segment ot the loop 
that lias length A/ contributes equally to the field, so the fickl at the center of a semicircle ss T that of a full loop. 
SET UP: Since the straight sections produce no field at /*. th: field at P is a - 

EXECUTE: 0 —- The direction of B is given by th: right-hand rule: B is directed into the page. 

4 R 

E'VALLATE: For a quarter-circk section of wire the magnetic firld at its center of curvature is B - 

K R 

IDEMIFY: Calculate tb: magnetic field vector produced by each wire and add these fields to get the total field. 
SET UP: First consider the field at rprodured by the eunent /, in the upper semxircle of wire. See Figure 28.31a. 
I ^ ^ ft Consider the three parts of tins wire 

a: king straight seeticei. 

1 h: semicircle 



Figure 28JU 


c~ long, straight section 

Apply the Biot-Savart law JB - U ' " l *’ - M ' 8>/ * r to each pxec. 

4.7 r 4.7 r* 
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28.32. 


28.33. 


EXECUTE: nan See Figure 28.31b. 

♦V 


■ 




cN xr -0, 


Figure 28.31b 

The same is liuc foe all the infinitesimal segments that make up this piece of the wire, so B - 0 for this piece. 
part < See Figure 2S.31c. 

dl /, 

\ _ _f~* ~ ~ “* Jlxr- 0 . 

r so dS * 0 and B —0 for this piece. 

<0 

Figure 28Jlc 
part h See Figure 28.3Id. 

dl x r is directed into the paper for all infinitesimal 
segments that make up this semicircular piece, so H 
is directed into the paper and B - J dB I the vector sum 
of the JB is chained by adding their magnitudes 
since th^* are in the sanx direction). 

Figure 28.3Id 

The angle 0 between dl and r is 90° ami r - /?. th: radius of the scmicirek Thus L 1 x/U Rdi 



4.T A 4.T R' \ 4,t R 

(We used that j dl is equal to ir. R. the Vmgth of wire in the semicircle.) NVe have shown that the two straight 

sections make zero contnhution to B. so B t - fiJ^AR and is directed into the page. 

For current in th: direction shown in 
Figure 28.3 le. a similar analysis gives 
B % = u/, HR. out of the paper 


Figure 28.31c 


and B are in opposite direction*, so the mignitude of th: net field at f y is B -- B : | - 

Evaluate: When /, = / 2 , B =o. 

Identify: Apply I;q.<28.16k 

SF.T UP: At the center of the coil, x - 0. u is the radius of the coil. 0.0240 m. 


w, 

AR 


2 aB 


2(0.024 ml (0.0580 T) 
77 


2.77 A 


Execute: (a) B t - u. iV/.'2a. so/ - 

' /t,.V (4.TX10 T-m/A) (8001 

(b) At the center, iV//2a. At a distance v from the center. 

*• *• «W‘*- 

Since a -0.024 m. x *0.0184 m. 

EVALUATE: As shown in Figure 28.41 in the textbook, th: field lias its largest magnitude at the center of the coil 
and decreases with distance along the axis from the center. 

Identify: Apply E<}(2& 16k 

SET UP: At the center of the coil, x - 0. a is the radius of th: coil. 0.020 m 
EXECIIE: (»)« _^.A'/ ^<600)(0-5flH>A) =OJ „ |n .. T 

—" 2u 2(0.020 m) 

|b> fl(.i,- ^ M,.60QK0500AK0.020m)' M . m . T 

2 (*‘ tfl'r 2(10.OSO m)‘ *(0.020 m)')'' 

Evaluate: As shown in Figure 28.41 in the textbook, th: field has its largest magnitude at the center of the coil 
and decreases with distance alone the axis from the center. 
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28.34. 


28.35. 


28.36. 


28.37. 


28.38. 


iDEVnn' and Si:i UP: The magnetic field at a point on the axis of .Vesicular loops is given by 


2IA* 


~ 


. Solve toe A anil set v - 0.0601) m. 


Execute: .V- 


2 fL(* 2 2(6.39x10 4 T)[(0.0600 mf r<0.0600 m}*']’ 2 


K * 


(4* x 10 T • mAH2.50 AX0.0600 m) 


-69. 


Evaluate: At the center of the coil the field ix - - 1.8 x 10 T. The field 6.«l cm fn>m the center it a 

2 a 

factor of 1/2* : times smaller. 

Identify: Apply Ampere's law 
SETUP: //,=4.t*I 0 : T tn.A 

Execute: (a) js dl - 3.83x10"* T m and = 305 A. 

(b) -3.83x 10 4 T • m since at each point on the curve the direction of dl is reverted. 

Evaluate: The line integral dl around a clotted path is proportxtnal to the net current that is enclosed by 
tltc path. 

Identify: Apply Ampere's law. 

SET Up: From the right-hand rule, when going anxund the |\uh in a counterclockwise direction currents out of the 
page are positive and currents into the page are negative. 

EXECUIE: Path a: - Ds |fl dl - 0. 

= -/, a -4.0 A = jB di « -ft (4.0 A) - -S.03 «I O'* T - m. 

^ -/, -f /, - -4.0 A » 6.0 A - 2.0 A s fs Jt - *,<2.0 A) = 2.S 1 * 10 * T • m 

- -/,+ /, - 4.0 A = j8 di - +*,(4.0 A)-5.0J«10* T-m 

EVALUATE: If we instead went around each path :n the clockwise direction, the wgn of the line integral would be 
reverted. 

Identify : Apply Ampere's law. 

SET UP: To calculate tltc magnetic fWld at a distance / from tltc center of the cable, apply Ampere’s law to a 
circular path of radio w. By symntfry. jB dl - B(2.rr) fix such a path. 


Path h 
Path c 
Path d 


EXECUTE: (a) For a <r <h. I -l 


iti - fil => B 2 xr - p i ~r>B - il _ 

2 rr 


(b) For r > c. the enclosed current is zero, so the magnetic field is also zero. 

EVALUATE: A useful property of coaxial cables for many applications is that the current carried by the cable 
doesn't produce a magnetic fxld outside the cable. 

IDENTIFY: Apply Ampere’s law to calculate B. 

(a) SET UP: For a < r < b the end view is shown m Future 28 .38a. 


Apply Ampere's law to a circle of radius r. 
where a <r< b. Take cuncnis I and l 3 to 
be directed into the page Take this direction 
to be positive, so go around the integration 
path in the clockwise direction. 



Execute: $8 
f a ,iV - S(2.r'L /., = /, 

Tliui fl| 2.Tr ) - and fl - 

2 rr 
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28.39. 


28.40. 


28.41. 


28.42. 


ill) SET UP: r • <•: See Figure 28.38b. 



Figure 28.38b 


Apply Ampere's law to a circle of 
radius r, where r > c. Both 
currents arc in the positive 
direction. 


Execute: 

Thus S\lxr) = u.tl + /.) and 8 


2.7/ 


EVALUATE: For a < r < b the field is dix only to th: current in the central conductor. For r> c both currents 
contribute to th: total field. 

IDENTIFY: Hie largest value of the field occurs at the surface of the cylinder. Inside the cylinder, the field 
increases linearly from zero at th: center, and outside the field decreases inversely with distance from the central 
axis of the cylinder. 

SET Up: At the surface of the cylinder. 8 JLL. inside the cylinder. Via 2S.21 gives 8 L_L_L. and outside 

2.7 R 2x R : 


the field is 8 - 


tL 

: t, 


uj r I ( u.I 

Execute: For points inside the cylinder, the held is half its maximum value when--! --|. which 


2.7 X 21 2,78 


uj 1 ( itj \ 

give* r - Ri2. Outside the cylinder, we have :--J --L which gi 

2jzr 2 * 2jtR ) 


;h wives r - 2 R 


Evaluate: The field has half its maximum value at all points on cylinders coaxial with the wire but of radius 

ft 2 and of radius 2 ft. 


Identify: B-i/.nl 


M,V/ 


SETUP: £ = 0.150 m 

Execute: * - ^>^»,k.oo a> ., 00402T 

<0.150m) 

EVALUATE: The field near the center of the solenoid is independent of the radius of the solenoid, as long as the 
radius is much less than the length. 

(a) IDENTITY and SET UP: The magnetic field near the center of a long solenoid is given by Eq.(2S.23). B - tij\S. 


EXECUTE: Turns per unit length n - - 


>0270 T 


- 1790 turns ni 


//,/ (4xxl0 T mA)I2.0 At 
|b) iV = nL = <1790 turns.mX0.400 m) = 716 turns 

Each turn of radius R has a length 2 jtR of wire. Tlx total length of win: required rs 
iV(2tR)-( 7l6K2fHI.40-10' ml = 6J.0m 

Evaluate: a large length of wire is required. Due to th: length of wire the solenoid will hav e appreciable 

resistance. 


IDENTIFY and SET Up: At the center of a long solenoid 8 - ^ nl - /j, —/. 


Exec i it: / - 


81. 


(0.150 TWI.40 m) 


-41.8 A 


//..V <4rx|0 TmAX4(HX)| 

EVALUATE: The magnetic field inside the solenoid is independent of the radnis of the solenoid, if the radius « 
much less than the length, as is the case here. 
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28.43. 


28.44. 


28.45. 


28.46. 


28.47. 


28.48. 


|DF.\I1F^ and SET UP: Use the appropriate expression for the magnetic field produced by each current 
configuration. 


Execute: MB-iLL 
2 nr 

2RB 


m>37 2T, o>72x|0> A 




4,txH niA 


2(0.210 m*37.2 T l 


1.24x10' A. 


- 237 A. 


Nu J 

(H» ^-so / ^- - 

2R A T * (1(0X4.? x 10 TmA) 

, x u N , . BL (37.2 THO.320 m) 

L fi^N <4?xl0 TmA)40000) 

Evaluate: Mixh less ament is needed for the solenoid, because of its large number of turns |*:r unit length. 

IDEVIITV: Example 28.10 shows that outside a toroidal solenoid there is no magnetic field and inside it the 

,o\7 


magnetic field is invcn by a 


It* 


SET UP: The torus extends from r - 15.0 cm to r } - 18.0 cm 
Execute: (a) r - 0.12 m. which is outside the torus, so B - 0. 

mr-llCn- B^.»' >2SO * SSOA '-2M*10 * T. 

2 xr 2 ^( 0.160 m) 

[c)r - 0.20 m. which ts outside the torus, jo B - 0. 

EVALUATE: The magnetic field inside the torus is proportional to 1/r» so it varies somewhat over the cross 
section of the torus. 

iDEMTfY: Example 28.10 shows that inside a toroidal solenoid. B - 

1 2 .rr 

SETUP: r-0.070 to 

. *.V/ *(600*0.650 A) 


EXEC lit: 


-1.11x10 * T. 


2xr 2^(0070 m) 

EVALUATE: If the radial thickness of the toms is small compared to its nxan diameter. B is approximately 
uniform inside its windings. 

IDENTIFY: Use Eq.(28.24). with * replaced by fj - K t js v . with A' t# - 80. 

SET Up: The contribution from atomic currents is th: ditVcTencc between B calculated with // and B calculated 
with fi 


Execute: (a) B 


uM A' aW *(80|(400K0.25 At 


2*r 


2 .cr 


2.?(0.060 ml 


- 0.0267 T. 


(b| The amount due to atomic cuncnts is = 22(0.0267 T) - 0.0263 T. 

EVALUATE: The presence of the core greatly enhances th: magnetic field produced In* the solenoid. 


Identify and set up: b 


Execute: (a) AT -uoo 


Lt/* 


(1.0.2824. with A. replaced by A i/. > 


(- 


IxrB 


[2.90x10 : mXO.350 T) 


*A..iV <2x10 f • m A X1400M500) 
(b> A' =5200 


l ^ 


2 xrB 


(2.90x10 % mX0.350 TV 


:.;725 a 


5.0195 A 


* A.iV <2x10 T • mrA X 5200X500) 

EVALUATE: If the solenoid were air filfed instead, a much larger current would be required to produce the sunc 
magnetic field. 

Identify: Apply B - A " >vN/ . 

2 xr 

SET UP: A.. is the relatiw permeability and - A,. -1 es the magnetic susceptibility. 

execi’te: 2021 

,oV/ 0,15001(2.400 A) 


<l» *.-*..-1-2020. 

Evaluate: Without the magnetic material the magixtic field insid: the windings would be B> 2021 - 9.6 x 10 4 T. 
The presence of the magnetic material greatly enhances the magnetic field inside the windings 
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28.49. 


28.50. 


28.51. 




iDtvnn : The magnetic field fn>m the solenoid alone is B t - The total magnetic field is B - A/ is 

given by F.4<28.29V 

Si:r UP: n - 6000 turn* in 

Execute: (a)(i) B K> = ft v nl OOm ‘><0.15 A) - 1.13x10 T. 

(ii) .If = =£!??(U3 xI0 1 Tt - 4.6Sx 10* A/m. 

A» A. 

(iii) B - K t flt - (5200X1.13 x 10 1 T)= 5.SKT. 

<b)Thcdirccticmsof B . B. and M arc shown in Figure 2K.49. Silicon steel ts paramagnetic and B . and M are in 


EVAI.I Alt.: 




Figure 28.50 

IDENTIFY: Moving charges create magnetic fields. The net field is the vector sum of the two fields. A charge 
moving in an external magnetic field feels a force. 

(a) SEE IIP: The magnetic field due to a moving charge is B - ' lu * Both fields are into the paper, so 

4 * r 

their magnitudes add. giving B^ - B -t B' - ill. * M . U ' j. 

4t\ r f J 

EXECUTE: Substituting numbers gives 

0 M, [(8.00C)(9.00x 10 4 m's)sm90 : (5.<0//CH6.50xl0 4 m,'s)sin90 : 

* 4*[ (0JX m)* 10.400 mf 

B m =1.00x10 * T -1 .OOpT, into the paper. 

(b| SET Up: The magnetic force on a moving charge is F - qv x B. and the magnetic field of charge q at the 
loraticvi ofcharge q ts into the pace. The force on a is 


/ - qv x B - (q rtf x 




■— 


Mi 

4,t 7 


<-*« 


-;- V 


IDIMUV: Curie's law <Eq.28.J2) «y% that 1 IU i* proportional to f. *o ii pro|xirlnrul to T. 
SET Up: The ujaph of l.'r versus the Kelvin temperature is given in Fieure 28.50. 


Execute: The material does obey Curie's law because tlv graph m Figure 28.50 is a straight line. A/ - C *— ami 


\t 


-—— says that - iyL. \l - ——and the slope of lf£ g versus 7* is I^CpJ. Therefore. from the 


when: ^ is the angle between v and r 
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28.52. 


28.53. 


28.54. 


28.55. 


EXECUTE: Substituting numbers gives 


f = 


k mi )( 0.400^] - 

lolooJJ 7 


Ma (8.00 x 10^ C)(5.1X1 v to * C )(9.00 x 10 * m/s)(6.50 x 10 
4 t[ (0.500 ml' 

F = (749x10'*N)y\ 

Evaluate: These are small fields and small forces, but if the charge has small mass, the force can alVcct its 
motKHi. 

iDf.MIFY: The wire creates a magnetic field near it. and t2>r moving electron feels a force due to this field 

u J 

SET UP: The magnetic field due to the wire is B -. and the force on a moving charge rs F - q\ -Ban?. 

2 t r 

Execute: F - ^i*fl»nd - {ev/ij&m ftflxr. Substituting numbers gives 
f 1(1.60x10 " CK6.0CI-10' m*K4ixI0 ' Tm'AM2.50 Ai(*«n90 o >.'|2a(0.M50 m)l 
F- 1.07 x 10 “N 

Irom Ibc right hand rule fur the crow product, the direction of r * B it opposite to the current, hut since the 
electron is negative. th: force is in the sanv direction as the current. 

Evaluate: This force is snvill at an everyday level, but it would give the electron an acceleration of about 10* 1 mV. 
Idem itY: Find the force that the magnetic field of the wire exerts on the electron. 

SET UP: The force on a moving charge has magnitude F - |y|i /Jsxnd and direction given by the right-hand rule. 

For a king straight wire. B - -i-i— and the direction of B is given by the ncht hand rule. 

Imr 


F L Bsmd evf uj 
Execute: (a) a -U-- —I 


v, Zxr 


<1.6x10 >T C»2.50x ItV m sH4gx|Q T in AM25.0 A> | | x |gy A mAi J 
(9.11*10 ' kgH’xMO.O’OO ml 

away from the wire. 

(b) The clectrx force must balance th: magnetic force. t£ - evB . and 
_ „ uj <250. OMOm s||4.t x 10 ' T• nV A M2 50 A) „ . r 

E = vB- v^-i— - 62 5 N.C. The magnetic force is directed away from 

Irr 2 .t ( 0 . 020 ) m) 

tlie wire so the force from the electric field must be toward th: wire. Since th: charge of the electron is negative, 
the clectrx field must be directed away from the wire to produce a force in the desired direction. 

Evaluate: <c) mg = (9.11 x 10 Jl kgX9.8mfc 1 )* 10*N. F A -e/:^(1.6x10 CX62.5 N.C) *10 ' N. 

F A * itf 1 so we can neglect grav ity. 

IDENTIFY: Use Iiq.(28.9) and th: right hand rule to calculate the magnetic field due to each wire. Add these field 
vectors to eatable the net field and then use Fq.(27.2) to calculate the force. 

SET Up: Let the wire connected to the 25.0 f2 resistor be #2 and th: wire connected to the 10.0 Q resistor be 01. 
Both /, arxl / : are directed toward the right in the figure, so at the fixation of the proton B. is ® and ft -O- 

If - -A and B. - — A. .vlth r = 0.0250 m l = <100.0 VM 10.0 Ill = 10.0 A and I. - (100.0 V|'(25.0 fl) - 4.00 A 
l«r 2 nr 

EXECUTE: 0, =8.00x 10 ' T.fl =3.20x10' T and A - 0,-0.-4.80*10 ' T and in the direction O- 

Force is to the right. 




¥ 

Figure 28.54 

F*qvB*{ 1.602x10 " 0(650x10" m sM4.K0 x 10 5 T) *5.00x10‘** N 

EVALUATE: The force is perpendicular to both v and B The magnetic force is mixh larger than the gravity 
force on the proton. 

IDENTIFY: Find the net magnetic field due to the two loops at the location of the proton and then find th: force 
these fields exert on th: proton. 

SET UP: For a circular loop, the field on the axis, a distance x from the center of the loop is B - — ~ — -. ■■. . .. 

R - 0.200 m and x* 0.125 m. 




28 . 5 *. 


28.57. 


28.58. 


Source* of Magnetic Field 


11 


Execute: The fields add. mi B = B . B - 2fl = 2 


u,IR- 




B j£* 1» 'A'll 50 Al(l) 21X1 nil T 

1(0.200 ml' *(0.125 m)"’!*" 

F - |ji0s)nl-(1.6* 10 " CM2400m*)(5.7Sx10* T>*in 90° - 2.21 * 10 '* N. perpendicular to the line <ib and 
to the velocity. 

Evaluate: The weight of a proton iv »»• - mg - 1.6x ID ** N. so the force from the loeps iv much greater than 
the gravity force cei the proton 

iDEAlltY: 7Tic net magnetic field es the vector sum of the fields due to each wire. 

uj 

SET UP: B - - -. The direction of B is given by the right hand rule. 

2 nr 

EXECUTE: (a) Th: currents are the same so points where the two fields arc equal in magnitude are equidistant 
from the two wires. The net field is zero along th: dashed line shown in Figure 28.5(a. 

(b) For the magnitudes of the two fields to be the same at a point, the point must be 3 times closer to the wire with 
the smaller current. The ret field is zero along the dashed line shown in Figure 2S.56H. 

|c) As in faL the points arc equidistant from both wires. The net field is zero along the dashed liix shawn in 
Figure 2S.56c. 

Evaluate: The lircs of zero net field consist of points at which the folds of th: two wires have opposite 
directions and equal magnitudes. 


\ 

\ 

\ 

X 

X 

X 

iauA 

io.oa| 

slope = ♦ 

_ ^ 

■ OCaJ 

\*l«- - IOO 

X 

X 

X 

X 

(•> 

<t»: 

3.0 A 



Figure 28.56 


iDEvntv: H 

4 ? r 


SET Up: r -# and r - 0.250 m.sor/r- \\ J - »; k 

n <1 


Execute: B*T)/ » 0/ -0. =6.00xio^T and 

v u - -ill—-—— 1 * 1 ~ " -521 m s. v* = ±^vl - v 4( 3 - - ±^(800 mt> : -(-521 m s) : - :607 m s. 

The sign of v j4 isn’t fotcrmircd. 

(hi Now r - / and r = 0.250 m B - —— —L - -il-i) \\ k - v 4 1 i. 

4r r 4 s r‘ s 

B - — ,y\ - !Ll 111, - j^ 1720 * 10 ‘Paw mil - 9.20 * 1(1 • T. 

4b ~ V " 01 4e r ° 4.t (0.250 m)‘ 

Evaluate: The magnetic field in part (b) doesn't depend on the sign of v Pt . 

Idem 11 v and Set UK B - BAxfa)i 



Apply Gauss's law* for magrxtic fields to 
a cube with side length /.. one corner at 
the origin, and sides parallel to the v .y 
and r axes, as shown in Figure 28.58. 


Figure 28.58 
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28.59. 


EXECUTE: Since B is parallel to the A**axis the only sides thit hive nonzero tlux are the frail side l parallel to 
the it plane at x - L\ are! the tuck side (parallel to the ir planc at x - 0.) 
front <1>^ - j B dA - 5 u (.Y/<r)J dd(/•/) - ^(aVo> j dA 

x -l on this face so B dA- B,(Ud)dA 

Q, - «,(/-'■»)!’ = B,li:.a) 

hack On the hack face x - 0 so B - 0 and <I>, - 0. The total tlux through the cubical Gauswan surface is <t>, - B,(L l fa). 
EVALUATE: ThK violates Lq.f27.8y. which say* that «t>^ - 0 for any closed surface. The claimed B is 
impossible because it has been shown to violate Gauss's law for magnetism. 

IDENTIFY: Use Lq.(28.9) and th: right-hand rule to calculate the magnitude and direction of the magnetic field at 
P produced by each wire. Add these two field vectors to find the net field. 

(a) SEI llr: The directions of the fields at point P due to the two wires are sketched in Figure 28.59a. 

(?)/,- 6.00 A 


(Kira 


l)Mn 


Execute: and B muu be equal and 

opposite for the resultant field at P to be zero 
B . is to the right so / is out of the page. 




figure 28.59a 
A 


FJi . I 


2 xr 2.7 .ft m 




2/ir 2 t’ 0.50 m 


D 50 m 


’ 7 1.5U in ’ 2.7 (1.50 


5.(0 A) - 2.00 A 


1.50 m 

(bf SET Up: The directions of the fields at point Q arc sketched in Figure 28.59b. 

Execute: 





#-( 2 x |0 Tin Ai 


•* r i 

. ^f2x!0 


5.CKI A 
0.50 m 


2.40x |D‘ r 


nA )1 _ 2.67 x 10 

‘ “.50m 


B { and B are in opposite directions arxl B { > B : so 
B - B { - B.= 2.40x 10^ T - 2.67 x 10 1 T = 2.13xl0*T. and B is to the right, 
(cy SET Up: The directions of the fields at point S are sketched m Figure 28.59c 

HA 


i <nm 



EXECUTE: if 


2,7i: 


ft -(2x10 T m All ? 11 ' *-2.00x10" 


ft. -—iL- 

* 2.rr 

R^(2xia 


>60 m 


nA)l A -5.00x10 


0.80 m • 


f ijiure 28.59c 


B. and B . arc right angles to each otto, so the magnitude of their resultant is given by 
B - Js'i r Si -^(2.00x10* T)* *(5.00x 10 Ty : -2.06x10* T 
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28.60. 


28.61. 


28.62. 


28.63. 


Evaluate: The magnetic fickl line* fee a long, straight wire arc concentric circles with the wire at the center. 

The magnetic field at each point b tangent to the field line, so B is perpendicular to the line from the wire to the 
poant where th: field is cumulated. 

Idi.MIFY: Find the vector sum of the magnetic fields due to each wire. 

u! 

SET Up: For a long straight wire B -. The directicei of B is given by the right-hand rule and is perpendicular 

2 sT r 

to the line from the wire to the point where then field is calculated. 

Execute: (a) The magnetic field vectors arc shown in Figure 28.60a. 

'■'.-a 

.t v \ -j r J777’ *(» '“') 

(c> The graph of B versus xfa is given in Figure 28.60b. 

EVALUATE: (dl The magnetic field is a maximum at the origin, x - 0. 


(b) At a position on the .v-axis B - 2—— sin0 


in the positive a*direction 


[t) When x »a.B* 


IF 




(W 

I-igurc 28.60 

IDEVKFV: Apply F - /IBs in^. with the iragncti: field al point P that Is calculated in problem 28.60. 

tlJil 

SET Up: Hk net field of the first two wires at the location of th: third wire k B ---- in the ♦ .y direction. 

*1 x*+a') 

EXECUTE: (a) Wire is carrying current into th: page, so it feels a force in the -^-direction . 

£-«-/( »» . -,.„x, 0 * X.'m. 

L { x(x- r a 2 ) t *(<0600 m)* r (0.400 m Y ) 

(b| If the wire comes current out of the page then the force fell will be in the opposite direction as in part (of Thus 
the force will be I 11 x 10 5 N/m. in the ^direction 

Evaluate: We could also calculate the force exerted by each of the first two wires and firxi the vector sum of 
the two forces. 

IDEVIIFY: The wires repel each other since they carry currents in opposite directions, so the wires will move 
away from each other until the magnetic force is just balanced by the force due to the spring. 

SET UP: The force of tbc spring is Li and the magnetic force on each wire is F gu * - --. 

lx x 

EXECUTE: Call X the distance the springs each stretch. On each wire, F^ - F t M| . and there arc two spring forces 

cm each wire. Therefore 2 kx • -. which gives x - J—— . 

1 st x \ lx k 

Evaluate: Since ji,'2x is small, x will likely be much less than the length of the wires. 

iDEMltY: Apply V / — 0 to one of the wires. The force ooc ware exerts cm the otbeT depends on / so ^ F - 0 

gives two equations for the two unknowns T and I. 

SET Up: The force diagram for one of the wires is given in Figure 28.63. 


The force one wire exerts on tbc other «/*'’—] !L 

where r = 2(0.040 m)sin0 =8.362 x 10 1 m is the 

distance betw een the two wires. 
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28.64. 


28.65. 


28.66. 


28.67. 


Execute: £ F - 0 gives Tc:0- mg an dT-mg: cos 0 
I'>° gives F - rsin0 - (nyj cosf/) wn0 - ik# tan# 

And jii _ x/., so F - 2f.glan# 

M/ 3 


2.T/' 


L - ALij tan# 




IM 2^1 


0.0125 kg/mM9.&0 msHtan 6.00 : H8362x 10 1 ml ^ 


2x|0 T mA 

Evaluate: Since the currents arc in opposite directions the wire* repel. Wlxn / is increased, the angle 0 front 
the vertical increases; a large current is required even fee tlx small displacement spccifxd xn this problem. 
IDENTIFY: Consider the forces cei each side of tlx loop. 

SET Up: The forces on tbc left and right sxles cancel. The forces on the top and bottom segments of the loop are 
in opposite directions, so the magnitudes subtract. 

Execute: F-F- * .(&M.V*- fiSUi-il. 


f - 


M,(5.CO A)(0.200 mK 14.0 A) f 1 

2z ! 0.100 


026 m 


- 7.97 x 10 ' N. The force on the ton segment rs a wav 


from the wire. so the rxt force is away from the wire. 

Evaluate: The net force on a current kiop in a uniform maeixltc field is zero, hut the magnetic field of the wire 
is not uniform, it is xtrmgcr closer to the w ire. 

IDE VI1PY: Find the mignctic fxld of the first loop at the location of the secood loop ami apply r |^/ * /?| ami 
U - -/* B to find and V. 

SET Up: Since x is much largcT thin a . assume B is unifomi over the second loop ami equal to its value on the 
axis of the first loop. 

Npja* Nfija‘ 


Execute: <*) i » a B 


\/i ' b\- ttBnnO 'in 


W'u.t/ 1'a‘a'stnO 


lb) U- -ii B -■ -iiBcmO - -IV/W’ I 


N/iJa‘ i WJi.T/FaVcMfl 

—r ‘~ ~ • 

EVALUATE: (c) Having x » a allows us to simplify the form of tbc magnetic ticld. w hereas assuming x » a 
means we can assunx that the magnetx field from the lirst loop is constant over the second loep. 

Identify: Apply J,,/ ' r . 

4.T F 

SET Up: The two straight segments produce zero field at P. The field at the center of a circular loop of radius R is 

B so the field at the center of curvature of a semicircular loop is B - <2_L 

2R 4tf 

Execute: The semicircular loop of radius a produces fxld out of tbc page at P and tbc scmicirculir loop of 


radius h pcodixcs field into the pane. Therefore. B - B - B 


i in 
7 2 7 ft./ 


I - — *. out of page 
4a \ h 


Evaluate: If a = 6. B - 0. 

Identify: Find the vector sum of the fields due to 

uja* 


SET UP: For a single loop B - 


ilimg the x-a.\is trom between ttxm 

Execute: 


h loop. 

Here we lave two loops, each of *V turns, and measuring the fxld 

h 


2 ( r* t a* t‘ ' 

that the "r” in the formula is different for 


Left coil; x 


xtl 

2 


2((x + a?2V+4^' 


Right coil: x 


x ~ — 


H(i-a;2y 
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28.68. 


28.69. 


So. the total (V:ld at a point a distance r fn>m the point between th:m is 


Ha' | I I 

(l.v . oily r • * «. - ally ♦ .V ) • 


(10 B versus, x is graphed in Figure 2K.67. Figure 2S.67a is the total Field and Figure 27.67b is the field from the 
right-Kind coil. 

l ,>A,poin./-.,-Oand fl ,^l|-,., 1 . .. 

2 l.« a/ir((- a /2y ■><,')''■) <5a /4) v 15 J a 

Id) B -\ i^ U * ,,W 


[ 4r'„00°K6.’A)_o 0202T 
\ 5.1 (0.080 m) 


Al .-0 


,IB -tox-vZ, 

<I> 2 iiiTTTT’TTTF n«- 0 / 2 | ! +«-)’■' , r 

JB _pjih‘{ -3<i;2) -3<-u,2| I 

dx * 2 l((a/ 2 |' •V) v ' <<-tf/ 2 )',^l‘-! 

Jti ji.V/i 1 f -3 _ 6<. •- a,'‘2) J |S.'2) -3 (HA- d /2) : (S/2) | 

dx’ 2 1 (|*+o.' 2 )'-*d J | v ' lloa/ 21 1 l|*-u/ 2 |' »a ')‘ ' |(*-a/ 2 )' -. 0 ')“ ,1 


Al « = 0. 


d : b 


«yV/a' 




-3 6| a /2|'|5/2> -3 6)-a/2» f (5,2| _ 

'•*V (| 0 y2>*.a-) • ii^FTTT 7 ii^ITTTp 


EVALUATE: Since both First and second derivatives an: zero, the field can only be changing very slowly. 

0 t) 


oco ai<o 0200 o.xo 04 co 0.500 

(») 



w 


lieu re 28.67 


IDENTIFY: A current -carrying win: produces a mignetie Field, hut the strength of the field depends on the shape 
of the wire. 

SET L'P: The magnetic field at the center of a circular wire of radius a is B - /*,/•'2*j. are! the field a distance x 

from the center of a straiuht w ire of lencth 2n is B - —-- ~ a 

xyjx'+a 1 

Execute: (a) Since the diameter D - 2ii. we have B - - fiJ'D. 

(h> In this case, the length of the wire is equal to the diameter of the circle, so 2a - t D. giving a - z 1X 2. and 

>- />'2. Thcrclorc B t£ - 2| _ 

4t (D/2WX)* % /4* x'D 3 /4 Oj I r 


EVALUATE: The field in part (a) is greater hv a factor of y}\ -f x* . It is reasonable that the field due to the 
circular wire is greater than the Field due to the straight wire because more of the current is close to point A fee the 
circular wire thin it is for the straight wire. 

Identify: Apply JB - fi ‘' l r . 

4.T r 

SET L'P: The contribution from the straight segments is mo since dl xr - 0. Th: magnetic field from the curved 
wire is just one quarter of a lull loop. 


Execute: B- 


T { 2K J 8 It 


jixl is directed out of the page. 
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28.70. 


28.71. 


28.72. 


IDENTIFY: Apply dB - 


Evaluate: It is very simple to calculate B at point P hut it would be much more dif fault to calculate B at other 
points. 

/i Lit <r 

4.T 7 

SET UP: The horizontal wire y iclds zero magnetic held since di x I - 0. The vertical current prov>des the 
magnetic field of half of an infinite wire. (The contributions from all infinitesimal pieces of the wire point in the 
same direction, so there is no vector addition or compoivnts to worry about. > 

Execute: B - ; - —- and is directed out of the page. 

7 Ut R) 4xR 

EVALUATE: In the equation preceding I:q .{28 K| the limits on tfa integration are 0 to »? rather than -a to a and 
this introduces a tfator of y into tfa exprcssxm for B. 

(a| IDENTITY: Consider current density./ for a small cooccntnc ring and integrate to find the total current in 
terms of a and R. 

SET UP: We can't sav / - .AT - JxR *. since J varies across the cross section 



To integrate./ over the cross section of 
the wire divide the wire cross scctKin up 
into thin cooccntric rings of radius r and 
width Jr. as shown in figure 2S.71. 


Figure 28.71 

EXECUTE: The area of su:h a nng is dA. and the current through it rs di - J <L\\ dA - 2 xrdr and 
di - JdA - arilxrdr) = 2xar 1 dr 

I -jdZ - r } dr - 2ral R* 3) so <t - —"^7 

(h) IDEYTIFY and SET UP: (i) r S R 

Apply Ampere's law to a circle of radius r < R. Use the nxthod of port la) to find the cuncnt enclosed by the 
Ampere's law path. 

EXECUTE: $B • di - ^Bdt - B^xiJ - B{2xr\. by the symmetry and direction of B. The current passing through 
the path is /^ ( - j di. where the integration is from 0 to r. !^ { - 2m | r~dr - ^ j r * - Thus 


1.1 ll 


\b.,H -give m2.1’I * V, | L. j and B 

(ii) IDENTIFY and SET Up: rZR 

Apply Ampere’s law to a circle of radius t > R. 

Execute: je-Jl- ftidt - Bjji - B(2.rr) 

£ - nj 

/ , - /: all the cuncnt in the wire russes through this path. Thus 1 B*di • ui gives B{2xr) - uj and B - -- 

J 2 xr 

Evaluate: Note that at r - R the expression in <i) (for r S R ) gives B - At r - R the expression in (it) 

(for r £ /?} gives B - . which is the same. 

2xR 

lDf.\llFY: Appiy Ampere's law to a circle of radius r in ca:h case. 

SET Up: Assume that the currents arc unifcTin over the cross sections of the conductors. 


Execute: (a) r = /| — ]«/| iy | \b di - 
nJ 

r - a. B -. which is just what was found in part ia) of Exercise* 28.37. 


B2xr - u.! - «/l — ' and h - -ii— When 


2*i' 
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28.73. 


28.74. 


28.75. 


28.76. 


(b) b<r<CT* t 


'-'It* *' 


r l -A ; 


11 


c J -r 




ami 


tf - -—1 --— I. When / - 6. just as in part <a> of Exercise 2S.37 and when r-c\B - 0. just as m 


2 .T r\ c-h 


.T- 


part (b) of Exercise 28.37. 

EVALUATE: Unlike A\ B is not oto within the conductors. B varies across the cross section of each conductor 
IDENTIFY: Apply $B dA- 0. 

SET UP: Take the closed gaussaan surface to be a cylinder whose axis coincides with the wire. 

EXECUTE: If there is a magnetic field component in the ^direction. it must h: constant because of the symmetry 
of the wire. Therefore the contributxm to a surface integral over a closed cylinder, encompassing a long straight 
wire will be zero: no flux through the bairel of the cylinder, and equal hut opposite flux through the ends. The 
radial flekl will have no ccmtnbutxm through the ends, hut through the barrel: 

0- -JA-fa, J.1 -j R JA -1 RdA = 0. Therefore, fi =0. 

EVALUATE: The magnetic flekl of a long straight wire is everywhere tangent to a circular area whose plane is 
perpendicular to the wire, with the wire passing through the center of the eirculor area. This field produces zero 
flux through th: cylindrical gaussaan surface. 

IDF.MIFY: Apply Ampere's law to a circular path of radius r. 

SET UP: Assume the cuncnt is uniform over the cross section of the cooduetor. 

Execute: -Ootf-O. 


|b> a<r<br>l 


-/ ^ ■/ =yr a \'Md, 


B 2 *r-uJ 




Hid 8- 


2<*--*') 


|c> r > 6 =>/,-/. 


B2.Tr - it J and B - 

2.T r 


EVALUATE: The expression in part <b) gives B - Oat r - a and this agrees with the result of part (at. The 

expression in part 4b I gives B - j.t r-ft and this agrees with the result of part (c). 

2jtB 

Identify : U*sc Ampere's law to find the magnetic flekl at r -2a from the axis. The analysis of Example 28.9 
shows that the field outside the cylinder is the same as for a long, straight wire along the axis of the cylinder. 

Set Up: 

Execute: Apply Ampere s law to a circular 
path of radius 2a. as shown in Figure 28.75. 



- 


3/ S 


B - -— this is the magnetic flekl inside the metal at a distanre of 2a from the cylinder axis. Outside the 
16 2.ro 

cylinder. B - Tic value of r where these two fields are equal is given by 1/r - 3 116t/i and r - 16*?/3. 

2 Jir 

EVALUATE: For r < 3a. as /• increases the magnetic field increases from zero at r - 0 to f\J |2.t(3j)| at r - 3a. 
For r > 3a the field decreases as r increases so it is reasonable for there to be a r > 3a where the ticld is the same as 
at r - 2 a. 

IDF.NT1FY: The ncl field is th: vector sum of the fields due »o the circular loop and to the long straight wire. 

SET UP: For the long w ire. B - -. and for th: lexip. B - tlL,. 

Execute: At the center of the circular loop the current /, genenites a magnetic field that is into the page, so the 
current /, must point to the nght. For complete cancellation the two fields must have the same magnitude: 

HLaSsL i.Thui. /,-££/,. 

2x1) 2R ' R ‘ 


Kn Al t ATE: If / is to the Icti the two fields add. 
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28.77. 


28.78. 



IDENTIFY: Use the current density./ to find d! through a concentric mg and integrate <nvr tlic appropriate cross 
section to find the current through that cron section. Then use Ampere's law to find B at the specified distance 
from the center of the wire, 
fa) Setup: 

Div ide the cross section of tlx cylinder into 
thin concentric rings of radius r and width 
dr. is shown in Figure 28.77a. 77»c current 
through each nng is d! - J dA - Jlxrdr. 

Figure 28.77a 

EXECUTE: dl - j2*r dr - iL-Jl -(r.'u)' Jr dr. The total current / is obtained by integrating dt 

over the cross section / «J *dl -j ^ |J*M ^ 1 )r dr -1 |jir* -ir 4 - . as was to be shown. 

(l> > SET Up: Apply Air$ierc*s law to a path thit » a circle of radius /* > a. as shown in Figure 28.77b. 

ill - B(2ar) 

/ , - /.. (the path crxloses the entire cylinder) 



Figure 28.77b 

Execute: $B dt - ays B(2.rr) - pj* and B - 
(C) Set Up: 

Div ide the cross section of the cylinder into concentric 
rings of radius r' and w idth dr*, as w as done in part <a). 
See Figure 28.77c. Tlx current dl through each ring 





F igure 28.77c 

Execute: The current / is obtained by integrating dJ from / - 






a 






hr 1 




(d) SET Up: Apply Anpcrc’s law to a path tint is a circle of radius /* < a . as shown in Figure 28.77d. 

jB dl -B{2sr) 



l^ A 2 -L. | < from part (c)) 

Figure 28.77d 

Execute: I B-di -pj^ k m>* B( 2x r) - i^-( 2- Sfa* ) and B — 


r(2-r J .V) 




EVAI.1 ATE: Result m part ib) evaluated at r - a: B - :- Result in part id) evaluated at 

2xa 

r-cr.B~ ^-1(2-V /a 2 ) - The two results, one for r > a and tlx other for r < a. agree at r - a. 
2.r a " 2>7tr 

IDENTIFY: Apply Ampere's law to a circle of radius r. 

SET UP: The currant within a radius r is / - J J • d.4 . whrre tlx integration is over a disk of radius r. 
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Execute: (a) I, - j./ J.l - \ | ^•r’’ '**' \rdrdO* 2xk\y-’*dr = 2.iM S "*[ =1»W( 1 -b"). 
I, - ’*(61)0 A/m)(0.025 in)(1 --SI.5 A. 


|b| For rid. jB dl - Blsr - - pJ Q and B - tlLL. 

(c) Far rSa, /(.)-{ 7 dA*j\~e" '** j/7r'd» - 2*6 JJ A"'.fr * w | 

/(r) - 2 .t/<<J(c'' and /i/ )-/ 0 iL_ill. 

Id) lor r&a.j'B-,II ^ Bfrfixr - = «,/, 


- and o-. 

|.---l» 2 *r(e--l> 


(*) Al r - 6 - 0.025 m. B _ *.'»«-■> _ P.*™* -1-75,■O'T. 

2s,Hr' *' -I) 2 b( 0.025 m| \c " - 1) 

Al r-a-0.050m. tf-— —-- " -3.26xlO'T. 

2xa (c* -1) 2s(0.050m| 

Al r-2a -0.100 m. fl- —- — " -l.63xl0*T. 

2 *r 2 b(O.IOO m) 

Evaluate: At point.* outside the cylinder, the magnetic Field is tlic same as thit due to a long wire running 
along the axis of the cylinder. 

28.79. iDEMin: Evaluate the integral a* speciBed in the problem. 


SETUP: Lq.l2S.15) jay* B, - 

Em ute: 


p> ,a 


‘ - ¥i '• ^ tt= ( 8 * ■ ¥f¥'"° oi f., • 

where we used the substitution r - tan 0 to go from the fust to second line. 

Evaluate: Tht* is Just what Ampere’s Law tells us to expect if we imagine the loop run* along the .r*axis 

closing on itself at infinity: j-B df - 

28.80. iDEVnFV: Follow the procedure specified in the problem. 

SET Up: The field and integration path are sketched in Figure 28.80. 

Execute: jftdl-O (no currents in the region). Using the figure, let B - Bj foe y < 0 and B - 0 for y >0. 
Then j B dl - B^L - B^L - 0. B tJ - 0. so BJl - 0. Hut we have assumed thit B mK * 0. This is a contradiction 

•4hUr 

and violate* Ampere’s Law. 

EVALUATE: It is often convenient to approximate B as confined to a particular region of space, but this result 
tell* us that the boundary of such a region iwi’t sharp. 

Jr--*- . B-0 

_i__ 


-r-. >tr 


i>n 


Figure 28X0 

28.81. IDEVIIH: Use what we know about the magndic field of a long* straight conductor to deduce the symmetry of 
the magnetic field Thm apply Ampere's law to calculate the magnetic field at a distance a above and below the 
current stral. 
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28.82. 


28.83. 


SET UP: Do parts (a| and <b) together. 



Consider the individual currents in puirs. 
where the currents in e*:h puir are equidistant 
cm either side of the point where B is being 
calculated. Figure 28.81a show* that for each 
puir the r eompements cancel, and that above 
the sheet the field is in the * direction and 
that below the sheet it is in the t.r-dirccticm. 


Also, by symmetry the magnitude of B a distance a above the sheet must equal th: nvigmtodc of B a distance a 
below the sheet. Now that we have deduced the symmetry of B. apply Ampere's law. Use a path that is a rcctangV, 


as shown in Figure 2S.81H. 



a 

> ■ 

• L 9 1 

■ 


i , 

!•- L -- 

o 


i? 

Figure 28.81b 


4*-*-Him, 


/ is directed out of the page, so for / to be positive the integral around the path is taken xn the counterclixkwisc 
direction. 

EXECUTE: Since B is parallel to the sheet, on the sides of the rectangle that have length 2a, $B dl - 0 (>n the 
long sides of length l . B is parallel to the sade. in th: direction wc arc integrating around the path, and has the 
same magnitude. B. on each side. Thus jo dt ■» 2BL. n conductors per unit length and current / out of the page in 


each conductor gives - InL. Ampere's law then gives 1BL - and B - 

Evaluate: Note thit B is independent of the distance a from the sheet. Compare this result to the electric field 

due to an infinite sheet of charge (lixamplc 22.7). 

iDf.vIltY: Find the vector sum of the fields due to each sheet. 

SET UP: Problem 28.81 shows that for an infinite slvet B If / is out of the page. B is to the left above 

tlie sheet and to the right below the sheet. If / is into the page. B is to the right above the sheet and to the left 
below the sheet. B is independent of th: distance from the sheet. TT>c directions of the two fields at prams P . R and 
S are shown in Figure 2S.82. 

Execute: (a) Above the two sheets, the fields cancel (since there is rxi dependence upon the distance from th: 
sheets). 


<b) In bet wren the sheets the two fields add up to yield B - ^ i/. to the nght. 

(c) Below* the two sheets, their fields again cancel (since there is no impendence upon the distance from the sheets(. 
EVALU ATE: The two slxcts with currents in opposite directions produce a uniform field between the sheets and 
zero field outside the two sheets. This is analogous to the electric field produced by large parallel sheets of charge 
of opposite sign. 

P 


lOMOUOUOMOMOUOl 



Figure 28-82 


iDf.vim and SET UK Use liq.(2S.2S) to calculate the total magnetic moment of a volume Fof the iron. Use the 
density and atomic miss of iron to find the number of atoms m this volume and use that to find the inagrclic dipole 
moment per atom. 
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28.84. 


28.85. 


EXECUTE: .1/ - V to - A tv The average magnetic moment per atom it p t% ^ - // kta fS - MV JN, 

where N it the number of atom* in volume V. The maw of volume Vis nt - pV. where p is the density. 
(/? M — 7.Sx |0* kg/m). The inunher of moles of iron in volume V is 

n - ---. when: 55.847x10 * kc'mol is the atomic maw 

55.847x10 kg mol 55.847x10 kg/mol 

of iron from appendix I). N =» itA f A , where iV A - 6.022 x 10^ atom*'mol is Avogadro's number. Thus 


iV-ITiY. - 


55.847x10 1 ke mol 


MV { 55.847x10 * kg mol I 4/(55.847x10 * kgmol> 
u. m -All - - 

V V fiWs J 

(6.50 x 10* AmH55.847xlO ‘ kginol) 
fUm ~ (7.8x10' kgm'X6.022x|0 ’ atoinsYnoll 
p M = 7.73xl0’ a A-m* >7.73x10'* XT 
p k » 9.274x10'** A m\ so ^ O.OS34// tl . 

EVALUATE: The magnetic moment per atom is much less than one Bohr magneton. The magnetic moments of 
each electron in the iron must he in different directions and mostly cancel each other. 

iDEMltY: The force on the cube of iron must equal the weight of the iron cube. Tlic weight is proportional to the 
density and the magnetic force is proportional to p. which is in turn proportional to K m . 

SET UP: The densities if iron, aluminum and silver are p tt - 7.8x 10* kg m\ p^ - 2.7 x |0 ; kgm‘ and 

p M - 10.5x10' kg m'. The relative permeabilities of iron, aluminum and silver arc K h - 1400. — 1.00022 and 

K h = 1.00-2.6x10 5 . 

E\EC t ill: (a) The microscopic magneto moments of an initially unmagneti/ed ferromagnetic material 
c.xpcomcc torques from a mignet that aligns the magnetic domains with the external field, so they are attracted to 
tlic magnet For a paramagnetic material, the same attraction occurs because the magnetic moments align 
themselves parallel to the external field. For a diamagnetic material, the mignctic moments align antiparallel to the 
cxtcnvil fWld so it is like two inagwts repelling each other. 

(bl The magnet can just pick up the iron cube so the fcccc it exerts is 

a m^g = f\ji'g - (7.8x 10* kgm‘ M0.020 m)‘(9.S m s*') - 0.612 N. If the magnet tries to lift the aluminum 
cube of the v-inic dimensions as the iron block, then the upward fcccc felt by th: cube is 

■- 4^(0.612 N) - IIX612 N|- 4.37 x10 * N. The weight of the aluminum cube n 

14(X) 

fV M = m *g ~ pAi<*‘g = (2.7 x I0 l kg/m 1 1(0.020 m)‘(9.8 m/s J ) - 0.212 N. Tlicreforc. the ratio of the magnetic force 
on the aluminum cube to th: weight of the cube is ^ 1) N 


2.1 x 1 () ' and the maenet cannot lift it. 


0.212 N 

(cl If th: nxignet tries to lift a silver cube of tlic same dimension* as tbc iron block, then tbc downward force felt 

(1.00-2.6x 10 *) 


by tlic cube is / 


0.612 N| 


A, 1400 


[0.612 N) - 4.37 x 10 N. But the w eieht of tbc silver cube 


is - m u g - P^pg - (10.5 x 10' kg/m '<0020 m l '(9.8 mV) - O.S23 N. So tbc ratio of the magnetic force on 

4.37x10 4 N 


tlic silver cube to the weight of the cube is 


- 5.3 x 10 and the magnet’s effect would not be 


O.S23 N 

noticeable. 

EVALUATE: Silver is diamagnetic and is replied by the magnet. Aluminum is paramagnetic and is attracted by 
tlic magnet But for both these materials the force is much less that tbc force «i a similar cube of fcmumgnetic 
iron. 

iDt.MItY: The current .carrying wires repel each other magnetically, causing them to accelerate horizontally. 
Since gravity is vertical, it plays no initial role. 

, /* 


SET UP: The magnetic force per unit length is- 

L 2jt d 

The rms current over a short discharge time is /.. ,'Jl. 


and the acceleration obevs the cquition t:L - m l u. 




28-28 Chapter 28 


2 8 . 86 . 


28.87. 


28.88. 


Execute: (a) Firvt get the force per unit length 


/- 2.7 J 2xd! J2 ; 4.7J' Rf 4xd\ RC 


Now apply Newton's second law using the resuh above L. - OLa - Aa - | . Solving for a gives 

a - ; ^ From the kinematics equation v - r + at % we have >• - at - a/?C —^— 

AaUt*C*d AiURCd 

|b) Conservation of energy gives iimf - ini?/i and A - 1 ^ >( ‘ - 

EVALUATE: Once the wires hive swung aput, we would have to cocrsufcr gravity in implying Newton’s second law. 
iDEVIltY: Approx invite the moving belt as an infinite current sheet. 

SET UP: Problem 28.81 shows that S - 2 foe an infinite current sheet. Let L be the width of the sheet, so n - JL. 

AO Av 

Execute: The amount of charge on a length Ar of the belt k A Q- LAxa s so /-— - L —r - L\rr. 

At At 

U t u 1V7 

Approximating th: belt as an infinite sheet ft - —- : — B is directed out of the page, as shown in figure 28.86. 

EVALUATE: The field is uniform above the sheet, for points close enough to the sheet for it to be considered infinite. 



Figure 28,86 

IDENTITY: The rotating disk produces concentric rings of current. Calculate the held due to each ring and 
integrate over the surface of the disk to find the total held. 

ti j 

SET UK At the center of a circular ring carrying current /. B -. 

2 (Mr 

Execute: The charge on a ring of radius r is a - a A - rr2 jsrdr - ———. It the disk rotates at it turns per 


second, then the current from that ring is d! - — - ndq - - t " .. Therefore, JB - — - — 

dt a * 2 r 2 r <T a 


* HflQdr >t t nO 
a " a 


We integrate out from the center to the edge of the disk and find B - J JB - J 

EVALUATE: The magnetic field is proportional to the total charge on the disk and to its rotation rate. 
IDEVIITV: There arc two parts to the magnetic field: that from the half loop and that from the straight wire 
segment running from -eto a. 

SET L’P: Apply Eq.(28.I4). Let the 0 be the angle that locates di around the ring. 


Kxkuk: ff (.,«!?I-;b.. - - 


"J* 


4(.vW)- 






• . . using liq. (28.S). The total tiekl components are: 

2sxix' +a‘) 


A U 

- *7777 


B - 


ind B - 


„Ja 


K 


2 .ta(x* + *1 ? ♦ a : ] Ixxix 1 * erf 7 * 


ala 


la 






EVALUATE: ft --_ ft . B decreases faster than B as v increases, l or verv small x. It - -1 - and B -L - 

' .7 x 4 9 ' * 4 4<J 2 xa 

In this limit B is th: field at th: ccnteTof curvature of a semicircle and B is the field of a long straight wire. 
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29.1. Identify: Altering tbc orientation of a coil relative to a magnetic field change* the magnetic flux through the 
coil. This change then induce* an cmf in tbc coil. 

SKI UP: The flux through a coil of N turn* is • NBA cat and by Faraday** law tbc magnitude of the indured 
cmf is £ - ' 

Execute: (a) A<* - NBA - (50X130 T|<0.250 mil0.3(20 m) - 4.50 Wb 
<b> £ - dWdt - (4.50 W’b>(0.222 s) - 20.3 V 

Evaluate: Thu induced potential is certainly large enough to be easily delectable. 


29.2. IDENTIFY: £ - . «t>. - BAca%6. «t>. is the flux through each turn of the coil. 

Af 

SETUP: & -0°. £ -90°. 

Execute: (a) <1> A - &4cos0°-<6.0x10 ' T|02xl0 4 ra’MD-7.2 x 10* Wb. The total flux through tbc coil is 
V<X». a(2001(7.2x10 ‘ Wb)- 1.44-10 ' Wb. ® -WcojWO. 


V® - ,V<b. I 1.44-10 ’Wb 


1.6-10 1 V a 0.36 mV. 


Evaluate: The avenge induced emf expends on how rapidly the flux change*. 

29.3. IDENTIFY and SKI Up: Use Faraday's law to calculate th: average induced cmf and apply Ohm's law to th: coil 
to calculate the average induced current and charge that flows. 

rn. tv . .... j . ..4* . .... ....... ...i .. U* I I 


(a) EXECL r IE: Th: magnitude of the average emf induced in tbc coil is |- *V ——L Initially. 

- B.ica sd - BA. The final flux is zero, so ^ | - N ^ ~ —ill - - ^ ‘ . The average induced current is 
/ -• The total charge that flows through the coil is Q^lM -\-llil j.\r - 


K RM 


EVALUATE: The charge that flows is propoctional to tlie magnetic field but does not depend on the time Ar. 

< l»> The magnetic stripe consists of a pattern of magnetic flckls The pattern of cliorgcs that flow in the reader coil 
tell the card reader the magnetic field pattern and hence the digital information coded onto the coni. 

(c) According to the result in part (a) the charge that flows Spends only on the change in th: magnetic flux and it 
does not depend on the rate at vvh»;h this flux changes. 

29.4. IDENTIFY and SET UP: Apply the result derived in Exercise 29.3: Q - NBAfR. In the present exercise the flux 
change* from its maximum value of <t>* - BA to zero, so this equaticei applies. R is the total resistance so here 

r « 60.0 n * 45.0 n - io 5 .o a 

F.XIITIH: Q.™L ay *B = £* (3.56- | 0' t MI05.Q t »- 0(K>7 3 T 
R NA 120(3.20 x 10 m 1 ) 

Evaluate: a flekl of this magnitude is easily produced 

29.5. Identify: Apply Faraday's law. 

SET Up: Let be the positive direction for A. Therefore, tbc initial flux is positive and the final flux is zc to. 


Execute: (a)and <b) £ - - 


0-d.5TW0.I20 ml 


Af 2.0x10 s 

the induced current is counterclockwise. 

EVALUATE: The shcelcr the removal time, the laricr the average induced cmf. 


►34 V. Since £ is positive and A is toward us. 
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29.6. 


29.7. 


29.8. 


29.9. 


IDENT1FY: Apply I;q.< 29.4). / - M 
SET CP: dH>ydt = AdB!dt. 

Execute: (a) £ --1—i-V!—((0fll2T>a)it43.O0Kio 1 T/*V) 
dt dt dt 

f = AM((O.OI2TAi)-»(U*10‘ T*V|-0.0302 Vt-(3.02»I0'* V/*V- 

(b| Ai t - 5.00 ». £ = 0.0302 V-t(302*10'' VA‘K5.00 %)‘ =0.0680 V. /- —- ' " - =1.13x10 ‘ A. 

R 600 C2 

Evaluate: The rate of change of the flux is increasing in time, so the induced current is not constant but rather 
increases m time. 

iDf.MIfrY: Calculate th: flux through the loop and apply Faraday's law. 

SET UP: To find the total flux integrate d<t>^ over the width of the loop. The imgnctic field of a long straight 

wire, at distance /' from the wire, is B - . The direction of B is given by the right-hand rule. 

2 xr 

EXECUTE: (i)Wben into the page. 

2tt 

lb) J0». - BdA - —Ldr. 

2 xr 

(e> £^ HI !‘ :><l n:l lr40.3600.120X9.60 A.s) ^5.06x10 ? V. 

2 it 

EVALUATE: The induced emf is proportional to tb: rate at which the current in tb: long straight wire is changing 
I DIM It Y : Apply Faradiy's law. 

SET UP: Let A be upward in Figure 29.2S in the textbook. 


Execute: (a) |f.,| 
If, I - 4un60 : 


dB 

.1 sin 60 ’ 

dt 



[BAt 


^ (14 Tlf'"""' 

u -imn 'i- 


(.ei* J Kxin60 5 MI 4 T|<0.057 s > 




10.12 V)c 


• r 


|^j|-«(0.75 mn«n60°KL4 TX0.057 s ‘)c 

^<0.12 V) = (0.12 V)eW\ In (M0> * -(0057 s* 4 )r and i* 40.4 x. 

(c) B is in the directum of A so <1> V is positive. B is getting weaker, so the magnitud: of the flux is dccrcaung 
and d& k !dt <0. Faraday’s law therefore says £ >0. Since £ >0. the induced cunent must flow 
counlercJockvrixe as viewed from abov e. 

EVALUATE: The flux changes because the magnitude of the magnetic held is changing. 

iDIVIltY and Sir UP: Use Faraday’s law to calculate the emf (magiulude arxl directum). The direction of the 
induced current is the &ime as the directum of the emf. The flux changes because tbc area of the loop is changing: 
relate dA'dt to do'dt, where c is the circumference of the loop. 

(a) Exec im: c - 2xr and A - jrr J so A - <?i4x 
<1> A - BA - (BMxic 1 

Kl- 



-f—V 


Jt 

Ur J 

dt 

-9.0: 

t,c = l.6S( 

i m 


\£\ - <0.500 T)<l/2xX0.S70 m 1(0.120 m s) - 5.44 mV 

(b) SET Up: The loop and magnetic field are sketched in Figure 29.9. 


Take into the page to be the 
positive direction for A. Then 
tb: mignctic flux is positive. 



Figure 29.9 
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EXCCl'IE: The positive flux is decreasing in magnitude. d<l> g tch is negative and £ is positive. By th: right- 
hand ruic, for A into the page. positive £ is clockwise. 

EVALUATE: Even though the circumference is changing at a constant rate. dAfdl is not constant ami |£*| rs not 
constant. Mux is decreasing so th: flux of the induced cuncnl is ® and this n*rans that / is clockwise, which checks. 

29.10. IDENTIFY: A change in magnet*: tlux through a coil induces an cmf in the coil. 

SET Up: The flux through a coil is O - SB A cos ^ and the induced etnf is £ - d&fdi. 

EXECUTE: (a) and (c) The magnetic flux is constant, so the indixed cmf is zero. 

< l>> The area inside the field rs changing. If we let v h: the length (along the 30.0-cm side! in the field, then 
A - (0.400 mU. <!>a - BA - (0.400 m»r 

£ - Mvdt - dftO.400 m)x\d! - Af0.4Q0 m)dxfdt - 5(0.400 m)v 
£ - (1.25 TM0.4Q0 m)0.02Xl m s) - 0.0100 V 

EVALUATE: It is not a large flux that induces an cmf. but rather a large rate of change of the flux. The induced 
cmf in part <b) is small enough to be ignored in many instances. 

29.11. IDENTIFY: A change in magnet*: flux through a coil induces an cmf in the coil. 

SET UP: The flux through a coil is <1> - NBA cos ^ and the induced emf is £ - dto/dt. 

Execute: (a) £-dWdt - d[A(Bo ♦ hx)]fdt - £A dx dt - bAv 

(h) clockwise 

(c) Some answers except the current is counterclockwise. 

EVALUATE: liven thaugh the coil remains w ithin the magnetic field, the flux through it increases because the 
strength of the tick! is increasing. 

29.12. IDENTIFY: Use the results of Example 29.5. 

SET Up: £. - NBAca. £ - — £ m - t440 rex min) I - 46.1 rad s. 

z \ 60 * nun 

Execute: (a) g^^NBAto = (150)10.060 TM0.025m) s <46.l iad r s)-0.RI4 V 
(b)£ m - —(0.815 V)-0.519 V 

Evaluate: In £^ K - XBAta. to must be in rad s. 

29.13. IDENTIFY: Apply the results of Example 29.5. 

SET UP: £ t%LK - NBA* 

Execute: 

EVALUATE: We max’ also express to as 99.3 rev min or 1.66 rev's. 

29.14. Identify: A change in magnet*: flux through a coil induces an cmf in the coil. 

SET UP: The flux through a coil is <l> - NBA cos p and the induced emf is £ - i/<2» Jf. 

Execute: The flux is constant in each ease, so the induced emf is zero in all cases. 

Evaluate: Even though the coil is moving within the magnet*: field and has flux through it. this flux is not 
chanpng s so no emf is induced in the coil. 

29.15. IDENTIFY and SK r UP: The field of the induced current is directed to oppose the change in flux. 

Execute: (a) The field rs into the page and « increasing so the flux is increasing. The field of the induced 
current is exit of the page. To produce field out of the page the induced current is counterclockwise. 

(b) The field is into the page and is decreasing so the flux is decreasing. The field of the induced current rs into the 
page. To produce field into the page the induced current rs clockxvisc. 

<c> The field is constant so the tlux is constant and there is no induced emf ami no induced cuncnt. 

Evaluate: The direction of the induced current depends cci the direction of the external magnetic field and 
whether the flux di*: to this field is increasing or decreasing. 

29.16. IDENTIFY: By Lenz'x law, the induced current tlows to oppose the flux change that caused it. 

SET Up ami EXECUTE: The magnetic field is outward through the round cool and is decreasing, so the magnetic 
field due to the induced current must also point outw*ord to oppose this dxreasc. Therefore the induced current is 
counterclockwise. 

EVALUATE: Careful! Lenz's law docs not say that th: induced current flows to oppose the magnetic flux. Instead 
it sa>* that the current flows to oppose the change in flux. 

29.17. Identify and SET Up: Apply Lenz’s law. in the form that states that the flax of th: induced current tends to 
oppose the change in flux. 

EXECUTE: (a) With th: sw itch closed the magnetic field of coil A is to the right at the location of coil B. When 
the switch is opened th: magnetic field of coil A goes away, lienee by Lenz's law* the field of the current induced 
in coil B is to the right, to oppose the decrease in th: tlux in thus direction. To produce magnetic field that is to the 
right the current in the circuit with coil B must flow through the resistor in the direction a to h. 


£^ 240x10 V 

Y5T ~ (120X0.075(1 TM0.016 m 


D.4 rod s 
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<h> With the switch closed the imgnctic fVrld of coil A is to the right at the location of coil B. This fickl it stronger 
at points closer to coil A so when coil B is brought closer the flux through coil B increases. By Lena’s law the field 
of the induced current in coil B is to the left, to oppose the increase in flux to the right. To prodiee rmgnetic field 
that is to the left the current in the circuit with coil B must flow through tie resistor in the direction b to a. 

<c) With the switch closed the rmgnetic f*:ld of coil A is to the nght at the location of coil B. The current in the 
circuit that imludcs coil A increases when R is increased are! the magnet*: field of coil A increases when the 
current through the coil increases. By Lcnz's law the field of the induced current in coil B is to the left, to oppose 
the increase in flux to the nght. To produce magnet*: field that is to the left the current in the circuit with cool B 
must flow through the resistor m the direction b to a. 

EVALUATE: In ports (b) and (c) the change in the circuit causes the flux through circuit B to increase and in part 
(a) it causes the flux to decrease. Therefore, th: direction of the indixed current is the same in parts <b) and (c) and 
opposite in port (a). 

29.18. IDENTIFY: Apply Lcnz's law. 

SET UP: The field of the induced current is directed to oppose the change in flux in the primary circuit. 

EXECUTE: (a) The imgnctic field in .1 is to th: left and is increasing. The flux is increasing so the field due to the 
induced current in B is to the right. To produce magnetic field to the right, the indiecd current Hows through R 
from right to left. 

<h) The magnetic field in A is to the right and is decreasing. The tlux is dxrcasing so the field di*: to the induced 
current in B is to th: right. To produce magnetic fWld to the right the induced current flows through R from right to 
left. 

(c) The magnetic field in A is to the right and is increasing. The flux is iixreasing so the field due to the indixed 
current in B is to the left. To pnxluce magnetic field to the left th: induced current flows through R from left to right. 
EVALUATE: The direction of tlw induced current depends c*i the direction of the external magnetic field and 
whether the flux du: to this field is increasing or decreasing. 

29.19. iDEVIltY and SET UP: Len/s law requires that the flux of the induced current opposes the change in flux. 
Execute: (a) <I> A is o and increasing so the flux of the induced current is © and the induced current is 
clockwise. 

<h) The current reaches a constant value so is ctxistant. »dt-0 and tlvrc is no induced current. 

(c) is O anil decreasing, so <t> -4 is 0 and current is counterclockwise. 

EVALUATE: Only a change in flux produces an indiecd current. The induced current is in cm* direction when the 
current in the outer ring is increasing and is in th: opposite direction when thit current is decreasing. 

29.20. iDEVIltY: l.'se the results of Elxarrplc 29.6. Use the three approaches specified in the problem for determining 
the direction of th: induced current. / - £fR. 

SET UP: Let A be directed into the figure, so a clockwise cmf is positive. 

Execute: (a) £*viW = <5.0m's)(0.750TXL50ra) = 5.6 V 

<b) <i) Let q be a positive charge in the moving bar, as shown in Figure 29.2CU. The magretic fone on this charge « 

F — qv x B . which points upnxtni. This force pushes the current m a counterclockwise direction through the circuit. 
<ii) is positive and is increasing in rmgmtudc. so >df >0. Then by Faraday's law € < 0 and the cmf and 
induced current arc counterclockwise. 

(iii) The flux through the circuit is increasing, so the indie cd current must cause a rmgnetic field out of the paper 
to oppose this increase. Hence this current must flow m a counterclockwise sense, as show n in Figure 29.20b. 

€ 5.6 V 

<c) £-Rl. / ^-0.22 A. 

R 25 H 

Evaluate: All three methods agree on the directiixi of the induced current. 



« 0 » 


Figure 29.20 

29.21. IDENTIFY: A conductor moving in a magnetic field may have a potential difference induced moss it. depending 
on how it is moving. 

SET UP: The indie cd emf is £ - vBL sin A where A ** Ihc angle between the velocity and the magnetic field. 
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29.22. 


29.23. 


29.24. 


29.25. 


29.26. 


EXECUTE: (a) £ - vBL sin <5.00 m sl(0.450 TK0.300 mMsin 90°) - 0.675 V 
(to) The positive charges arc moved to end b, so b is at the higher potential. 

(c) F - V/l - <0.675 VM0.300 m) - 2.25 V/m. The direction of £ is from, h to a. 

(d) The positive charge are pushed to 6, so h has an excess of positive charge. 

(c) <il If the rod las no appreciable thickness. L — 0. so the cmf is zero. < ii} The cmf is zero because no magnetic 
force acts on the charges in the rod since it moves parallel to the magnetic field. 

EVALUATE: The motional cmf is large enough to have noticeable effects in some cases. 
iDLVIltY: The moving bar has a motional cmf induced across its ends, so it causes a current to How. 

Set UP: The induced potential is E - \BL and Ohm's law is E - SR 
Execute: (a) € - vBL - (5.0 m sXO.750 TM1.50 m) - 5.6 V 
(to)/ - E/R - <5.6 V)<25 lit - 0.23 A 

Evaluate: Both th: induced potcntul and the current are large enough to have noticeable effects. 

IDEMIFY: E = vBL 

SET Up: L = 5.00 < 10* m. I mph - 0.4470 ms. 

«. E 1.50 V 

Execute: v-- 

Bl. (0.650 T)(5.00x 10 ' ml 

Evaluate: Thrs is a large speed and not pra^ical. It is also difficult to produce a 5.00 cm wide region of0.650 T 
magnetic field. 

Identify: E = vBL 

s»:i UP: 1 mph - 0.4470 ins. 1 G = 10** T. 


46.2 m's -103 mph 


EXEC UTE: 
noticeable. 

(to)£ - (565 mph 


: <j) - (ISO mph ' 11 ' 1 i 0.50-10 " TXl.5 m) - 6.0 mV. 
\ 1 "H* 


I hi> is much too small to he 


4470 m s 


(0.50x10 * TX64.4 m)- 0.813 mV. This is too small to be noticcabfc 


1 mph 

Evaluate: Even though the speeds and values oTL arc large, the earth’s field is small and motional cmfs due tc 
the earth’s field an: not important in these situations. 

iDt.MitY and SET UP: E - vBL. Use Lcn/s law to determine tlie direction of the induced current. The force F^ 
required to maintain constant speed is equal and opposite to the force F, that th: magnetic field exerts on the nxl 
because of the current in th: rod. 

EXECUTE: (a) £ - vBL ^ (7.50 m sllO.KOO T H0.500 m) - 3.00 V 

(to) B\* into the page. The flux inrreascs as the bar moves to th: right, so the inagrxlic field of the induced cuner.: 
is out of the page inside the circuit. To produce mignetic fV:ld in this direction the induced current must be 
counterclockwise, so from b to a in th: rod. 

ft) / - _ - ■ - 2.00 A. F, - !LB% :n<* - (2.00 AX0.S00 mMO.SOO T)*in9<r - O.SOO N. F a lo the left. To 

keep the bar moving to the right at constant speed an external fccce with magnitude/^ - 0.803 N and directed to 
the right must be applied to the bar. 

(cl) The rate at which work is done by the force F^is F m v - <0.800 NX7.50 m's) - 6.00 \V. The rate at which 
tlictmal energy is developed in th: circuit is S } R - (2.00 AXl.50 O) - 6.00 XV. These two rates arc equal, as is 
required by conservatxm of ercrgy. 

EvaLU ATE: The force on th: rod du: to the indured current is directed to eppose the motxm of the rod. This 
agrees with Lenz’s law. 

Idf.N'IIKY: Use Faraday’s law to calculate the indixed cmf. Ohm’s law applied to the loop gives /. Use 
I:q.(27.19) to calculate the fi*cc exerted on each side of the loop. 

SET UP: The loop before it starts to enter the magnetic field region is sketched in Figure 29.26a. 

2L _ 

Execute: For v < -IU1 or x > 3 U2 
the loop is completely outside the field 



region 


i' 


Figure 29.26a 


TIuis E -0 and / - 0. so tlieie is no force from the magnetic field and the external fcecc /’necessary to maintain 
constant velocity is zero. 
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SET UP: The loop when it is completely inside the field rcuion is sketched in Figure 29.26b. 


a- 


Execute: For -V2<x<Ltl 
the loop « completely insxlc the 
field region and <t>. - BL. 


Figure 29.26b 

But “ ^ - 0 so £ - 0 and / - 0. There is no force F • // x B from the magnetic field and the external force F 
dt 

necessary to maintain constant velocity is zero. 

SET UP: The loop as it enter* the magnetic field region is sketched in Figure 29.26c. 

Execute: For -3Z/2 < x < -Li2 
the loop is entenng th: field region. 

Let \' be the length of the kiop 
that is w ithin the field. 



Then BLx' and 


Figure 29.26c 

Bi\ . The magnitude of the induced cmf is Ifl 




BL\ and the indeed 


. arreiit 


«/ = Hl=££l. Di 


Direction of /: Let A be directed into the plane of the tigure. Then «p . is positive. The 


flux is positive and increasing in magnitude, so —— is positive. Then by Faraday's law € is negative, and with 

dt 

our chooce for direction of A a negative £ is counterclockwise. The current induced in th: loop is 
counterclockwise. 

SET UP: The indured current and magnetic force on the loop arc shown in Figure 29.26d. for the situation where 
the loop is entenng the field. 

Execute: F t - // x B gives that the 
force F, exerted on the loop hv the 
maimetic field is to the left and has 


•E 


X X 


magnitude F = IUi 


J BLv 


Figure 29.26<l 

The external force F needed to mov e the loop at constant speed is equal in magnitude and opposite in direction to 
F\ so is to the nght and has this same magnitude. 

SET L t P: The loop as it leaves the magndic field region is sketched in Figuic 29.26c. 

Execute: For VI<x< JL2 
the loop is Icavinu the field 


r x 
X X 
X X 


■&- 


region Let .r be the length of 
the loop that is outside the field 


Figure 29.26c 

Then |t> ,1- BUL -✓) and 



- BLv rhe nucuitudz i>t the induced cmf is I2T— 


- BLv and 

di 


dt 



current is / - 111-Direction of /: Again let A he directed into the plane of the figuic. Then <1>^ is positive 

R R 

and decreasing in magnitude, so * • is negative. Then by Faraday's law £ is positive, and w ith our choice for 

dt 

direction of A a positive £ is clockw isc. The current indue ed in the loop is ckickwisc. 
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29.27. 


29.28. 


SET UP: The indured current and magnetic force on the loop an: shown in Figure 29.26f. for the utuition where 
the loop is leaving the fiekl. 

Execute: F. -11 xB give* that the 
force F { excited on the loop by the 
magnetic field is to the left and has 




figure 29.26f 

The c.xtcrral force /’ needed to move the loefi at constant speed is cquil in magnitude and opposite in direction to 
f, so is to the nght and has this san>: imgmtixlc. 

(a) The graph of /•'versus x is given in Figure 29.26g. 



(H| The graph of the induced current / versus .v is given in Figure 29.26h. 

/ 




- 1 V- 


'' 


figure 29.26h 

Evaluate: When th: loop is either totally outside or totally invade the magnetic field region the flux isn't 
changing, there is no induced current, and no external force rs needed for the loop to maintain ccmvtant speed. 

When the loop is entering the field the external fcece required is directed so as to pull th: lixip in and whm the 
loop is leaving the field the external force required is directed so as to pull the loop out of the field. These 
directions agree with Len/'s law: the force on the induced current (opposite in direction to the required external 
force) is directed so as to oppose th: loop entering or leaving th: field. 
iDLNim : A bar moving in a rmgnctic field has an emf induced across its ends. 

Set Up: The induced potential is € - \BL sin 

Exec ute: Note thit 90° in all these cases because the bar moved perpendicular to the magnet*: field. But the 
effective length of the bar. L sin 0. is different in each case. 

(a) £ - vBL sin 0 - (2.50 m s)( 1.20 T)(I.4I m) sin (37.0*) - 2.55 V. with a at the higher potential because positive 
charges arc pushed toward that end. 

(b) Same as (a) except 0 - 53.0\ giving 3.38 V. with a at the higher potential. 

(c) Zcro* smcc the velocity is parallel to th: magnetic field. 

(cl l The bar must move perpendicular to its length, fee which the cmf is 4.23 V. For l\ > K* it must move upward 
and to the left (toward the second quadrant l perpendicular to its length. 

EVALUATE: The orientation of the bar atTects the potential induced across its ends. 

IDEYT1FY: Use tq.(29.10) to calculate the induced electric field E at a distance r from the center of the solenoid 
Away from the ends of the solcnood. B - til inside and B - 0 outside. 

(a) SET IIP: The end view of the solenoid is skeichcd in Figure 29.28. 


Let R he the radius of the K»lct>:ud. 


Figure 29.28 

c • • <f<I>. 

Apply j E ■ ill - - —— to an integration path that is a circle of radius r. where r < H. W'c need to calculate just the 



magnitude off so we can take absolute values. 
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29.29. 


29.30. 


Exec i tl: 


- Arr ; . 


= zrr2.Tr> 


,/ip. 

- 7r - 

.vv 

dt 


dt 


implies Eilxr) - zr' 




i\ 


xi x ^ 


(1 


Thus E - U» % K - 4(0.00500 ni|4.T x 10 T m A)<900 m ' K60.0 A.*) - 1.70x 10 4 V/m 

dt 

(b)/* - 0.01 CO cm is Mill inside tbc solenoid so the expression in part (a) applies. 

E - Xrun^L - i(0.0!(M) m«4.T *1(1 ’ TmAM9O0 m '»60.0 A'*) - J.39.10 * V.'m 
dt 

Evaluate: Insxlc the solenoid E is proportional to r. so E doubles when r doubles. 

IDEMIFY: Apply Eqx.f29.9> and <29.10>. 

SET L’P: Evaluitc the integral if Eq.f29.10) foe a path which is a circle of radius r and oooccnthc with the 
solenoid The magnetic field of the solenoid is confined to the region inside the sotenood, so B(r) = 0 for r> R 


. at.i 

Execute: (a)- A - ar — 

dt dt dt 


ib>/;- 


1 JO*. .Tr : JB 


2.7 r dt 2.7J: 


: & 


The direction of E is shown in Figure 29.29a. 


1 d<t> xR' dB 

(c) All the flux is within r < R. so outside the solcooid E -4- 

2 .rr : dt 2 jzr : dt 

Id) The graph is sketched m Figure 29.2%. 

|e) At r * i?/2, £* 






R- dB 
2 r~dt 


J<X >. dB 

(0 At /*- R , € -4- xR '— 

dt dt 

It) At r - 2R. R'-'HL 

EVALUATE: The emf is independent of the distance from the center of the cylinder at all paints outside it. Even 
though the magneUe flekl is zero foe r > R % th: induced electric field is nonzero outside the solenoid and a nonzero 
emf is induced in a circular turn that has r > R. 


I 




Figure 29 29 


iDEVnn: Use Eq.<29.10) to calculate the induced electric field E and use this E in EqX29.9> to calculate £ 
between two points. 

(a) Se f UP: Because of the axial symmetry and the absence of any electric charge, the fickl Imcs arc conccntrx 
circles. 





29.31. 


29.32. 


29.33. 
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(b> See Figure 29.30. 



£ is tangent to the ring. The direction 
if E (clockwise or counterclockwise I 
is the direction in which current w ill 
be induced in the ring. 


EXECUTE: Use the sign convention for Faraday's law to dcdiarc this direction. Let A he into the paper. Then 

d<l> d<\> 

<T», is positive. B decreasing then means -- is negative, so by £ - -- £ is positive and therefore 


cluckwi.se. Thus £ is clockwise around the ring. To calculate /: apply • dt • - 1I_Ll to a circular path 
coincides with the ring, 
d/-£(2rr> 

4' - Bz/ ' 


hat 


£< 2 *r> 



-,7r* 

dB 

dt 


dt 

; dB 

iii 

and £ 

” T f 


10.100 roH0O350Ts)= 1.75x10 1 Vm 


(«)The induced cmfhas magnitude £-$£•<// - E\2xr) - (l.75x 10 J WmX2«M& 100 m) * 1.100x 10 1 V. Then 
£ 1.100x10° V 


i — - 

R 4 .GO Q 


2.75x10 4 A. 


(d> Points a and h are separated by a distance around the ring of rr so 
£ - £(tt| - (1.75x 10 ‘ V/mN^X0.100 m>- 530x10 4 V 

(e> The ends arc separated by a distance around th: ring of 2.rr so £ - 1.10 x 10 ' V as calculated in pirt (c). 
Evaluate: The induced cmf. calculated from Faraday’s bw and used to calculate the induced current, is 
associated with the induced ebctric field integrated around the total circumference of the ring. 

IDENTIFY: Apply Fq.<29.1) w ith <1>, - . 

SETUP: A - xr* f where /--0.0110 m. In Eq.(29.11). 0.0350 m. 


Execute: |e| 

.u 




IA/lid > 


u x nA 


— and \£\= £(2irr). Therefore, — 


.u 


£ 2 ,?r 


<8.00x 10 Wm)2;r(0 0350 mi A _ 4 . 

■ ■ — V.J I >VS. 

//,<400m >t( 0.01 10 mf 

EVALUATE: Outside the solenoid the induced electric field decreases with increasing distance from the axis of 
the solenoid. 

IDENTIFY: A changing magnetic flux through a coil induret an cmf in that coil, which nvans that an clcctrx 
field is induced in the material of the coil. 

f • • d<t* , 

SET UP: Accceding to Faraday's law*, the induced clcetrie fWld obeys the equation tE di - - -- 

J dt 

EXECUTE: (a) For the magnitude of the induced clcctnc field. Faraday's law gives 

E2xr - <t(BxSydt - nS JB. Jj 
r <iB 0.0225 m 




(0.250 T.fs)-2.81x10 Vm 


2 di 2 

(b> Tlic field points toward tlie south pole of the magM and is dxrcasing. so the induced current is 
counterclockwise. 

EVALUATE: This is a very small electric flckl compared to most ocher* found in laboratory equipment 


Identify: Apply Faraday's law in the form £ I - V 


\r 


SET UP: The magnetic field of a large straight xolenocd is B - //,/?/ inside the solenoid and zero outside 
<T». - BA . where A is 8.00 cm*. th: cross*sectional area of the long straight solenoid. 
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29.34. 


29.35. 


29.30. 


29.37. 


Execute: (£^|=A t 


A4*. 


•v.i <«,-*> 

XA K nl 

At 


Ar 

At 


t . «' »:~nso:i- H 1 V.rxonoom .a.^»A» i950x]0 < v 

0.0400 s 


EVALUATE: An cmf it induced in th: tccond winding even though the magnetic field of the solenoid it zero at 
the lixation of the second winding. Hie changing magnetic field induces an electric field outside th: solenoid and 
that induced electric field fxxxluces the cmf. 
iDEVnFV: Apply Eq<29.14). 

SETUP: € - 3.5x10'" F/m 


Exec t xi : 


if. — 


it 


i- = <3.5x 10" F/mM24.0<l0 ; V ^-21x10" A give. 1^5.0* 


EVALUATE: I 0 deixnds on the rate at which <J» A is changing. 
IDENTIFY: Apply I;q.<29.14), where e - A\. 

SETUP: <M>. Idi =4(8.76x10' V-mtaV. t, =S.S54■ I0' 1 ' F ra. 
i, 12.9x10 11 A 


ifAHiii.: ( 


76.10 V nvV 1(26.1.10 ' v> 


- — 2.07 *1(1 t m The tlic-cinc conslant uc 


K - — - 2.J4. 

EVALUATE: The larger the dielectric ccmsiant. the larger is the displacement current lev a given J<f> Jdt. 
Identify and SET UK Eqs.<29.131 and <29.14) show that / t - r„ and also relate i„ to the rate of change of the 
clcctr*: field flux between the plates. Use this to calculate dl: tdt aixl apply the generalized form of Ampere's law 
(Eq.29.15) to calculate ii. 

k „ . __ 0280 A 

(a) E\EC Hi: / 


i fl i. 0.280 A 

“•A-™*-"-— 

zr 


r(0.0400 ml 


55.7 Am" 


(H> = - 55 7 Am - r = 6.29.Iff*' Vm 

dt ill c 8.854x10 ‘T N m- 



A A 

«. 

(c) SET UP: Apply Ampere's law \B dl -y/.(^ -t /j,).., <Fq <2K .20)) to a circular path with radius r - 0.0200 m. 
An end view of the solenoid is given in figure 29.36. 


By symmetry th: nugnctic 
field is tangent to the path 
ind constant around it. 


Figure 29J6 

Execute: Thin fa Jl - jBdl -u\jl- BQ. r» ). 

i c - 0 (no condition current flows through the air spare between the plates) 

The displarcmcnt current enclosed by the path is j u xr 3 . 

Thus 3\lxr) - and ^±(4xx\0 ■ T mAK55.7 A'm* K0.0200 m) - 7.01x10 ’ T 

(d) B - Now r is 4 the value in(c). so/? is r al*o: £=±<7.00x10 1 T) = 3.50xl0 : T 
Evaluate: The definition of displ&rcmcnt current allows the current to be continuous at the caparitor. The 
magnetic field between the plates is zero on th: axis (r - 0) and increases as / increases. 

IDENTIFY: q - CV . For a parallel-plate capacitor, C - —. where r - A'v y - dqfdt. >„ - . 

d dt 


Set Up: /: - A so dEidt - L/tA. 


Execute: (■) q - CV - I — \V 

d 


(4.70)c <3.00x10 4 m Xl20 V) 


2.50x10 m 


5.99x10 “ C. 
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29.38. 


29.39. 


29.40. 


lb) —~ic -6.00x10 1 A. 
dt 

(«> w 'W,=6.00x10 a. 

ai Kt^A A 

EVALUATE: i ( , - soKirohhofFs(unction rule xs satisfied where the wire connects to each capacitor plate. 
iDCVnFY and SET UP: Use \ -qtt to calculate the charge q that the current has carried to the plates in time t. 
The two equations proceeding Lq.i 24.2) relate q to the electric field E and the potential difference between the 
plates. The displacement current density is defined by Kq.<29.16). 

EXECUTE: (a) / : = 1.80x10° A 
q * 0 at t = 0 

The amount of charge brought to the plates by the charging current in time / is 
q ai./.(1*0x10' 1 AK0.500-10* *>-9.00*10 " C 


L-l 


9.00-10 


2.03*10' Vm 


t, t,A (8.S54* 10 C-'.'N m'XS.OO-IO ' m ) 

V i Ed -(2.03x10' V/mK2.00«IO 1 m>-406 V 

(b> Euql€*t 

dE dq.'dt /.- 1.80x10 J A 

dt c,A «,/l (8.854*10'• C-,'N m-)(5.00-10'm*( 

Since is cunstant dE'd: docs not vary in time. 
dE 

(c) /„ {llq <29 16)). with c replaced by c, since there is vacuum between the plates.) 

dt 

j lt = (8.854 * 10 C ! / N • m ; H4.07 -10'' V In • *( - 3.60 A m : 
io B j^A* (3.60 Ai'm 1 K5.00* 1 O'" m’>-1.80-10 ‘ A;io»4 

Evaluate: i t - i„. The constant conduction current nxans the charge q on the plates and the electric field 
between them both increase linearly w ith time and j,, is constant. 


iDf.MIFY: Ohm's law relates th: current in the wire to the electric held in the wire. J u - c — Use Eq.(29.IS) 

dt 

calculate the magnetic fields. 

SET UP: Ohm's hw says £ - nj . Apply Ohm s law 


circular path of radius r . 


. _ , pi )2.0xl0 * n mX!6 A) 

Execute: (a) £ = pJ - --0.15 Vm 

' 4 2.1-10* m J 

„ dE d<pl\ ad / 2.0*10" ll m 

dt dt\ A ) Adt 2.1x10* m* 

«> A, =5 ^-<,(38 VAn*»«3.4*10 " W. 
at 

(d) r„- j b A -<3.4x 10 M Am ; K2.1xl0 A m*)s 7.14x10“ A. I:q.(29.15) applied to a circular path of radius r 
gives B . - —dlL - £ ' 1 * 1,1 — — - 2.38 x 10 * T, and this is a negligible contribution. 

2 *r 2 x< 0 . 060 mi ^ * 

< I6A| =. 5.33x 10 ’ T. 

c 2 .rr 2 z ( 0.060 m) 

EVALUATE: In this situation the displacenxnt cunent is much less than the conduction current. 
iDf.MltY: Apply Ampere's law to a circular path of radius r < where R is the radius of the wire. 

SET Up: The path xs shown in Figure 29.40. 





Figure 29.4I> 
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29.41. 


29.42. 


29.43. 


29.44. 


Execute: There u no displacement current, so J B Jl — 

The magnetic ftckl inside the superconducting miterial is zero, so J/?•<// —0. But then Ampere’s law says that 
/ t = 0: thrre can be no conduction current through the path. This same argunxnt applies to any circular path with 
r < R, so all the current mu be at the surface of the wire. 

EVALUATE: If the current were uniformly spread over the wire's cross section. the magnetic field w ould be like 
that calculated in MxampV: 2S.9. 

IDENTIFY: A superconducting region has zero resistance. 

SET UP: If the superconducting and normal regions each lie along the length of the cylinder, they provide parallel 
conducting piths. 

EXECUTE: l.’nlcss some of the regions with resistance completely fill a cross sectsocul area of a long tvpe-ll 
superconducting wire, there will still be no total resistance. The regions of rei resistance provide the path for the 
cuncnt. 

EVALUATE: The situation here is like two resistors m parallel, where ooc has zero resistance and the other is non* 
zero. The equivalent resistance is zero. 

IDIVTIPV: Apply E*<28.29|: B = *-«,W. 

SET UP: For magnetic fields less than the critical field, there is no internal magnetic field. For folds greater than 
the critical fold. B is very nearly equal to B , 

EXECUTE: (a) The external fold is less than the critical field, so inside the supercocxluctuc B - 0 and 

M - 1 ■ 1 - - -<1.03x10* A*m)/. Oulsidc the superconductor. B - B t -(0.130 7*)/ an:! 3/-0. 

t** /Ai 

(bl The field is greater than the critical field and H - B v =(0.260 T)i\ both inside and outsifo the superconductor 
EVALL ATE: Below the critical fold the external field is cxpelV^l from the superconducting material. 

IDENTIFY: Apply B - B t -f //,.%/. 

SET UP: When the magnetic flux is expelled from the material the magnetic field B in the mitcrial is zero. 

When the material is completely nccmal. the magnetization is close to zero. 

EXECUTE: (a) Wfon B, is Just under B t , I threshold of superconducting phase), the magnetic fold in the 
material must be zero, and 3/--—- 1 -!-— - -<4.38 x I0 4 A/m)/. 

(b) When 2?. is just over B . (threshold of rarmal phase), there is zero magnetization, and B - fl . =<15.0 T)f. 

EVALL ATE: Between S^and B tl there are filaments of nccnxil phase material and there is magnetic field along 
these fllammts. 

Identify and SET UP: Use Faraday** law to calculate the migmtixlc of the induced cmf and Lenz’s law to 
determine its direction. Apply Ohm’s law to calculate /. Use liq.125.101 to calculate the resistance of the coil. 

(a) Execute: Th: angle 6 between the normal to the coil and the direction of B is 30.0\ 


|f | - - ( \xr : MB dt\ and / - |f | R 

For ( <0 and I > 1. CO s, dBdi - 0 |£|= 0 and f-0. 

I or 0 £ r £ I .00 v. dt - ( 0.120 TI z sin zi 

|f | - <Vt r‘ )r(0. 120 T)*in .n - (0.9475 V)sin CT 

H for wire: R -LL-£L : n- 1.72x10’ n m. r-0.0150-10 ‘ m 

A XT* 

L - Nc - \ 2xr - (500) 2^ H 0.0400 m) -125.7 m 


R , - 305S n and the total resistance of the circuit is R - 305S ii -t 600 il - 365S fi 
/ -|£| fR - (0259 mA(sm^/. The graph of / versus / is sketched in Figure 29.44a 


/ 
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29.45. 


29.46. 


29.47. 


<l>) The coil and the magnetic field arc drown in Figure I 


9 lih 



B increasing so <l>^ ix <£ 
and increasing. is 0 
so / » clockwise 


figure 29.44b 

Evaluate: The king length of simll diameter wire used to make the coil has a rather large resistance, larger 
than the resistance of the 600*0 resistor contacted to it in the circuit. The flux ha* a cosine time dependence to the 
rate of change of flux and the cuncnt have a sane tin*: dependence. There it no induced current for t < Oor / > 1.00 x. 
IDENTIFY: Apply Faraday's law and Lenz’t law 

y 

SET UP: For a discharging RC circuit. /(/) - — c ' * w here F is the initial voltage acrost the capacitor. The 

R 

resistance of the snail loop is (25x0.600 m ill .0 fl m) - 15.0 Cl. 

EXECUTE: (a) The large circuit ix an rtC circuit with a time constant of r-/?(’ = (!() 12X20x10 * F) = 200 /hl Thus, 
the cunrntas a function of tinx it i s ((100 V)/(I0 Cl )At t - 200 we obtain r = <10 AXr *) = 3.7 A 
(h| Assuming thxt oily the king wire nearest the ximll loop produces an appreciable magnetic flux thnxigh Ihe 

2 . 7 ;- 


small loop and referring to the solution of Exercise 29.7 we cbtain <I> 



Therefore, 


*/<!> ah a I dl 

the cmf induced in the small kiop at t - 200 /n is t - --In I *— . 

dt 2 x c 


^ (4TX10 WA •«n-K0*200m> _ 


3.7 A 


- tO.Sl mV. Thus, the induced current in the 


loop is f - i- 


54i/A. 


2 x l 200 x 10 x 

I) SI mV 
R 15 012 

(c) The magnetic field from the large loop is dxrcclcd out of the page within the small Icxip.Thc induced cuncnt 
will act lo oppose the decrease in flux from the large loop. Unix. Ihe induced current flows counterclockwise. 

E VAI.IATE: (d| Three of the wires m the large kiop are too far away to mike a significant contribution to the 
flux in the small kiop as can be seen by correlating the distance c to the dimensions of the large loop. 

IDENTIFY: A changing magnetic field causes a changing flux through a coil and therefore induces an emf in the 
coil. 


SET Up: Faraday's law says that the induced emf is £ - - 


jixI the magnetic flux through a coil is defined 


as - BA cos ^ 

Execute: In this case. <t> # , - BA % where A is constant. So the emf ix proportional lo Ihe negative slope of the 
magnetic field. Th: result is shown in Figure 29.46. 

Evaluate: It is the rate at which the magnetic field is changing, not the field's magnitude, that determines the 
induced cmf. When the field is constant, even though it may have a large vahie. the induced emf is jxto. 

€ 


I 


f :! 


Figure 29.46 


IDENTIFY: Follow the steps specified in the problem. 

SET UP: Let the flux through the loop due lo the current be positiv e. 


Execute: (a) <1>. - BA 


la 1 
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dt dt 2 2 Ji dt u,za 


(c) Solving — - -dt -~ k for /(ri Yields dr I = yg******. 

i Hjca 

(d) Wew»t f(/>(0.010) » ln<0.010)» -1(2*^™) and 

r .-££1 W 010). - ** i0M m) hi0.010) *4.55* 10 5 s. 

2 R 2(0.10 fl) 

EVALUATE: (c) Wc can ignore the selfindured currents because it takes only a very short time for them to die 
out. 

29.48. iDEMltY: A changing magnetic fickl causes a changing tlux through a coil and therefore induces an emf in the 
coil. 

SET L’P: Faraday's law savs that the indured emf is £ - -■ and the maunelK tlux thnniuh a coil is defined 


is <f>* - BA cos^. 

Execute: In this case. <t>., - BA* where A is constant. So the emf is proponional to the negative slope of the 
magnetic field Tl>: result is shown in Figure 29.48. 

Evaluate: It is the rate at which the magnetic field is changing, not the field's magnitude, that determines the 
induced emf. When the field is constant, even though it may hare a large value, the induced emf is «o. 

d 


f i h 

I i 

r 

i— 1 — 




Figure 29.48 

29.49. <a) IDENTIFY: (it |£| - . IYk tlux is changing because the magnitude of the magnetic field of the wire decreases 

with distance from the wire. Find the tlux through a nanow stnp of area and integrate over the loop to find th: total tlux. 

Set Lp: 



ill 

X 

i • 

,» 1 

_r_J 

• 1 
• • 

• • 

• • 


Consider a nanow stnp of width dx and a 
instance x from the long wire, as shown in 
figure 29.49a. The magnetic fx*kl of the wire 
at the strip rs B - pj/2xx. The tlux through 
be strip is - Bh dx - (udhf 2JZ)idxfx) 


Figure 29.49a 

EXECUTE: The total flux through the loop is <t>, - j »M>, -1 j1 — 


2.T / 


dt dt dt 2x ^ r[r+ a)) 

\f\- ^ ,afn ' 
ri 2xr{r+a) 

(ii> Idem DT : £ - Bvt for a bar of length / moving at speed r perpendicular to a magnetic field B. Calculate the 

induced emf in each side of the loop, and combine the emfs according to their pnlantv. 
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29.50. 


29.51. 


SET UP: The four segments of the loop arc .shown in Figure 29.49b. 


i i 


EXECUTE: The cmf in each side 

of the loop is £ =1 iii- |»*. 

2 xr 


£ 




lxrir+a\ 




Figure 29.49l> 

[kith cmfs £ and £ are directed toward the top of the loop so oppose each other. The net cmf is 




1 

2ir r 




2*r<r-to) 

This expression agrees with what was obtained in (i) using Faraday's law. 

(b> <il IDENTIFY' and SET UP: The flux of the induced current opposes th: change in flux. 

Execute: B is ©. is 0 and decreasing, so the flux <t> #J of the induced current is 0 and the current rs 
clockwise. 

(ii) Idem IIY and SET Up: Use the right hand rule to find the force on the positive charges in each sxle of the 
loop. The forces on positive charges in segments I and 2 of the loop arc shown in Figure 29.4W:. 





i 


T 

0 

— © 

T 

0 



p 




Figure 29.49r 



EXECUTE: B is larger at segment 1 since it is closer to the long wire, so F M is larger in segment I and the 
induced current in the loop is ckickwise. "Hiix agrees with the direction &duccd in l i) using Lcnz’s law. 

(c) Evaluate: When v - 0 th: induced cmf should he zero; the expression in part (a) gives this. W hen a -> 0 
the flux goes to zero and the cmf should ^lproach zero; the expression in part (a) gives this. When r -* « the 
magnetic field through the locfi goes to zero and the cmf should go to zero; the expression m part (a t gives this. 
Identify: Apply Faraday's law. 

SET UP: For rotation about they -axis the situation is the same as m Examples 29.4 and 29.5 and we can apply the 
results from those examples. 

EXECUTE: (a) Rotating about the Y-axis: the flux is given by - #.lcostf> and 




* 1 ioBA - (35.0 rad;»110.450 TK6.0O* 10 ’ ml -0.945 V 

d* 


(hi Rotating about the r-axis; 


- 0 and £ - 0. 


A 


(cl Rotating about the r-axis: the flux is given by <1>* - BAcotfi and 
—^1 - aiBA - (35.0 rad:l|(0.450 TK6.00-10 1 ml - 0.945 V. 


EVALUATE: The maximum cmf is the same if the loop is rotated about an edge parallel to the r-axis as it is when 
it is rotated about the r-axis. 

Identify : Apply the results of Example 29.4. so = StoBA for jV loops. 


SET Up: For the minimum to. let the rotating loop hive an area equal to the area of the uniform magnetic field, 
so d =< 0.100 m)\ 


Execute: A t = 400. B - I.5T . A = (0.l00m)’ and a 120 V gives 
to - SmJNBA - <20 rad sR 1 rcv 2.r radK60 s i min) - 190 rpm. 
Evaluate: In £ - tvRA % to is m rad s. 
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29.52. 


29.53. 


29.54. 


IDF.NI1FY : Apply the results of Example 29.4, generalized to »V loops: £^ - NaBA. v - raj, 

SET UP: In the expression for £ mu0t , oj must he xn rad x. 30 rpm - 3.14 rad s 

EXECUTE: (a) Solving for A we obtain A - —— --- = 18 m‘ 

<oS'B (3.14 rad x)2XM) tumOfR.Ox 10 1 T\ 

(b) Assuming a point cm the coil at maximum distance from the axis of rotation we have 


’ - rej - i—- 


[3.14 rad's) = 7.5m/s. 


EVALUATE: The device is not very feasible The coil would need a rigid frame and the cfleets of air resistance 
would be appreciable. 


IDENTIFY : Apply Faraday's law in the form £ - -iV 


V 


calculate the average emf Apply Lenz's law to 


rakulite the direction of the induced current. 

SET UP: <f> = BA . The flax chances because the area of the l«ip changes. 


Execute: (a) £ 


A-t*. 

_ fi 

A! 

At 


a7 


I—- (0.950 T| 


*<0.0650 2 m> 


0.0126 V. 


0.250 s 

(b) Since the magnetic field is directed into the page and the magnitude of the flux through the loop is decreasing, 
the induced current mast produce a field that goes into the page. Therefore the current flows from point a through 
the resistor to point h . 

EVALUATE: Faraday's law can he used to find the direction of the induced current. Let A be into the page. Then 
is positive and decreasing in magnitude, so d<t> A /di < 0. Therefore £ > 0 and the induced current is clockwise 
around the loep. 

IDENTIFY: By Lenz’s law. the induced current flow’s to oppose the flux change that caused it. 

SET UP: When the switch is suddenly closed with an uncharged ca|Mcitce. the current in the outer circuit 
immediately increases from zero to its maximum value. As the c^iaeitor gets charged, the current in the outer 
circuit gradually decreases to zero. 

EXECUTE: (a) Ml The current in the outer circuit is suddrnly increasing and is in a counterclockwise direction 
The magnetic flekl through the mrxr circuit is out of th: paper and increasing. The magnetic flux through the inner 
circuit is increasing, so the induced cunent in the inner circuit is clockwise (a to h) to oppose the flux inrreaxe. Ini 
The current in the outer circuit is still counterclockwise but is now decreasing, so the magnetic field through the 
inner circuit is out of the |Mgc hut decreasing. The flax through the inner circuit is now decreasing, so tlv induced 
current is counterclockwise \h tod) to oppasc the flax decrease. 

(b) The graph is sketched m Figure 29.54. 

EVALUATE: Even thnugh the current in the outer circuit does not change direction, the current in the inner circuit 
docs as the flax through it chances from incrcasinc to decreasing. 


> 



29.55. 


IDF.N’IIFY: Use Faraday’s law to calculate the indured emf and Ohm's law to find the tndured current. Use 
E«l(27.19) to calculate the magnetic force f] on tlx induced current. Use the net force /' - f] in Newton's 2nd 
law to calculate the acceleration of the rod and use that to describe its motion. 




29.5*. 


Llcctrunugnciic Induction 29*1? 


(a) SET Up: The force* in the rod are shown in Figure 29.55a. 


\ A >B 


EXECUTE: |£*| - 

ImSH 


il 


-BL\ 


figure 29.55a 

»y«t> 

IJa £ - -— jl- to find the direction of /: Let A be into the page. Then >0. The area of the circuit is 

increasing, so - ^ > 0. Then £ <0 and with our direction for A thr* means that £ and / arc counterclockwise. 

dt 

is shown in the sketch. The force F. on the rod due to the induced current is given by F t - II x B This give* F t 
to the left with magnitude F, - /I.B = (BLv'R)LB - B i L*v/R. Note that F t is directed to oppose the motion of the 
rod. a* required by Lenz'* law. 

EVALUATE: The net force on th: rod is F - F^ so its acceleration is a - (F - F : )fm - (F - B*L*v/ R\!m. The 
rod start* with v “ 0 and a • Flm. As the speed v increases the acceleration d decrease*. When tr - 0 the rod ha* 
reached its terminal speed ».. The graph of v versus r is *kdched in Figure 29.55b. 



I Recall that d is the dope of the 
tangent to the v versus f curve. > 


m “ " J " d V ' a J-jT 

EVALUATE: a large /•* produces a large v,. If B is larger, or R is smaller the induced current r* larger at a given v 
so /*. is larger and the terminal speed is les*. 

iDiVlltY : Apply Newton’s 2 U law to the bar. The bar will experience a magnetic force due to the induced 
current in the loop. Use d - dv'di to solve foe v. At the terminal speed, a - 0. 

SET L’P: The induced cmf in the loop has a magnitude BLv . The induced emf is counterclockwise, so it oppose* 
the voltage of the battery. £ 

Execute: (a) The net current in the kiop is / - * l . Th: acceleration of the bar is 

R 

f ILBsmtolf) (£-BLv)LB _ c , tA ^ Ay <£-BLv)LB . , € . 

a - - --- To find WO .set ill - d - --- and solve for v using the method 

m m mR dJ mR 

of separation of variable*: 

j. ^ f -* V = = <1° ^ 


(f-flii) mR 


U 


The graph of v versus t is sketched in Figure 29.56. Note that the graph of this function i* similar in appearance 
that of a charging capacitor. 

(b) Just after the sw itch i* closed, v - <) and / = £*R -2.4 A. F - /LB - 2.8S N and a - F/'m - 3.2 m /% 1 . 

(c> When , - 2.0 nv,, . „ L 1 ?. V . ■-< 15 ™ 0S mM -° m - >1<0 H mHl - 5 T> , 2.6 -*». 

l0.9DkgM5.0ni 

(<1 > Note that as the speed increases, the acceleration decreases. The speed will asymptotically approach the 


tcrmiml speed - 


12 V 


BL |1.5 T KD.H ml 


- 10 in s, which makes the acceleration zero. 
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29.57. 


29.58. 


29.59. 


EVALUATE: The current in the circuit is counterclockwise and the imgnctic fcccc on the bar rs to the rigbt. The 
energy that appears as kinetic energy of the moving bar is supplied by the batten*. 



Figure 2936 

iDEVim: Apply t - BvL Use Y^F - ™ ^lplied to the satellite motion to find the speed »• of the satellite. 
SET UP: The gravitational force cot the satellite is F - G -- wh.*rc m is the maw of the satellite and /* is the 


- in— and r = 400x10'm - ff, uni* i - I 1 '"' 1 - 7.665.10’ ml. 
r r V r 


radius of its orbot. 

Execute: 0=8.0x 10 ‘T.£»2.0m. G 

r~ r 

Uang this v In £ = rBL give* £ = (8.0 -10 ' T!(7.665x I0‘ mlX2.0 m) = 1.2 V. 

Evaluate: The induced cmf is large enough to he measured easily. 

iDf.MItY: The induced cmf is £ - BvL* where /. is measured in a direction that is peryvmhcular to both th: 
magnetic field and the velocity* of the bar. 

SET L'P: The magnetic force pushed positive charge toward the high potential end of the bullet. 

Execute: (a) £ - BLv = (8 x10 ‘ T KO.Ofrl mX300 m s) - 96 ;/V. Since a positive charge moving to the east 
would be deflected upward, the top of the bullet will be at a higher potential. 

(b) For a bullet that travels south, v an;! B are along the urae liix. there is no magnetic force and the induced emf 
is rero. 

(c) If r is hcei/ixital. the magnetic force on positive charges in the bullet is cither upward or downward, 
perpendicular to the line between th: front and back of the bullet. There is no cmf indixed bdween the front and 
back of the bullet. 

E VAl.tATE: Since the velocity of a bullet is always in the direction from the back to the front of the bullet, and 
since the magnetic force is peipendicular to the velocity, there is never an induced cmf between the front and back 
of the bullet, no matter what the direction of the magnetic field is. 

iDt.MItY: Find the imgnctic fWld at a distance r from the center of the wire. Divide the rectangle into narrow 
strips of width dr . find the flux through each slrip and integrate to find th; total flux. 

SET L’P: lixamplc 28.8 uses Ampere’s law to show thit the magneto field inside the wire, a distance r from the 
axis, is B(r) - ^ trj2xR*. 

EXECUTE: Cccisidcr a small strip of length M* and width dr that is a distanre r from the axis of the wire, as shown 

in Figure 29.59. The flux through the stnp is - B[r)Wdr - -^\ rdr. The total tlux through the rectangle is 

2 t R‘ 

Evaluate: Note thit the result is independent of the radius R of the wire. 







Figure 2939 
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29.60. 


29.61. 


IDENTIFY: Apply Fanufay's law to calculate the magnitude and direction of the induced emf. 

SET L’P: Let A be directed exit of the page in Figure 29.50 in the textbook. This nxons that counterclockwise emf 
is positive. 

Exteure: (a) <t», - BA - Bpr.\\ - 3(1/0’ » 2(r/U‘> 


|b)f - -fl,.TT„-£(l -Ml't.r ' 201 ,)‘ I - \ * 6(11, )'x £ * -- g,TI ' 

at at t v f., 

„S.O. l O**.f 1 :- 6fl - T ' OW20m » ;frSO ‘ IOi 


At 


0.010 

0665 V 


5.0x10 
0.010 s 


- 0.0665 V. £ is positive » it is 


-12 12-10.2 il. 


0.010 s 

counterclockwise. 

(c > / - 3 K . :'iS--3r-- 

““ / 30x10 A 

(d) livalualing the emf at r - 1.21 x 10 ' * aid u»ing the equations of part (b). £ = -0.0676 V. and the eunent flows 

clockwise, from h to a through the resistor. 

. 1 - — and - 0.010 s. 

K 

Evaluate: At / - t v , B = 0. At / - 5.00 X 10 ‘ x. B is in tlx- +k direction and is decreasing in magnitude. Lcnz'x 
law therefore says £ is counterclockwise. At I - 0.0121 s. B is m the tk direction and is increasing in magnitude. 
Lcnz’x law therefore says £ is ckickwixe. These results for the direction of £ agree with the results we obtained 
from Faraday's law. 

(a) and (b) IDENTIFY and Set Up: 




The magnetic field of the wire is given by 
aJ 

B - --and varies along the lcouth of the 

Ixr 

bar. At every point along the bar B has 
direction into the page. Divide the bar up into 
thin slices, as shown in Fiuurc 29.61a. 


Execute: The emf d£ irxluccd in each slice is given by d£ -rxBdt.rxB is directed toward the wire, so 
-vB dr - - v I —- \dr The total emf induced in the bar is 

l 2*r } 


•‘-£!l0n(<JrL)-ln(dft*-!h!l 1(1» id! 

2.T 2 ,7 

EVALUATE: The minus sign means that is negative, point a is at higher potential than point h. <The force 
£ • ifv x R on positive charge carriers in the bar is towards a. so a ts at haglxr potential.) The potential difference 
increases w hen / or v increase, or J decreases. 

(c) IDENTIFY: Use Faraday's law to cakulatc the induced emf. 

SET Up: The wire and loop arc sketched in Figure 29.61b. 


i 


W-* 


Execute: As the loop moves 
lo the right the magnetic tlu.\ 
ihrough it doesn’t change. Thus 


f-- 


L-0 and / - 0. 


(I 


Figure 29.61b 

EVALUATE: This result can also be understood as follows. The induced emf in section ah puls point a at higher 
potential: the induced emf in section dc puls point d at higher potential. If you travel around the loop then these 
two induced emf s sum to zero. There is no emf in the loop and hence no current. 
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29.62. 


29.63. 


29.64. 


iDEVllfrY: £ - vBL . where v is the component of velocity perpendicular to the field dircctxm and perpendicular 
to the bar. 

s»:r UP: Wires A and (* have a length ot* 0.500 in and wire l) hat a length of ^2(0.500 my - 0.70? m. 
EXECUTE: W ire A: » ; it parallel to B. to the induced cmf it zero. 

Win; C: t* it perpendicular to R The component of » perpendicular to the bar it i* cos 45°. 

£ = (0.350 nvs)(co*45 c XO.120 TX0.500 m) ■= 0.014K V. 

Wire D: v it perpendicular to B. The component of »• perpendicular to the hir it rcos4S*. 

£ = (0.350 nvs)(co*45°XO.120 TX0.707 m) ^ 0.0210 V. 

EVALUATE: The itxluced emf depcrxlt on the angV between v and B and also c«i the aneV; between v and th: bar 
(a) IDENTIFY: Utc tlie expression for motional emf to calculate the cmf induced in the rod 
SET UP: The rotating rod it shown in Figure 29.63a. 

The emf indured in a thin 
tlicc is d£ -v *R Jl. 


Execute: Assume that B is directed out of the page. Then v x B is directed radially outw ard and 
di - dr, so r x B di - vB dr 
v = rru so d£ - (oBr dr. 

The d£ for all the thin slices that make up the rod arc in tenet so they add: 

£-\d£ - f ‘ toBrdr - ivBL 1 -~<8.R0 radsM0.650 TX0.240 m>* ^0.165 V 
Evaluate: £ increases with m. R or D. 

<b) No current flows to there is no IR drop in potential. Thus the potential difference between the endt equals the 
cmf of 0.165 V calculated in part (a). 

(c> SET UP: The rotating rod it shown in Figure 29.63b. 



Figure 29.63b 



- L » 

Figure 29.63a 


Execute: The emf between the center of the rod and each end is £ - ^a>B{Lt 2) - ^<0.165 V) - 0.0412 V. 
with the direction of th: cmf from the center of the rod toward each end. The emfs in each half of the rod thus 
oppose carh other and then: it no net emf between the endt of the rod. 

EVALUATE: m and R are the same as in part (a) but /. of each half is jL for the while rod. £ is proportional to 


L\ so is smaller by a factor of i. 

Idem itY: The power applied by th: person in moving the bar equals the rate at which the electrical energy is 
dissipated in the resistance. 


Set Up: 


From F.xamplc 29.7, the power required to keep the bar moving at a constant velocity is P - 




EXF.cc,E: (■) «,(g^)lj(02STK3fl , nH2.O- l ,H > a0090fl . 

I 25 W 

<1>> For a 50 W' power dissipation we would require thit the resistance be decreased to half the previous value. 

(c) Using the resistance from part (at and a bar length of 0.20 m. 

„ (BLvY [<0.25TK0.20 mXlO m/tjf _ „ ., ». 

R 0.09012 

EVALUATE: When th: bar is moving to the right the mignctic fcccc on the bar is to the lefr anJ an applied force 
directed to the right is required to maintain ccmvtant speed. When the bar is moving to th: lefr th: mignctic force 
on the bar is to the nght arxl an applied force directed to the left rs required to maintain constant speed. 
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29.65. <a) IDENTIFY: Use Faraday's law to calculate the induced emf. Ohm's law to calculate /. and Eq.(27.l9| 

calcuiite the force on the rod due to the induced current. 

SKI L’P: The force on the wire it shown in Figure 29.65. 

EXECUTE: When the wire has >pccd v 
* * /If % x » the indured emf is £ » Bva and the 

'• *•—i—*' . “ 

1 * *1 * * % inducedcurrent is it - - 


Figure 29.65 

The induced current flows upward in the wire as shown, so the force F - // x B exerted by the magnetic field on 
the induced current is to the left. F opposes the motion of the wire, as it must by Lenz*x law. He magnitude of 
the force is F- JaB = B'a'vf R. 

(b) Apply ^ /' = ma to the wire. Take -ir to be toward the right and let the origin he at the location of the wire at 
r - 0 . so x t = 0 . 

F t - ma 4 says - F - ma k 


w mR 


Use this expression to solve for \(i): 


flVt , dv B 

_ _ 


. mR J j 


Wv>- ln(vd=- 


. V flVr 
in — - --— 

v.. mR 


v - 


Note: At I s 0, v a v„ and r -* 0 wlxn f -> w 
Now solve for *</): 

i ii 






Comes to rest inplies »• - 0. This happens when t -♦ox 

f cc gives .r - . Thus this is the distance tlx wire travels before coming to rest. 


EVALUATE: The motion of the slide wire causes an indixed emf and current. The magnetic force on the induced 
current opposes the motion of the wire and eventually brings it to rest. TTic force and acceleration depend oo \ and 
arc constant. If the acceleration were constant, not dunging from its initial value of a t - -B m a~v 0 fmR % tlxn the 
stopping disianee would he x - -\£/2a t - mRv v f2B’a’. Tlx actual stopping distance is twice this. 

29.66. IDENTIFY: Since the Kir is straight and the magnetic field is uniform, integrating d£ - r x B dl along the length 
of the bar gives £ = (r xB) L 

SET Up: » ; - (4.20 nvVM* L - (0.250 mMcos36.9°# : + sm36.9“/). 

Execute: (a) £ -<* ; x /h /. -(4.20 m/sW *«0.I20 T)f -(0.220T)}-(0.0900 Tift)-£. 


178 V/m)/-(0.924 V/m)*) 1(0.250 mHcos 36.9°/ * sin 36.9°j l). 


£ - (0.37K VAnK0.250 m)sin 36.9° - 0.0567 V. 

(b) The higher potential end is the end to which positive charges in the rod are puslxd by the magnetic force. 
txB has a positive v-comnoncnt. so the end of the rod marked * in Figure 29.66 is at higher potential 
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EVALUATE: Since v x B has nonzero j anil k components, and /. has nonzero f and j components. only the 
k component of B contributes to €. In fad. fcl- (420 m<%KQ.W00 T)(0.250 m)nn36.9^ = 0.0567 V. 



29.67. IDENTIFY: Use F:q.(29.101 to calculate the induced electric field at each point and then use F - qE 
Set up: 

Apply *di - - to a cofxcntnc circle of 

radius /*. ax shown in figure 29.67a. Take A to 
he into the page, in the direction of B 

Figure 29.67a 

g then gives —^ > 0. so *di is negative. This mrans tliat l ; is tangent to the circle 
dt J 



EXEC l If: li incrcxviri 


the counterclockwise direction, as shown in Figure 29.67b. 

I 

£ 



j>£ • dl - -£< 2 .rr) 


- - xr*— 
dt 


Figure 29.67b 


, tjif atJ 

-E(2xr) - —jtz — xo E - ir— 
dt * dt 

uxnt a The induced electric field and the force on q arc shown in Future 29.67c. 


Figure 29.67c 


F - qE - Lqr—. 

dt 

F is to the left 

{F is in th: same direction » E since 
a ix positive. I 


»wt b The induced electric field and the force on q arc shown in Figure 29.67d. 

F 


v r • dB 
t -qE- rtf '— 
dl 



F k toward the top of the page. 


Figure 29.67d 

point r r - 0 hrre. so E - 0 and F - 0. 

EVALUATE: If there were a concentric conducing ring of radius r in the magnetic field region. Lenz’s law tells 
us that the increasing rmgnctic held would induce a countcrc lock wise current in the ring. This agrees with th: 
direction of the force we calculated for the indiv idual positive point charges. 

29.68. iDf.vntY: A bar moving in a imgnctic field has an cmf induced across its ends. The propeller acts as such a bar 
SET UP: DitTerent parts of the propeller are moving at different speeds, so we must integrate lo get the total 
induced cmf The potential induced across an element of length dx is d£ - vBdx . where B is uniform. 
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29.69. 


Execute: (a) Call x Ihc distance from the center to an element of length dx % and /. the length of tlx propeller. 

ri.i % 

The speed of dx is r/u giving d£ - \Bdx - xtoBdx. £ - J xcoBdx - taBLft. 

< l>> Tlic potential ditVererxe is zero since the potential is the same at both ends of the propeller. 

(f) £ .fcrJirjllEL 0.50-10" Tjil^ll-SJJxlO-* V-058 mV 


EVALUATE: a potential difference of about i mV is not large enough to he concerned about in a propeller. 
IDENTITY: Follow the steps specified in the problem. 

SET UP: The electric field region is sketched in Figure 29.69. 


Exec i tl 


r • - 

J i: M —. If if is 


constant then 




-u, so 


dl -0 


li d! -E+L-E^L- 0 . 


SiM 


£j - 0 , so E+L - 0. But since we assumed £. s * 0. this contradxts Faraday’s law. Thus, we can’t have a 
uniform electric field abruptly drop to zero in a region in which the magnetic field is constant. 

Evaluate: If the magnetic field in the region is constant, then the integral ^E dl must be zero. 



Figure 26.69 

29.70. IDENTITY and SET UK At the terminal speed i if the upward force F ( exerted on the loop due to the induced 
current equals the downward fevee of gravity: F t - mg. Use I:q.(29.6) to find the induced cmf in the side of the 
loop that is totally within the magnetic field. There is no indixed cmf in the other sides of the loop. 

Execute: E = Bvs % / - B\xl R and F. ^ UB - R 

B’x 2 1 . mvR 

-r am — 


A ±,t d' 2rd 

Using these exprcssireis for m and R gives i, = 16 p^pgg • B ’ 

EVALUATE: Wc know p m - 8900 kg nf (Table 14.1) and p t * I 72x 10 * El • m 
(Table 25.1). Taking B - 0.5 T give* v $ - 9.6 cm's. 

29.71. IDENTITY: Follow the steps specified in the problem. 

SET UP: (a) The magnetic field region is sketched in Figure 29.71. 

Execute: (b) js dl - 0 (no currents in the regionL Using the figure, let B - BJ for v < 0 and B = 0 for y >0 . 

B dl - B^L - fl 4 L - 0 but B^ - 0. B^L - 0. but B^ * 0. This is a contradiction and via laics Ampere’s Law. 

Evaluate: Wc often describe a magixttc field as being confined to a region, but thrs result shows that the edges 
of such a region can’t be sharp. 

*-> 


B + 0 



Figure 29.71 
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29.72. 


29.73. 


29.74. 


IDENTIFY and SET Up: Apply Ohm's law Id tlx diclcctrx to relate tlx current in the dielectric to the chirge on 
the plates. Use Ilq <25.11 for the current and obtain a differential equation for g(f)* Integrate this equation to obtain 
?(f) and j(tX Use E -qUA and Eq.(29.l6) to calculate y^. 

Execute: (a) Apply Ohm's law to the dielectric: The capacitor is sketched in Figure 29.72. 




C <1 


Figure 29.72 




Kt,A 




The resistance R of tlx dxlcclrx slab is R - pdlA. Thus j(i>- li-i I — - 1,1,1 . But the cunent i|fl 


R \K€>A)\pd) Kcjy 

in the dxlectric is related to the rate of change dq'dt of tlx chirge q{i\ on tlx plates by #(i) - dqdi (a positive t in the 
direction from the 1 to the plate of the capacitor corresponds to a decrease in the charge). Usinu this in the above 


gives 


A/x;, 

time / when tlx charge is q(l). ( — - - 

Ml <1 


dq Jt 

t). —- - - Integrate both sides of this equation from / - 0. where q - O 

4 KP*, 


laid 




A. Inl±l«- 




;nd «(/) - Q.e 1 




I .1.1 


rt!) --- - 

<1/ I Km, 


the negative plate of tlx capacitor. 


1 "* and ie - ill! - ’ « 


•I I AKpt, 




Tlx conduction current flows from the positive to 


€A K*A 
. dE dE __ dqit)idt Lit) 

Tlx minus sign means that y (l l/) is directed fnxn tlx negative to the positive plate E is from • to but dEfdt is 
negative (£ decreasesi so y D (/) is from to ♦. 

Evaluate: There rs no conduction cunent to and from the plates so the concept of displacenxnt cunent. with 

— « 

j a = -j in the dielectric, allows the current to be continuous at tlx capacitor. 

IDENTIFY: The conduction current density is related to the electric field hv Ohm’s law. 7Tx displacenxnt current 
density is related to the rate of change of the electric field by Eq.(29.16). 

SET UP: dEidt - cos ox 


Execute: (a) /.(max)- 

p 2300 Cl m 


£,""»vm„.96„o<A m » 

p 2300 Qm 

(b> > D (max> - «, j 4- | - «.«£. “ - 2 .t*<1 20 HzM0.450 V.m) - J.00- 10" A m 1 

(c> If /, - >„thcn — - ft*,/.',and n»- — a 4.91 -10 rad s 
P /*. 

^4.9.,.oV„ 

2,7 2<T 

EVALUATE: (dl The two current densities are out of phase by 90° because ooc has a sine function and the other 
has a cosine, so the displacenxnt current leads the conduction current by* 90°. 

IDENTIFY: A current is induced in the loop because of its motion and because of this current the inagixtic field 
exerts a torqix on the loop. 

SET UP: Each side of the loop has mass m.' 4 and the center of mass of each side is at the center of each side. The 
flux through tlx loop is *t>, — /Mco%4. 




ITcctromignctic Induction 29*25 


29.75. 


29.76. 


EXECUTE: (a) f a = * mg summed over each leg. 

2 A 4r 




: - m '^cos4 (clodwise). 


ijr > B - lABsin & i coutucrcloekw wel. 


f --— * _- - to * ——sin jk The current is going counterclockwise looking to the -A direction 

R R di R di 


Therefore, r. 


B’A‘0, 


direction of ti>: rotation. 


(b) r - /«</ being the moment of inertial. About thi% axis / — —ml". Tlierctoce. 



ft = 

5 ml 

Evaluate: (c) The magnetic torqia: slows down the fall lunce it opposes the gravitational torque). 

(d) Some energy it lost through heat from the resistance of the loop. 

IDENTIFY: Apply I;q.<29.10). 

SET UP: Use an integration path that ix a circle of radius r. By symmetry the induced electric field is tangent to 
this path and constant in magnitude at all points on the path. 

Execute: (a) The induced electric field at these pcxnts is shown in Figure 29.75a. 

(b) To work out the amount of the electric field that k in the direct ran of the loop at a general position, we will use 

£ £ fcos 0 

the geometry shown in Figure 29.75b. A* - A*cosfJ but £i-- - Therefore. 

6 ’ 2t r 2 t<<i/co* 0) 2 .w 


£ cctt* 0 t /0> JB : JB jra' dB c xa l dB a 

l- - But £ - A —-. 7 /-. so f ,- 

* 2.7 a di di di cos* 0 di 2 xa dt 2 


dB 


This is exactly the value 


for a nng. obtained in Exercise 29.30, and has no dependence on th; part of the loop we pxk. 


a 


! di 


W 12 


«l = = ' " 1.75.10' V. Bui there « polenlul drop P - « - -1.75 «10 * V, 

8 8 dl 8 

so the potential ditTcrcnce is zero. 

Evaluate: The magnitude of the induced cm!betw een any two points equals the magnitudes of the potential 
drop due to the current through the resastance of that portion of the loop. 




Figure 29.75 

Identify: Apply F.q.<29lO). 

SET UP: Use an integration pith that ix a circle of radius r. By symmetry* the induced electric field is tangent to 
this path and constant in magnitude at all points on the path. 

Execute: (a) The induced emf at these points is shown in Figure 29.76. 

(b) The induced emf on th: sxle M' is zero, because the electric field is always perpendicular to the line ac. 


(c) To calculate the total emf in the loop. £ - 


i £ 

tit tit 


(0.20 m)’(0.035 Tit) = 140x10 V. 




29-26 Chapter 29 


29.77. 


29.78. 


f 1.40* 10 * V 




-7.37*10* A 


.9012 


<e) Since the loop it uniform, the resistance in length ac it one quarter of the total resistance. Thavfac tlx 
potential difTcrcixc between a and c b \\ - JR^ - <7.37x10 * AKI90Q/4) = 3.50x10 4 V and the point a is at a 
higher potential since the current it flowing from a to c. 

Evaluate: Thtt loop has the sanx resistance as the locp in Challenge Problem 29.75 and the induced current is 
the same. 



IDI.VIIFY: The motion of the bar produces an induced current and that results in a magnetic force on the bar. 

SET UP: f, is perpendicular to B . to is hori/ceital. The vertical component of the normal force cqualt mgcosp. 
to the horizontal component of tlx normal force equals mg land 

EXECUTE: (a) As the bur starts to slide, the flux is decreasing, so the current flows to increase the flux, which 

LB L0MLB dA LB s li’fl' 


meant it flows from a to n. J\ - i La - £ - 


R d 


- B — --1vz.cosoI - 

R <ll R 


cotp At the terminal 


speed the horizontal forces balance, so mg* land — - -cosd and t ---- 

R I/r cot d 


,c) r= £ = J£2l = Lb* . £(V/.cos,) vLB "+ - 

R R di R di R R LB 

lo '• “ d r.- R " r lT * 


EVALUATE: The power ill part (c) equals that in part I d), at it required by contervation of energy. 

IDFMIPY: Follow the slept indicated in the problem 

SET UP: The primary assumptxm throughout tlx problem it that the square patch is tmall enough so that the 
velocity it constant over its whole area, that is. v = or * tad. 


EXECUTE: (a) ->clockwise. R -♦ into page £ - \BL - todBL. I - — - — - \ Since » ; x B points 

R pL p 

todBLt 

outward. A is just tlx crow-sectional area iL. Thxicftec. /- - flowing radiallv outward sirxe r * B points 


outward 


<b) % - d * F and F A — !L* B - lLB pointing countcrelickwi.se. So r• -painting out of the pige la 

P 

counterclockwise torque opposing the clockwise rotation!. 

(c) If m —p counterclockwise and B -* into page, then / —* inward radially since t 1 x B points inward, 
r —> clockwise (again oppotmg tlx motion). If fo -> counterclockwise and B ->out of the page, then / -> radially 
outward, r —♦ clockwise (opposing tlx nxitkin) 

The magnitudes of / and r are the same as in pari (a). 

Evaluate: In each ease the magnetic torque due to the induced current opposes the rotation of tlx disk, as is 
required by conservation of energy. 





*0.1. IDKMIIY and Si. I t’P: Apply Eq.lAO.4). 

Execute: (a) |£U SI -L ^ (A.2Sx 10 4 IIHH30 A s) ^ 0.270 V; yes. it is 


constant 


<b) |£l|a M ; A / is a property of the pair of coils so is the same as m part (a). Thus |i‘J - 0.270 V. 

Evaluate: The induced emf is the same in either ease. A constant difdt pxodures a constant emf. 

* 0 . 2 . IDF-VIIIV: £ X -M and t\ - . 1 / — . M - . where is the flux through one turn of the sccood 

j\t Sj 

coil. 

SET UP: A/ is the same whether we consider an emf induced in coil 1 or xn coil 2. 

Execute: u> M - . ‘ —-1-6X2x10 ' II =6.82 mil 

|\i 'A.'| 0.242 Alt 

■W L - l 6.S2- || ) ' | h l .^A) =327> ,o. Wb 
J ' V, 25 

<c> e, -M -(6.82x10 11X0.360A/’*) = 2.46* 10 V-2.46mV 

EVALUATE: We can express A/cither in terms of the total flux through one coil produced by a current in the 
other coil, or in terms of the emf induced in ooc coil by a changing current in the other coil. 

*0..*. IDCMIFY: Replace units of Wb. A and fi by their equivalents. 

SETUP: IWb-lT m\ 1 T -1 N(Am). I N • m -1 J. IA-IC/s. 1 V ^ 1 J.C. IV/A«lfi 
Execute: lll-l'VVA-lTm'.'A-IN m’A'-l 1/A 1 - I (J.JA • cjl* = 1 (V/A)» = in t. 

EVALUATE: We may use whichever equivalent unit is tlie most convenient in a particular problem. 

*0.4. IDEMIIY: Changing flux from one object induces an emf in amthcr object. 

(a) SEI Up: The magnetic field due to a solenoid is B - fij\L 
EXECUTE: The above formula gives 

(4tx 10 : T• m A)(300X0.120 A) 


-1.81k 10 4 T 


250 m 


Tlie average flux through each turn of the inner solenoid is therefore 

«t> rf = fi,.-! =<1.81x10* T|x(0.0l00ml 1 -5.68x10' Wb 
(b) SET Up: The flux is the same through each turn of Kith solcnoxls due to the geometry, so 

J , ^ 

<25)15.68x10 ‘ Wb) 

Execute: M -- 1 - I 18 x 10 ' II 

0.120 A 


(c> SET UP: The mdtxed emf is S. - -SI —. 


Execute: S 1 = -(l.lftxlo a4 »I|(I750 As )- -0.0207 V 
Evaluate: A mutual inductance around 10 II is not unreasonable. 


AO-1 





Jfr-2 C hapter JO 


30.5. 


30.6. 


30.7. 


30.8. 


30.9. 


30.10. 


30.11. 


IDENTITY and Sit Up: Apply Eq.(30.S). 

CXECtlE: ( . ) */,^i, 400|00320Wl >_,.96„ 


Ib» W - 


\ 6.52 A 

Mis (1.96 111(2 .54 Ai 


-7.118 10'* Wb 




EVALUATE: 3/ relates the current in one coil to the flux through the other coil. I5q.<30.5) shows that M is the 
tame Uk a pair of coils, no matter which ooc has the current and which ooc has the flux. 

IDENTITY: A changing current in an inductor induces an cmf in it. 

(a) SET Up: The self-inductance of a toroidal solenoid is I - u ^ 1 

2 rr 

Execute: £ <*1112 1 ^ AH5o:»nc ; :5 > i, - m , 7<8|x|oM| 

2.TI0.0400 m) 


do SET Up: The magnitude of the induced cmf is 

5.00 A - 2.00 A 


Execute: £^(7.8ixio 4 ll)| 


0.78 V 


3.00x10 s 

(c> The cunent is decreasing, so the induced cmf will be in the same direction as the current, which is fnxn a to b, 
making b at a higher potential than ir. 

Evaluate: This is a reasonable value for self-inductance, in the range of a mil. 


Ai 

Idem in: £-/.l— 

,Ar 

SETUP: — - 0.0640 As 
Af 

r 

Execute: (a) L 


and L-*** 


0.0160 V 


0.250 li 


A/VA/I 0.0640 As 


|b) The average flux through each turn is 11 "" A ' 4.50 x 10 * Wb. 

EVALUATE: The self-induced cmf depends on the rate of change of flux and therefore on the rate of change of 
the current, not on the value of the current. 

IDENTITY: Combine the two expressions for I: L = *V«t >Ji and L - SHdidt). 

SET Up: <1>„ is the axerage flux throuuh one turn of the solenoid. 


- 238 turns. 


Execute: Solving for N we have A* - €iHb k (difdt) - ' ' — ’ ' 1 Vl 

(0.00285 Wb H 00260 A Vs) 

Evaluate: The induced cmf depends on the tinx rate of change of the total flux through the solenoid. 

IDENTITY and SEE Up: Apply |f| - /.(/; «/r| Apply Lera's hw to determine the direction of the induced emf in 

the coil. 

Execute: (a) |£|= L(difdt) * (0.260 lt)<0.0180 A's)»4.68x10 * V 

(h) Terminal a is at a higher potential sinre th: coil pushes current through from />to a and if replaced by a 
battery it would have th: *f terminal at a. 

Evaluate: The induced emf is directed so as to oppose the decrease in the cunent. 

Identity: Apply £*--£^1 

SET Up: n>c indured emf points from low potential to high potential across the inductor. 

Execute: (a) The induced emf points from b too. in the direction of the current. Therefore, the current is 
decreasing and the induced cmf is directed to oppose this decrease. 

(b) (5*| - L\X I /Al|. so |A> Af|= VJL - 1104 V) (0.260 11) - 4.00 A/s. In 2.00 s the decrease in i is 8.00 A and the 
current at 2.00 s is 12.0 A-8.0 A - 4.0 A. 

EVALUATE: When th: current is decreasing the end of the inductor where the current enters is at the lower 
potential. This agree* with our result and with figure 30.6d in the textbook. 

Identity and SET Up: Use Eq.<30.6) to relate £ to the flux through each turn of the solemnid. Use Eq.(2K.23) for 
the magnetic field through the sotenood. 




Inductance 30-3 


30.12. 


30.13. 


30.14. 


30.15. 


Exec u te: - 


v<t> 


li the magnetic field is uniform insid: Ibe solenoid <I> - BA. From Uq.f2S.23), 


0 - It'll 


-*221 Then 


EVALUATE: Our result is the san*: as L for a torodial solenoid calculated in Example 30.3. except that the 
average circumference 2 .rr of the toroid is rcplared In* the length / of the straight solenoid. 

IDEVIIFV and SET lip: The tlorcd energy i* V~yU : Tie rale al which Ihcrcnal energy is developed » l‘-l ! ll. 
Excel IE: (a) U =ii/ ; =4<I2.0 IIKO.XIO A)*' =0.540 J 
(b) P=!‘R = 10.500 A) ; (1H0 HI = 16.: W = 16.2 Sit 

EVALUATE: (c) No. If / is constant then the stored energy U is constant. The energy being consumed by the 
resistance of the inductor comes from the emt* source that maintains the current; it does not come from the energy 
stored in the inductor. 

IDENTIFY and SET UP: Use Eq.<30.9| to relate the energy stored to the inductaixe. Example 30.3 gives the 
inductance of a toroidal solenoid to be L - —-. so once we know L we can solve for AT. 

Execute: (/=-/■/-3.417.»o ‘ I. 


1120 AY 


A r - 


IsrL 


2x<0.IS0 m>5.417x 10 Hi 


- 2850. 


H,A y(4 .t x |0 T mA)f5.00xl0 m*> 

EVALUATE: L and hence V increase according to the square of *V. 

IDENTIFY: A current-cam inu inductor has a magnetic field inside of itself and hence stores magnetic energy. 


(a) SET Up: The magnetic field insid: a toroidal solenoid is B 


MW 

2 xr 


Execute: B-«H 22*£^_2.50x 10-7^2.50mT 
2.r(0.120 m) 

(b) SET Up: The self-inductance of a toroidal solenoid is L 


to*** 

2 xr 


EXECUTE: X. - ■ ** T ' »** T - m A»30I>)T4.00» 10 * m > _ „qq, |q ' [, 

2t< 0.0120 m) 

(c> SET Up: The energy stored in an inductor is U l = ±U : . 

Execute: v, = if 6 . 00 x 10 1 hhs.oo A) 3 =7.50xio* J 


(<1 > Sn UP: The energy density in a magnetic field is u — 




Execute: .. i2 - ?(,1 " I,,T,! =2.49 JW 

2(4** 10 Tm'A| 

( . u energy energy 7.50x10' J 


volume 2.«! 2.1(0.120ml(4,l». 10 ' m > 


2 49 I ni' 


EVALUATE: An inductor stores its energy in the magnetic field invade of it. 

IDENTIFY: A current-carrying inductor lias a magnetic field inside of itself and hence stores magnetic energy, 
(a) SET U>: The magnetic field inside a solenoid rs B - fijjxl. 

EXECUTE: T mAK40QKS0.0A: ,, , 6 , T 

0.250 m 

(l»> SET Up: The energy density in a magnetic field is u - -— 

Execute: u . - |h |r>1 11 -- i.03xio 4 W 

2<4.txI 0 Tm'A) 

(c> SET Up: The total stored energy is V -1 tV. 

Execute: U=uF = u(L4) = (1.03 x 10 4 A'm’XO.250 mX0.500x!0 4 m : )=0.129 J 
(cl) SKI UP: The energy stored in an inductor is V = ±U 3 . 

EXECUTE: Solving for /. and putting in the numbers gives 

L = ^i = 2|0. 1 29 J) -4 2„Q.„ 

/* (SO.O A) 

An inductor stores its energy in the magnetic field invade of it. 


Evaluate: 





3*4 Chapter 34> 


30 . 16 . 


30 . 17 . 


30 . 18 . 


30 . 19 . 


IDENTIFY: Energy - Pt . U = 

Set Up: /* ^ 2(0 W ^ 200 J/s 

Execute: (a) Energy = <200 W)< 24 HK36CO s>h} = l.73x10’ J 

EVALUATE: a large value of/- and a large current would be required, just for one light bulb. Also, the resistance 
of the inductor would hive to be very small, to avoxl a large P - PR rate of electrical energy low. 
iDEVnn and Set Up: Starting with Eq. (30.9), follow exactly th: same steps as in the text except that the 
magnetic permeability // is used in place of pi. 


Execute: Using l. - 


fj\ ri A 

Lzr 


and B - 


i/V/ . a- 
-— B ,vr * " - — 
ler 2// 


Evaluate: For a given value of B % the energy density is less when fj is larger than u . 

I DEVI lTY ariei SE V IIP: The energy density (energy per unit volume) in a magnetic field I in vacuum l is given by 

U B : 

mcc: ,.) ymW a ' T-- ***>»■* ,, = 25 , m . 

B * (0.600 Tr 

ib) U ^L-— 

r 2i/ f 


B- 


2 piU 12(4^x10 T nvAM3.60xl0‘ J) 


10.400 ml 


9 T 


Evaluate: l.argc«scak energy storage in a magnetic field is not practical. Tie volume in part (a) is quite large 
ind the field in part (b> would be very difficult to achieve. 

IDENTITY: Apply KirchhotTs loop rule to the circuit. r</) is given by Eq.l30.14). 

SET UP: The circuit is sketched in Figure 30.19. 
i = iff 


•CD 

' 7 =L,X)J> 

Figure 30.19 


— is positive as the current 

increases from its initial valix of zero 


Execute: £-v k - v x - o 

e-iK-L—-o to im£j\-e ,,ai 
dt R 


(a) Initially (/ - 0), r • 0 
di £ 6.00 V 


t-L ±- 


’40 A i 


di L 2.5011 

(b) € - iR - L — - 0 (Use this equation rather than Eq.(30.15) since i rather than / is given. I 
dt 

rhu> —-£ii£- 61X1 _ ~ <0,5t>> AllSOon> oxoo a/s 
dt L 2.50 II 

(c» ,, £( | j J( I _ e ““*•*» = 0.750 All - c’") - 0.41J A 

(<l> Final slcady state means t -*flc and — 0. s o£ -jR - 0. 


,_£-i^0.7S0A 

n 8.00 a 


EVALUATE: Our results agree with Fig.30.12 in the textbook. The current is initially zero and increases to its 
final value of &R. The slope of the current in the figure, which is dt/dt. decreases with /. 




Inekxunce 30-5 


30.20. 


30.21. 


30.22. 


30.23. 


30.24. 


30.25. 


IDENTIFY: Hie current decay % exponentially. 

SET UP: After opening the switch, the current is i - /«r ai , and the time constant « r - >R. 

EXECUTE: (a) The initial current is /, - (6.30 V>'(150 ft) - 0.420 A. Now solve for /. aixl put in the numbers. 




D.21 Cl A 

>.420 A 


(b> r- UR - (43.3 ml IN 15.0 ft) - 2.S9 ms 

(c) Solve /- l t e giving / --rlnti/.,) - -(2.S9 ms)ln(0.01(0) - 13.3 ms. 
EVALUATE: In less than 5 time constants, the current is only 1% of its initial value. 
Identify: j - &R (I with r - UR. The energy stored in th: inductor is V - ±Li\ 

SET UP: The maximum current occurs after a long time and is equal to UR. 

Kami n: (a)/ b&X so /■( tl when (1 -***)■ i and ■i. -tz- ln(±). 


/-In 2 l In 2K1-25 * 10 H> 


[7.3j»s 


k 5o.o n 

(bJC/a^^ whenjai^/^ff. l-r^al/JI, so c v - 1 - lfj2 ■- 0.2929. r a -/.In (0.2929),i? - 30.7,«. 
Evaluate: r - UR - 2.50x10 ' s - 25.0 The time in part (a) is 0.692r and the time in pari <b) is 1 23r. 
Identify : With 5* closed and 5 t open, i</> is given by Ei*(30.14). With S, open and 5* closed, i(/)« given 
by I:q(30.IK). 

SET Up: V - y/.r*. After .V has been closed a long time, j his reached its final value of / - SIR. 


Exec ute: (a) U^lU 1 and / 


AK120 ft) a 256 V 




(b) faand = ^Z7*'). r J,A4H 

r , ——fai|-|, - Qll5li !■(-)- 3.32.10 ' %. 

2 R 2(120 ft) 

Evaluate: r-LR- 9.58x10 4 s. The time in part (b) is r!n<2)/2 -0.347r. 

Identify: /. hw units of II and R has units of ft . 

SETUP: IHalft-i 

Execute: Units of LR - II/ft - <ft s)/ft - s - units of time. 

Evaluate: RiiL = tfr is dimcnsxmlcss. 

Identify : Apply the loop rule. 

SET Up: In applying th: loop rule, go around the circuit in the direction of the current. The voltage across the 
inductor is -l.di:dt. 

Execute: -Ldiidt-iR = 0. /£ give* J‘ y - -£j' df and b(,/i - -£/. «- /,<• 

Evaluate: dildt is negative, so there is a potential rise across the inductor, point c is at higher potential than 
poant b. Th^e is a potential drop across th: resistor. 

IDENTIFY: Apply the concepts of current decay in an R-L circuit. Apply the loop rule to the circuit. i(f) is given 
by l:qX30.18). The voltage across the resistor dcpcrcls on i and the voltage across the inductor depends on didt. 
SET UP: The circuit with 5, closed and S x open is sketched in Figure 30.25a. 

£ 

£-iR-L— -0 


-1 1 - 


Figure 30.25u 

C onstant current established means — - 0. 

dt 

Execute: j -£-. 0.250 A 
R 240 ft 




3*4 Chapter 30 


(a) St.I l>: The circuit wilh .V closed and .V o«vn « shown in Figure 30.25b. 



's? 




At 1-0,1= L ^ 0.250 A 


K L 

rigare 30.25b 

The inductor prevents an instantaneous c hinge in the current; the current in the inductor just after S : is closed and 
.9, is opened equils th: current in the inductor Just before this is done. 

- (0.250 AW ,, ‘ 4 ’ - 0.137 A 


(It) Execute: i - !v -10.250 Ate '*** 41 


(c) SET Up: See Figure 30.25c. 




M.2A 


Figure 30.25c 

EXECUTE: If we trace arenmd the loop in the direction of the current the potential falls as we travel through the 
resisted so it must nse as we pass through tlx inductor v a > 0 and < 0. So point c is at higher potential than 
poant b. 

v* + V U - 0 and « -v* 

Or. K* = *+ s ^ s (0-13? A>240 fl) 32.9 V 

Id) r = V*'" 

- = 4/. «>«* and 

Taking natural logs of both sides of this equation gives ln(i) - -Rtf L 
'0.16011 


240 12 


ki2-4.62»IQ 


EVALUATE: The current decays as shown m Fig. 30.13 m the textbook. The time constant is r - L R - 6.67 x 10 4 s. 
The values of / in the problem are less than one time constant. At any instant the potential drop across the resistor 
(in the direction of the cunent) equals the potential rise across the inductor. 

IDENTIFY: Apply I:q.<30.14k 

SET Up: v . - iR. IV - L —. The current is increasing, so ditdt is positive. 


J0.27. 


EXECUTE: (a) At / = 0, i - 0. - 0 and Y K - 60 V. 

(b) As r -♦ oo, i-> &R and difdt -t 0. v a -> 60 V and v; -♦ 0. 

(c) When i = 0.150 /V v a - iR = 36.0 V and v K - 60.0 V - 36.0 V ^ 24.0 V. 

Evaluate: At all times. £ = v a -t as required In* the loop rule. 

IDENTIFY: j</> Ls given by Eq.(30.14). 

SET Up: Tbc power input from the battery is Si. The rate of dissipation of energy in the resistance is t'R. The 
voltage across the inductor has nugnitodc Ldtidt # so the rate at which energy is being stored in the inductor is 
iLdidt . 


Exec i te: 


. .) 


P *(430 WXI M ). 

|b) P,=,‘R*L 


|fe.00V>- 

8.oo a 


.00 ii 


14.50 WMI 


[<)P ‘ =iL 7, m j' x ~ i ' 1 


if£,— =£1 
U R 




l4.50WMe ,,2tt,V -c MA4 “ M 


Evaluate: (d I Note that if we expand the squire in part tb). then parts (b) and (c) add to give put (a), and the 
total power delivered is dissipited in tb: resistor and indurtor. Conservation of energy requires that this be so. 




InAxtuKc 30.? 


30.28. 


30.29. 


30.30. 


IDENTIFY: An 1-C circuit oscillates. with the energy going back and forth between th: inductor and caparitor. 

(a)Su l>: The freuuencv is f - J—and ta —-L*. giving /*- \ - 

2r JLC IstJLC 


Execute: / - 


2*^0.280x10 11)120.0x10 F) 


- 2.13x10 Ilz-2.13 klk 


(b) SET UP: The energy stored in a cafxicitor is 6* - 4CT*. 

Execute: U =4<20<>xl0 * FK150.0 V) 1 ^0.225 J 

(c) SET UP: The current xn the circuit is i - -(tt)* in a* . and the energy stored in the indictee is U - ~Li\ 
Execute: First find wand O. w- 2.T/- 1.336 x 10 4 rad x. 

(3-0 -<20.0 x 10 4 FM 150.0 V) - 3.00 x 10 C 

Now calculate the current: 

i- -(1.336 x I0*radfc)(3.00x 10 1 C) »n[< 1.336 x 10* radix 1.30 - 10 ' *>) 

Notice that the argument of the xinc ix in radians, xo convert it to drgrcex if necessary. The result ix i - - 39.92 A 
Now find Ihe energy In the inductor U*lLi‘ =4(0.2S0xlO ' I1X-39.92 A) 1 -0.223 J 

EVALUATE: At the end of 1.30 ms. nearly all the energy is now in the inductor, leaving very little in the capicitor. 
IDENTIFY: The energy movex hack and forth between ihe inductor and cap&ritor. 


(a) SET Up: The period is T - —- 
Execute: Solving fori gives 


2 7 


— - 2.r JIT. 
<v 


.60x10 *)~ .2.50x10 'II-25.0 ml 


4rT 4.r‘<7.50x 10 * C) 

(h> SET Up: The charge on a capacitor ix O - CT. 

Execute: q - cv - (7.50 x io' F)(l2.o V) - 9.oo x io 1 c 
(c> SET Up: The stored energy is U - (?2C 
(9.00xl0'*cr 

Execute: U-- -.-5.4<>xio J 

2(7.50x10 F) 

(<1 ) SET Up: The maximum current occurs when the capacitor ix discharged, so the inductor has all the initial 
energy. L\ +U C -C/ w . UJ 2 
EXEC UTE: Solve for the current 


Er. N s «." 

V i- \ 2.50x10 * II 


E VAI.I ATE: The energy oxcillatcx back and forth forever. However if there is any resistance xn the circuit, no 
matter how small, all this energy will eventually be dissipated as heat in the resistor. 

IDENTIFY: The circuit is described xn Figure 30.14 of the textbook. 

SET UP: Th: energy stored in the inductor ix U -iii‘ and the energy stored in the capacitor is U - q'»2C. Initially. 


U t with V -12.0 V. The period of oxeilUtkm is 7*- 2jt^LC - 2*^112.0* 10 * H)(l8.0xl0 fc Fl-2.92 

EXECUTE: (a) Energy conservation savs U.tmaxl - L\ lmaxi, and -/.i* -4CK 1 . 


ms . 


VjcJL = (22.5 V)J 


18 x 10 * F 

12-H) 1 H 


- 0.871 A. Th: charge on the capacitor is /en> because all the energy is in 


the inductor. 

(b) From Figure 30.14 in the textbook, q - 0 at / = T4-0.730 ms and at / - 3774 - 2.19 ms 

(c> q it - CV - (18 pF) 122.5 V) - 405 uC is the maximum charge on the plates The graphs arc sketched in 

Figure 30.30. q refers to the charge on one plate and the sign of i indicates the direction of the cuncnt. 

Evaluate: If the CMUcitcv ix fully charged at t - 0 it is fullv charged again at f - 772. but with the opposite polarity. 



MLS? 1 A ' sx - m r\ - 


-0*71 A 

Figure 30 JO 
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30.31. 


30.32. 


30.33. 


IDENTIFY and SET Up: The angular frequency is given by Eq.(30.22). g</) and i \t) arc given by Eqs.(30.211 and 
(30.23). The energy stored in the capacitor in L\ -ICV 1 -q*S2C. The energy stored xn the inductor is L\ = lLi\ 


EXECUTE: (a) a> - 


It 

given bv T - — 


JLC ^(1.50 H 1(600x10 F) 
2.T 


- 105.4 rad's. which rounds to 105 rad s. The period is 


0596 s 


ft* 105.4 rad s 

(b| The circuit containing the battery' and capacitor is sketched in Figure 30.31. 
j f- 12.0 V 

1 O = fC = (l20 VW6.00xlOF) = 7.20x|0^ C 


C 


f-£- 

C 


v c 
Figure 30 J1 

(c) V •ICV 1 -^(6.00x10 ' FK 12.0 V>*»4.32x10 * J 
(ell q=(7cos<4UM-^)(liq 30 21) 
q = Q at r = 0 so 6 = 0 

q - {?cosa* -(7.20x10 4 C>cos<1105.4 radsBO.0230 s]) - -5.42x 10 4 C 

The minus sign means that the capacitor has discharged fully and then partially charged again by the current 
maintained by the inductor; the plate thit initially had positive charge now his txgalivc charge and the plate that 
initially had negative charge now has positive charge. 

(e) f = -wQsirttot ♦ (Eq.30.23) 

r - -<105 rad’sM7.20x 10 4 C)sin((l05.4 rad sl(0.0230 s|) - -0.050 A 

The negative sign nxant the current is counterclockwise in Figure 30.15 in the textbook. 







■ ’Sc 8ivr ’ , " 1 Vlc > ' (? '^ :a26) 
i-i(105 ndi.^<7.20 *10' C)‘-(-5.4’xlO ‘ C)' = lO.OSO A. which check.-*. 

in u,. B £j- S4UW \ C,! ^ W ‘ l 

2C 2(6.00* 10 F| 

V . -i Li ‘ -4(1.50 IIM0.050 A) j -1.87*10 ‘ i 

Evaluate: Note Ihil V , * U , -2.45*10 1 !*1.87>10 * J -4.32*10 J. 

rhii agree* with the total energy Initnlly Moled in Ihe caracihv. U - £- - -— — ——- - 4. J2* 10 J. 

“ 1 2C 2(6.00* 10- F» 

F.ncrgy is convened. At sonx times there is energy stored in hath the capacitor and the inductor When i - 0 all the 
energy is stored in the capacitor and when q - 0 all the ecxrgy is stared in the inductor. But at all times the total 
energy stored is the same. 

Identify: co - ■- 2gf 

S»:r L’P: & rs the angular frequency in rad s and/'is the corresponding frcquctxy xn llz. 

Execute: tlz >- ( 4.,s»10 “ F, - 237 * 10 ‘ » 

(b| The maximum capacitance corresponds to the minimum frequerxy. 

C -!-—!-- 3.67 x 10 " F - 36.7 pi 

“ 4 4 X\f;+L 4^(5.40x10' Uz| J (2.37x 10 111 

Evaluate: To vary/by a factor of three (approximately tlx range in this problem!. C must he varied by a factor 
of nine. 

iDF.Nim: Apply energy conservation and liqs. (30.22) and (30.23). 

SET UP: If/ K the maximum current, ~U * - i-— For the inductee. U i -y/.i*. 


?•' - 


Execute: (a) -Ll : - i_ give* 0-«./Zc - (0.750 A^O.OKOO IIM1.25* 10 * F| - 7.50«10 ‘ C 

|b> or- -L- --1- 1.00*10* rad/*, f- — -1.59*10* II/. 

■JLC 1(0.0800 IIMl.25x 10 * F) 2.r 




Inductance 30-9 


30.34. 


30.35. 


30.36. 


30.37. 


30.38. 


(c) * = 0 at r =0 means l - 0 . j - -<uOhri(**» . so 

r *-< 1 . 00 x 10 * rad s)(7.50xI0 4 C)sin(|l. 00 x 10 * rads||2.50*10 ‘ xj)- -0.7279 A . 

V L = i/J- *£<0.0800 UK -0.7279 A)*' ^ 0.0212 J . 

Evaluate: The total energy of the system is +1.1' - 0.0225 J . At / - 150 nw . the current is close to its 
maximum value and most of the system's energy is stored in the inductor. 

Identify: Apply l : .q.<30.25). 

SETUP: v-0 when j^ 0 . ? = 0 . \ljLC = \9\lt*. 

Execute: (■) 4L>L -^r- -<0& 50x10 ' A^O.OKSO H)(3.20xl0 * F) = 4.43-10’ C 

Cb» q ^ - LC, 1 ~^(4.43»I0 : C) J - : " A ^J.SS.IO’C. 

EVALUATE: The value of q calculated in port (b| is less than the maximum value O calculated in part (a). 
Identify: ^-peasiwf t^>aixl i--«£sin(<u + ^) 

Set Up: V, =$—. U, = III '. 

‘2 C ‘ ‘ 

Execute: <„ uy ^ ™ 

U, - LLi 1 - ±Lcj‘O ptin'ftat r^)~ J *- . since m 1 ■ . 

(!•> u iu . = u c * v, - }. 2 Lcor (m - <tl f ilot’e' »"•(«. <•) 

- 4^-covW . <t > ♦ ±1 1-L Q : s.n'(<»r+ 1) - - £<caiV * * «< 1 ! I m * « I)-4 
L»' Ii44j is a constant. 

Evaluate: ICqx.(30.21) and (30.23) are consistent with conservation of energy in the L-C circuit. 
d*q 

IDEMIFY: Evaluate —- and insert into I;q.< 20 . 20 ). 
dr 

Set UP: liquation (30.20) Is Ui - - 0 . 

dl‘ LC 

Execute: q -OcosUot + rfi -> —i - -&Q sin<wr ♦ d> -> iLL 


<3 co*< rof-fd). 


t —<J - -toQ COSt (r/t T&) + JL Cl Itcot + 4) - 0 ftf- - —L to S —!— 
dr LC* ^ LC r LC yjLC 

EVALUATE: The value of l depends on the initial conditions, the value ofq at / - 0 . 

IDINIIFY: Hie unit off. is II and the umt of C is F. 

SET Up: C - qtV^ says I F«l C/V. Ill -1 V vA - I V s'/C ■ 

Execute: I II F = (l VV/CMI C/V) = l a’.ThwcibrtiChaaunitsaf s'and JIT has. units of - ! 
Evaluate: Ouircv.il: diows that oM is dimensionless. since u - I tjLC . 

Idi.viify: The presence of resistance in an L-R-C circuit atTccts the frequency of oscillation and causes the 
amplitude of the oscillations to decrease ox er time. 

1 R‘ 

(a) SET L>: The frequency of damped oscillations is to* - 4 f.-- —— . 


Execute: v 


The frequency / is / - -— 


1 (75.0 nr 

(22-10 ll)|l5O.I0*F) 4(22.10 ll| 
5.50 x I0 4 rad 4 


r — 5.5x10* rad s 


- 8.76 * 10* Hz-8.76 kHz. 




till'd 


(h) SET Up: The amplitude decreases as .!</) - do e 
EXECUTE: Solving for / aixl putting in the numbers gives: 

-21 InM/A) -2(220x10 *H|lnO.100> 


1.35x10 'x- 1.35 nw 


75.0 n 
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30.39. 


30.40. 


30.41. 


30.42. 


30.43. 


(c> SET Up: At critical damping. R - JIL > C . 

14(22.0x10 *11) 

Execute: r - ♦ |—-- - 2420 n 

V 15.0x10 F 

EVALUATE: The frequency with damping ix almost the same ax the resonance frequency of this circuit (1 f*]LC ). 
winch is plausible because the 75*f2 rexistance ix considerably less tlian the 2420 il required for critical damping. 
iDEVlltY: Follow the procedure specified in the problem. 

SET UP: Make the substitution* a m -♦ C. -> £. C . 

d : x b dx kx d'q R dq q 

Execute: <a)Eq.(l3.41): —---+— - 0 . This becomes —1 -I* — ^0. which is Eq.<30.27). 

dr m d( m dr L di LC H 


h 


(b) I:q. (1343>: w - J — -- ? This becomes a - J—- - — r . which ix Eq.(30.29). 

4m i 4/. 


|c> Eq. (1342): x - Ac'* ** H cas<ft/f + . This becomes q - Ac ' 4 2 ‘ H cos(<»7 . which is Eq.<30.28|. 

EVALUATE: Iiquitionx foe the /.-X-Ccinuit and for a damped harmonic oscillator hive the some form. 
iDf.MItY: Foe part <ak evaluate the derivatives ax specifxd in the problem. Fee pari fb) set q - Q in Eq.(30.28 \ 
ind set dq ' di - 0 in the expression for dq •' dt . 

SET UP: In terms of & . l:q.<30.28> is q[t) = 4e" v * ,ap c«(<rt+f». 

Execute: (a) q - Ac**' 21 " costfcu 7 * D. — --4 —c ‘ 2£x oo^ro'i^^)-<uV4c H4>21H sin(tfV-f^>. 

dt 2/. 


-A\ — C' r!: ' co*<o’t++) + Ic'A^-c " rf)-at a Ae " " , cot(ciV-f 1 ») 


R da 


* V' *• I 


R 


r= = ? — -» -rT-rrH-”"' - —~ 


dr L dt LC MM L) 1L LC I LC 41 


dq dq R . O 

(b> At t -O.q -Q.j - — -0. so q - A cot 6 - O and 4coxffr-»/fsind =0 .This gives .1-^ and 

dt dt 2L cosp 


tand - - 


2Lcd 2Ljl>LC-R''AI: 

Evaluate: If R - 0. then A - (? and ^ - 0. 

IDENTIFY: Evaluate Eq.(30.29). 

SET Up: The angular frequency of the circuit is erf . 

Execute: (a) When R= 0./*,- -J_ - _1_= 298 rad/s 

-JLC J(0.450II)<2.S0xl0‘F) 

|b> We«■ —■0.9S,n» 


"■ 




*-Ji£,.-(0.95,V ) 4, ° 450H|0 r S, -3^ 

VC ^ (2.50x10' F) 

EVALUATE: When R increases, the angular frequency decreases and approaches zero as R -> IqLiC . 
IDENTIFY: /. has units of 11 and C lias units of F. 

SETUP: 1 turn X. C-f/r say* IF = 1C/V. V = IR says 1 VA - 1 ft . 

11 Qx n-v 


EXECUTE: 1 he units o: L C arc — 


- it. Therefore, the unit of JL!C is fl 


F C/V A 
1 R‘ 

Evaluate: For Eq.(30.2S) to be valid. — and -jlr must have the same units, so R and qL!C must have the 
same units, and we have shown that this ix indeed tfo: case. 

IDENTIFY: The emf £\ in solenoid 2 produced by changing current j in solenoid I is given by E l - M — . The 

Af 

mutual inductance of two solcmidx is derived in Example 30.1. For the two solcroids in this problem 

3/ - . where A ix the cross* sectional area of the inner solenoid and / is the length of the outer solenoid. 




IuSdcuckc 50.11 


50.44. 


50.45. 


50.40. 


SET L ] P: //, - 4.t x 1 0 T • m A . Lc! the outer solenoid be solenoid 1 . 

Execute: (a, W 1^12 1 = 2.S8x l Q- n = P2Mi,H 


Ai 


0.500 m 

- (2^8x10° 11*37.5 A's>-1.08x10 1 V 


EVALUATE: If current in the inner solenoid changed at 37.5 A/s, the cmf indiarcd in the outer solenoid would h: 
l.DS-10 ' V. 

IDEVIIFV: Apply € - -L— and Li - VO t . 

i it 

SET UP: <1> k the flux through one turn. 

Execute: (» 5 = - -<3.50> lo ‘ ll»—(iO.^KO A>ci»<jrf.(0.0250i(». 

dt di 

C - (3.50x 10 1 ini0.6H<l Al—^-sin(.rt.(0.0250 t(). Therefore. 


5_ t =(3.50x10 1 1I)(0.680A>—2__»0.299V. 

^^50-H, H„0.(,S0A^ 5|>5)(10 . vv1) 

.V 400 

(c) £{i)--L— - -(3.50x10 '111(0.680 A|(?.’ 00250*hin(ff//0.0250t). 
dt 

5(0 --(0299 V)an(I125.6s >> Therefore, al 1 = 0.0IS0 s . 


5(0.01 SO s) = -(0.299 V )%in(( I25.6 s 1 ((0.01 SO i|» = 0.230 V. The magnitude of the induced cmf i* 0.230 V. 
EVALUATE: The maximum emf is when / - 0 aixl at this instant - 0. 

Identity: £ = -£— 
dt 

SET L’P: During an interval in which the graph of i versus / is a straight line. dUd: is constant and equal to the 
slope of that line. 

Execute: (a) The pattern on the oscilloscope is sketched in Figure 30.45. 

Evaluate: (b) Since the voltage is determined by the derivative of the cumrnt. the V versus r graph is indeed 
proportional to the derivative of the current graph. 

I' 



I DEMI TV: Apply £ - - 1 — 
dt 
d 

SET L’P: — ccttfnrf) - -nisinfftrf) 

Execute: (a) 5 = «0.I24 A)«it((240i/s)r). 

dt dt 

£ - +10.25011X0.124 A)(240 T/s)sin<(240*^)f) ^ r(23.4 V)sin ((240x/s)f). 
The graphs are given m Figure 30.46. 

<b) “ 23.4 V; i - 0. since the cmf and current arc 90 : out of phase. 

ic> r -— - 0.124 A: £ - 0. since the cmf and current are 90* out of phase. 
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30.47. 



The induced cmf depends on the rale at uhich tlx current is chancing. 


ctmrtil lt«\4) 

«uf(V| - ii j 


0.(025 


00075 OJ>l\ 0.0125- ^ 0015 


Figure 30.46 

IDEMUY: Apply £ - U> tlx series and parallel combanations. 
di 

Si:r UP: In scries, j. - i . and the voltages add. In [Mrullcl tlx voltages are the sanx and the currents add. 

EXECUTE: (a) Series: L — + L. ^ - L —. but i. - 1. -1 for senes coirnooents so — - ^ - — and 
^ dt : iSt "dt ' • ’ 4* dt d 


Evaluate: 




(b> Parallel: Now L — 



di di 


Therefore. —-- + — . But — l - 

dt di di 


Jr LJ, 


L dt 


nd 


inland/. ,1.1' 

dr ^ d/ «* L x d\ l . dt * \ L ) 

EVALUATE: Indixturs in senes and parallel eombine in the same way as resistors. 
30.48. IDENTIFY: Follow the steps outlined in the problem. 

SET UP: The energy stored is U - IU '. 

EXECUTE: (a) >B ,11 = pj^, = B2sr =■ ;i,i =>B-I1L. 

2 xr 


<h> d4> t = BdA s —Idr. 

1 st 

(e) f/ - i ti-' - in /./a). 1 .^llWft/a). 

EVALUATE: The magnetic fiekl between the condixlocx is due only to the cunent in the inner conductor. 
30.49. <a) IDENTIFY and SET Up: An end view is shown in Figure 30.49. 

Apply Ampere's law to a circular 
path of radius /*. 

fi-di-nima 

Exec ute: }B*di - 8(2xr) 

-1, the cunent in the inner conductor 

Thus fi(lrr) = fxj and B - 





IndtKUCKc 50.13 


30.50. 


30.51. 


30.52. 


(b> Id*.M in and Sll UP: Follow Ihc pnxcdurc specified in Ihc problem. 


EXECUTE: li - 




«/6* - uJF, where dV - 2.r/V«/r 

4t 4? u 

(d) l:q.(30.9): l/=4U* 


Pm (c): L 1 




L-fSdJil 

2.T l d 


EVALUATE: The value of L we obtain from these energy’ considerations agrees with X. calculated in part <d) of 
Problem 30.48 by considering flux and Iiq.430.6) 


V<t> 




iDEVnn: Apply L - -* to each solenoid,as in Example 30.3. Use M - — —to calculate the mutual 

* 'i 

inductance M. 

SET L r P: The magnetic field pnxliKcd by solenoid I is confined to the space within its windings and is equal to 

B - ^ V '» 

1 2.T r 

IAMITE- (m) 1 - iV|<t> * - *' A ( I - **** 9 - *>** - N A * N * A 

^ j "TV 2 * T/ J 2xr ’ * is i 3 { 2xr J 2.t/ 

|b) i - *'' W . A/’ J f , a „ 

i, 2t/* \ Iffr J 2xr 2*r 

EVALUATE: If the two solcrxiid*are identical, sothat *V, - iV J% then M -L. 

iDLMin: U - rU : . The self inductance of a solenoid is found in Exercise 30.11 to be L - " 

SET Up: The length / of the solenoid is th: number of turns divided bv the turns per unit length. 

EXECI* (., L-™. 2,100 ^ J> . -8WH 


r (130 a r 


ibi 


L^sdULi r» 


the number of turns per unit krngth. then *V -ai and L - u } Ati'l. For this cm 


10 coils mm - 10 * 10 * cods m. / - 


5.89 11 


- 56.3 m. 


fA l Aa i (JffxlO T m*A> t< 0.0200 m)*(10xl0‘ coils'm)* 

This is not a practical length fee laboratory use. 

Evaluate: The number of turns is V-(56J m« 10x10' coil* m)-5.63x10* turns. He fcngth of wire in 
solenoid is the circumference C’of one turn times the number of turns. C -zd - .rl 4.00x10 * mt - 0.126 m. 
length of wire is (0.126 mX5.63x10*)- 7.1 xlO 4 m-71 km This length of wire will have a large resistance 

/*R electrical energy loses will be very large. 

IDEMIFY: This is an R L circuit and j(t) k given by Eq.(30.14). 

SET Up: When /-♦*>, r-t i, = V> R . 


EXECUTE: (a) R - 


2.0 V 


186Q£1 




r, 6.45x10 A 
R( 


(It) r-/ r (l-e ) jd --In(l-rVE) and/. - 


-Rf -1186001(7.25x10 4 sV 


-0.963(1. 


bi<l -i7r f ) ln( I-(4.86/6.45)) 
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30.53. 


30.54. 


EVALUATE: The current after a long time depends only on R and is independent ot* L The value of 
i?//.determines how rapidly the final value of i is reached. 

iDSMin and SET IIP: Follow the procedure specified in the problem. L - 2.50 II, R - 8.00 Cl, 

£ - 6.00 V. r = (£//?X1 -c*r^L.'R 
Execute: (a) Eq^30.9): U l -4/j* 

1 1 r *o j - (£Mil ^ (6.00 V.'B.OO IlKl — 0.474 A 


Then U , --/.r -i(2 .50 11X0.474 A) 1 ^ 0.281 i 
dV dt 

Exercise 30.27 (cX /*,-- - U— 

5#-V 

■" v'” 

I\ il 

U, -i ' jjil ; (25011X0-3996) = 028IJ. which check*. 


(to) Exercise 30.27|al: Tb: rate at which the battcrv supplies energy 




» /! -iV-f|£<l-c ' ')B£j-(l-r ' *] 


f'jjM- r*Y 


r*rf-r) 


‘"■tJ "ItJUJ l* 1 

^-( k 55 rij •^•■ H 0367 *)* 0 -* 17 J 

(€>/*-<>*-Ii.*« 



V, -fi-j (i/.ii-l*4f '-f'j-J _|!_1 4(2.50 IIMOJ362I-0.2361 
(d> Evaluate: U f -U f +L\. ro.517 j ^0.236 J+o.281 )) 

The energy supplied by the battery' cquils the sum of the energy stored m the magnetic field of the indurtor and the 
energy dissipated in the resistance of the inductor. 

IDENTIFY: This is a decaying R-L circuit with / 4 - EiR . i(i>= //•'* AM . 

SET Up: E - 600 V . R - 240 Cl and I - 0.160 II. The rate at which energy stored m the inductor is decreasing 
is iLdifdi . 

Execute: (■) V = !/./.•’-!/.[£'[-i|0.160n/i2LL -5.00-10'i. 

2 • 2 [Hi 2 : 24011; 




liukKUoce X. IS 


30.55. 


30.56. 


30.57. 


30.5*. 




f/6\ , dt 


i\ 


U. - -XT - 


£*-***, dV i _ <*° V >* 


:ii«i • iwj(4i«.u i _ 


^ -4.52 W. 


dt 24(12 


(O In the render 


<60V > a , ^ii 


mm*** t« 


- 4.52 W 


24012 


«!► 


p(0=/>*=£lc>* c/. »£lf «£LL - (60VY(0J60II> 5>a>x|( -» j which i3S 

* * * 2(240 nr 


[h: tame as 


part <a>. 

EVALUATE: During the decay of the cumrnt all the electrical energy originally stored in th: itxiuctor it dissipated 
in the resistor. 

IDENTIFY and SET Up: Follow tbc pnxedure specified in the problem. ±LP it the energy stored in the inductor 

uxl i/'2 C is tbc energy stored in the capacitor. Th: equation it -iR -I. —. - -L - 0. 

dt C 

Execute: Multiplying by / gives i : R t Li — - -ii - 0. ^Lt\ - —liI/ : I - a/.— <i*) - if. j 2r — ! - /.i—. the 

dt C di dt dt v dt) di 

second term — 6* - —I — - —— (q) - —{2q\— - — . the third term. PR - P A . the rate at which 
* * **2C: 2CJr * 2C dt C 


electrical energy it dissipated in the resistance. — U t - P i . the rate at which the amount of energy stored in the 

dt 

inductor it changing. — 6* - P .. the rate at which the amount of energy stored in the capacitor is chinging. 


Evaluate: The equation says that P v + P k + P t - 0; the net rate of change of energy in the circuit is zero. Note 
that at any given time one of P or P. is negative. If the current and U k arc increasing the charge on the capacitor 
uxl U t arc decreasing, and vice versa. 

IDENTIFY: The energy stored in a capacitor is U c - iCV . The energy stored in an inductor is 6\ -46T. 
Energy* conservation requires that tbc total stored energy be constant. 

SET UP: The cumrnt is a maximum when tbc charge on tb: capacitor is zero and the energy sieved in the 
capacitor is zero. 

Execute: (a) Initially v - 160 V and j-0. b\ =0amd b\ = ±CV 2 = ^(5.00x 10 ‘ FH16.0 V) 1 = 6 40x10 4 J . 
The local energy stored is 0.640 mi . 

(b) The cumrnt is maximum when a - 0 and U. -0.6’+ 6*. - 6.40 x 10 4 J so 6\ - 6.40 x 10 4 J . 


ILP - 6 40x10 4 J and / - 


2(640x10 4 S) 


I ;v. \ 


3.75x10 1 11 


EVALUATE: The maximum charge on the capacitor is O - CV - 80.0 pC . 

IDENTIFY and SET UP: Uk U t - 40? (energy stored in a capacitor) to solve for C. Then use llq.<30.22) and 
nr - 2 t f to solve fee th: 1 . that gives the desired current oscillation frequency. 

Execute: V, = 120 V; U, = ±C>', ! *oC = 2f/, iv; - 2(0.0160 JVII’.O vr' - 222 /if 

f. _' ,o£ = 1 

WZc (ixfyc 

f - 35410 Hz give I. ■- 9.31 ,t\ I 

EVALUATE: f is in Jlz and <(> is in rad s; we must tv careful not to confuse the two. 

IDENIIFY: Apply energy conservation to the circuit. 

SEE UP: For a capacitor V -q!C and 6’ - q i i 2C . For an inductor 6’ - IIP 

Execute: (a) V - £ - 6 <x> <10 - 0.0240 V. 

““ C 2.50x10 F 


»k,4.L- e - 


5.00x10 * C 


LC J(0.060011X2.50x10 A F) 


-1,55x10 A 


(c» -i 0.0600 II HI.55 x 10 J A>*-7.2U10 * J. 
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30.59. 


30.60. 


30.61. 


II .3 Ivto'4K?|‘ 

(d) If f -then V : «--*/_ - l.SOxlO Jand U< -- -nix give* 

5.20x10* C. 


EVALUATE: V - — L» : r1— for all tiroes. 

2 1C 

iDEVnFY: Set U M - a; , where K -iim'. 

SET L t P: The energy density in the magnetic field is u a - B 1 f 2 fi Kt . Consider volume K-lm 1 of sunspot 
material 

EXECUTE: The energy density in the sunspot is t/ J = #‘.2/1, - 6.366x 10* J i'ro ; . The total energy* stored in 
volume V of the sunspot ix U k =«/. He maw of the nuterial in volume V of the sunspot is m - pV. 

K - U M so 7 wv ; - U M . - uj '. The volume divides out. and v - ^ jlu k ' p - 2x I0 4 m* . 

EVALUATE: The speed we ealculatcd is about 30 times smaller than the c%c:pc speed 
IDEMIFV: j(/> is given by 1^ (30.14). 

SET L’P: The graph shows V -0 at / - 0 and V approaches the constant value of 25 V at large times. 

EXECUTE: (a) The voltage behaves the same as th: current. Since V k is proportional to j. the scope must be 
across the 1 50 il resistor. 

(b) From the graph, as / -* x. V k -♦ 25 V. so there is no voltage drop acrow the inductor, so its internal resistance 

must be zero. V* = V^JX When r = r, \\ = J^| l-i |* 0.631’^. From the graph. V - 0.631’^ -16Vat 

r» 0.5 ms. Therefore 0.5 ms. /./J?-0.5nw gives /. -(0.5 ms) <150 Cl) - 0.075 II. 

(c> The graph if the scope is across the inductor is sketched in Figure 30.60. 

Evaluate: At all times V k + Y\ - 25.0 V . At / - 0 all the battery voltage appears arrow the inductor since 
r - 0 . At t v. all the battery voltage is across the resistance, since di fdt - 0. 



25V 


Figure 30.61) 

Idem itv and SET Up: The current glows in the circuit as given by Eq.(30.l4). In an R-l. circuit the lull emf 
initially is across th: inductance and after a long tinx is totally across the resistance. A solenoid in a circuit is 
represented as a resistance in scries with an inductanrc. Apply the loop rule to the circuit: the voltage arrow a 
resistance is given by Ohm’s law. 

EXECUTE: (u) In the R-L circuit the voltage acrow the resistor starts at zero and increases to the buttery* voltage. 
The voltage arrow the solenoid (inductor) starts at the battery voltage and decreases to zero. In th: graph, the 
voltage drops, so the oscilloscope is acrow the solenoid. 

(b) At t -> the current in the circuit approaches its final, ccmstant value. The voltage doesn’t go to zero because 
the solenoid has some resistance R x . Th: final voltage across the solenoid is JR k . where / is the final current in 
the circuit. 

(c) The emf of the battery is the initial voltage across the inductor. 50 V. Jusa after the switch is closed, the current 
is zero and there is no voltage drop acrow any of the resistance in the circuit. 

Id)As r->w. €-lR-!R l -0 

€ - 50 V and from the graph IR V - 15 V (the final voltage across the indurtorl. so 

IR - 35 V and / - (35 V>7? - 3.5 A 

it) IR y =• 15 V. so R. - (15 V>'(3.5 A) - 4.3 £1 

f-f. -iR - 0. where V, includes the voltage Arrow the resistance of th: solenoid. 




-€-\R. J■—(!-«" '). «t 

€ = 50 V. R = 10 11 K,, - 14 .! 11 «> >vhen r - r. V, = 27.9 V. Fran the graph. F, hai thn value when l -3.0 ns 
(read approximately from the graph), wi z - LIK„ - 3.0 mt. Then /. - (J.O mi|(l4.30) - 43 mil. 

Evaluate: At / - 0 there is no current are! the 50 V measured by the oscilloscope is the induced emf due to the 
inductance of the solenoid As the current grow*, there arc voltauc drops across the two resistances in th: circuit. 




IlUfcKUCKC JW-1? 


Wc derived an equation for ^, the voltage across the sotenmd. At / - 0 it gives V t - S and at / —> x it give* 
V L *ERfR^ -\R. 

30.62. IDEM1FV: At r - 0. i = 0 through each indurtor. At t -> * , the voltage is rero across each indiKlor. 

SET Up: In each case redraw the circuit. At / - 0 replace each inductee by a break in the circuit and at / -> x> 
replace each inductor by a wire. 

EXECUTE: (a) Initially the inductor blocks current through it. so the simplified equivalent circuit is shown in 
£ 50 V 

Figure 30.62a. j - — - —— -0.333 A. \\ MIG)0*0.333 A)-33.3 V. V 4 M500X0.333A) = 16.7 V. F, ^ 0 

since no current flows through it. K - V 4 - 16.7 V, since the inductor is in parallel with the 50 il resistor. 

A i - ^ - 0.333 A, A : -0. 

< I» > Long after S is closed, steady state is reached, so the inductor has no potential drop across it. The simplified 

50 V 

circuit is sketched in Figure 30.62b. i = £,‘R~ __ =0.385A. V > (1000X0.385 A)-38.5 V; V 1 ^0; 

V % - V 4 - 50 V - 38.5 V = 11.5 V. /,^0.385A; i 2 = \ -0.153 A: f t = - 0230 A. 

Evaluate: Just after th: switch is closed the current through the battery is 0.333 A. After a long tmx the 
current through the battery is 0.385 A. After a king time there is an additioail current path, the equivalent 
resistance of the circuit is decreased and the current has increased. 


Ill'll 



Figure 30-62 

30.63. IDI.VIITV and SET UP: Just after the switch is ekised. the current in cich branch containing an inductor is zero 

and the voltage across any capacitor is zero. The inductors can be treated as breaks in th: circuit and the capacitors 
can be replaced by wires. After a bog time there k no voltage across each inductor and no current in any branch 
containing a capacitor. The inductors can be replaced by wires and the capacitors by breaks xn the circuit. 
EXECUTE: (u> Just after the switch is closed the voltage \\ across the capacitor is zero and there is also no current 
through the inductor, so \\ = 0. \\ + K, = V 4 = V i% and since \\ = 0 and l\ = 0. V 4 and K are also zero. 

V 4 - 0 means V t reads zero. V x then must equal 40.0 V. and this means the current read by A [ is 

(40.0 VM50.0 ft) ^ 0.800 a. A : . + A k + = 4. but .4, = A, = 0 so A, = A, = 0.800 A. A, = A 4 - 0 8X A; all other 

ammeters read zero. \\ - 40.0 V and all other voltmeters read zero. 

<b) After a long time the caparitor is fully charged so A 4 -0. The current through the inductor isn’t changing, so 
\\ - 0. The currents can be calculated from the equivalent circuit that rcplares the inductor by a short circuit, as 
shown in Figure 30.63a. 

50.0 n 50/) 0 



Figure 30.63a 

/ - (40.0 V>'(83.33 ft) ^ 0.480 A; \ reads 0.480 A 
\\ = /(50.0 ft) • 24.0 V 

The voltage ktoss each paralfcl branch is 40.0 V 24.0 V - 16.0 V 

0. V 2 *V 4 mV % *\t .ov 

V 2 = 16.0 V means As reads 0.160 A. V 4 - 16.0 V means A\ reads 0.320 A. A 4 reads zero. Note that A i -¥A i =^A i . 
(c> \\ -16.0 V so Q - CV -(12.0 //FKI6.0 V) - 192 fiC 
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30.64. 


30.65. 


30.66. 


(cl ) At l • 0 and i —» w, K - 0. As the current in this branch increases from zero to 0.160 A the voltage V> reflects 
the rate of change of the cuncnt. The graph is sketched in Figure 30.63b. 



Evaluate: Thrs reduction of the circuit to resistor networks only apply at t - 0 and / — t t. At lnternxdiate 
times the analysis is complicated. 

Idem ify : At all times v, + v* - 25.0 V. Th: voltage across the resistor depends on the current through it and the 
volta^: across the inductee depends on the rate at which the current through it is changing. 

SET Up: Immediately after closing the switch the current thorough th: inductor is zero. Alter a long time the 
current is no longer changing, 

EXECUTE: (a) / -0*o I - 0 and v\ - 25.0 V. Th: ammeter reading is A - 0. 


1.67 A. The ammeter reading is 


(b) After a long time. \\ - Oand r = 25.0 V. », - }R and i - !± - \ 

A = 1.67A. 

(c> None of the answers m (a) and (b) depend on L so none of them would change. 

Evaluate: The inductance L of the circuit affects the rate at which current reaches its final value. Hut after a 
long time the inductor doesn't affect the circuit and the final current docs not depend on L. 

IDEMITY: At I - 0 . i-O through each indurtor. At / —> x . the voltage is zero across each mdurtor. 

SET UP: In each case redraw the circuit. At / - 0 rephee each inductee by a break in the circuit and at / -♦ y> 
replace each inductor by a win:. 

Execute: (a) Just after the switch is closed there is no current through either inductor and they act like breaks m 
the circuit. The current is the same through the 40.0 ft and 15.0 ft resistors and is eqiul to 
(25.0 V)/(40.0 n + 15.0 f2> - 0.455 A. \ = A 4 = 0.455 A; A i = A. = 0. 

(b) After a long time the currents are comxant. there is no voltage across either inductor, and each inductor can be 
treated as a short-circuit. The circuit ts equivalent to the circuit sketched in Figure 30.65. 

/ ^ (25.0 V)/(42.73H> ^ 0.5S5 A . \ reads 0.585 A The voltage across each parallel branch is 
25.0 V-f0.585AX40.0n>-1.60 V. A : reads f 1.60 V)/(5.0fl) - 0.320 A . A t reads 
(1.60 V)/(I0.0£1) - 0.160 A . A 4 reads (1.60 V)/(l5.00)-0.107 A 

Evaluate: Just after th: switch is closed the current through the buttery is 0.455 A After a long line the 
current through the battery is 0.585 A. After a king time there arc additional current paths, the equivalent resistance 
of the circuit is decreased and the current has increased. 

40.012 4UUII 


r-vVW 


25.0 V 




11)0 



—ywv 


250 V 



Figure 30.65 

IDEMITY: ( losing S : and simultaneously opening .5, produces an /.-{'circuit with initial current through the 
inductor of 3.50 A. When the current is a maximum the charge q on the capacitor is zero and when the charge q is 
i imximuin th: current is zero. Conservation of energy savs that the maximum energy iff steecd xn the inductor 


equals the maximum energy stored in the capacitor. 

SET L ! P: j - 330 A . the current in the inductee just after the switch is closed. 
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30.67. 


Extxi lt: (a) 


^^(2.0x10 * 11X5.0x10’* F1O.50 A)-3.50x10"* C-0.350 mC. 

(bl When </ is maximum. r = 0 . 

EVALUATE: In the final circuit the current will oscillate. 

lutvim: Apply the loop nile to each parallel branch. The voltage across a resistor is given by fi? and the 
voltage acrovs an inductor is given by The rate of change of cumnt through the inductor is limited. 

Set UP: With S closed tlx circuit is sketched in Figure 30.67a. 

The rate of change of the 
current through the inductor 
is limited by the induced 
cmf. Just after the switch is 
closed tlx cuncnt in the 
inductor has not hid time to 
increase from zero, so 

L - 0J00 H h * ° 



Figure 30.67a 

Execute: w € - - o. so v - 60.0 v 

(bl The voltage drops across as we travel through the resistor in the direction of the current, so paint a is at 
higher potential. 

(c) r’j - 0 so v*. «r\- 0 

=0 so v t =£ = 60.0 V 

(<l) The voltage rises when we go from h to a through the cmf. so it must drop when we go from ii to h through the 
inductor. Point e must he at higher potential than pcxnt d. 

(e) After the switch has been closed a long time. — > I 

i ii 


- 0. Then c-v A - 0 and r,= t 


60.0 V 


- 2.40 A. 


K ; 25.o n 

SET UP: The rale of change of the cuncnt through tlx inductee is limited by the indured cmf. Just after tlx 
switch is opened again the current through the inductor hasn't had time to change and is still i s - 2.40 A. The 
circuit is sketched in Figure 30.67b. 





I 


EXECITE: The cuncnt through 
R t is i 3 - 2.40 A. in the direction fr 
to a. Thus 

v a »-fJ?;=-<2.40 A)(40.0n> 

=* -%.0 V 


Figure 30.67b 

(f) Point where cuncnt enters resistor is at higher potential; punt h is at higher potential 

W *-*-**0 


n a »» +v 4, 

\\ ^ -V* = 96.0 V; v Ai - i : R, - (2.40 A«25.0 Cl) - 60.0 V 
Then v L = v k + v* = 96.0 V + 60.0 V * 156 V. 

As you travel counterclockw ise around the circuit in the direction of the cuncnt. tlx voltage drops across each 
resisted, so it must rise across the inductor and p>int d is at higher potential than point c. The current is decreasing, 
so the induced cmf in the inductor is directed in the dirceticvi of the current. Thus. v tJ - -156 V. 

HO Point d is at higher potential. 

Evaluate: The voltage across R t is constant once the switch is ck>*cd. In the branch containing R : . just after 
S is closed the voltage drep is all across L and after a king time it is all across R.. Just after S is opened the sanx 
current flows in tlx single loop as had been Mowing through the indixtor and the sum of the voltage across the 
resistcos equals the voltage across the inductor. This voltage dies awuv. as tlx energy stored in the inductor is 
dissipated in the resistors. 
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30.69. 


IDENTIFY: Apply the loop rule to the two loops. The cuncnt through the inductor ducuVt change abruptly. 
SET UP: For the inductor |f|- /.L and £ is directed to oppose the change in cuncnt. 


EXECUTE: (a) Switch is clewed then at son*: later time 

di di 


— - 50.0 A s 
dt 


\\ 4 * L -(0.3410 11 n 50.0 A/s) -15.0 V. 

di 


The lip circuit loop: 60.0 V-iR=j - — — 1.50 A. 

' 1 40.00 

The bottom loop: 60 V ->,*,-ISJO V=0=.i, — " — 1 .HO A. 

' ‘ 25.0 li 

(b) After a long time: i } ^ ^ ^ - 2.40 A. and immediately when the switch is opened, the inductee maintains 
this cuncnt. so a, = i\ = 2.40 A. 

Evaluate: The current through /?, changes abruptly when the switch is closed. 

IDENTIFY and SET IIP: The circuit is sketched in Figure 30.69a. Apply the loop rule Just after S, is closed, i - 0. 
After a long time j has reached its final value and di'dt - 0. The voltage arrow a resistor depends on i and the 
voltage across an inductor depends on di'dt 



Figure 30.69a 

Execute: <u> At time / - 0. k, - <> *o = r,j^ - 0. Bv the loop rule £ - v. - v. 6 -0. so v A =£-v m = £ = 36.0 V. 
(r,J? - 0 so this potential ditTcrcncc of 36.0 V is across the xnductor and is an induced cmf produced by the 
changing current.) 


di 

(b) After a long time — -»0 so Ih: potcnlial 


-L— 


across the inductor bccon*w zero. The loop rule gives 


f-K4+ff)-a 

£ 56.0 V 

i 


- 0.1 


h, 50.0 n+iso n 
v, 3 =<0.1 HO Ail 50.011) = 9.0 V 

Thu* v. »r,«+ = (0.1 HO AKISO£>)♦ 0 = 27.0 V iNole that v. ♦ i’. A = £.) 

(c» £-v m -v, =0 

£-,R ir ,R-L ±.-0 
at 

L— = £-i{R *i?»and 


R*R 


R'R,)di 
I *-<■], 

-<-£<* + *> { i- ) 

Uccwc from i - 0. when i-O. to /.when i-i,: (‘ -—- R'R, f j, = -h, —£—T 

1 -i-£<R’R.i I- l * + *.], l L f 

£ 1 (R + R. 




R’R, 

,-£<R-RM 
£<Kr/( i I 


K + K. ' I- 


-m- 


Taking exponentials ofbnth sides gives ——-—1!—— c ****** and i - —-— 

£/<* + «,) 


-c 




Substitutim.* in the numerical values gives L - 


36.0 V 


5012* I HI 12 


h-*-**® 0 


)=(0.I80 A)(l■ “•I 




Inductance 30.21 


30.70. 


A! /-*0. / o = (0.1S0 A)1 -1) =0 (agrees \wth purlla)). At /, =(0.1 SO A) I-0)^0.180 Atagrecs with pirtfa)). 




R + R 


I-* •"1^9.0 V(l-c'*** 4 ) 


v. =£-v. = 36.0 V-9.0 V(1 - e ***" 4 ) = 9.0 Vf3.00+****■•) 

At ( -> 0, v. = 0. v.*. = 36.0 V (agrees with part (a)). At / -♦ <x>, v. - 9.0 V. = 27.0 V (agrees with part (b I). 
The graph* an: given xn Tigure 30.69b. 


M*)\- 




EVALUATE: The expression for i(f) s%e derived heconvs Ii<|.(30.14 | if the two resistors R, and R in sene* are 
replaced by a single equivalent resistance R t ♦ R. 

iDEMlfrY: Apply the loop rule. The current through the inductor doesn't change abruptly. 

SET UP: With S 3 clewed. v k must be zero. 

Execute: (a) Immediately after .V, is closed, the inductor maintain* the current / -0.1 HO A through R. The 
loop rule around the outside of the circuit yieVds 

€+£ t -iR-i t R t - 36.0 V-f (0.18 A 1(150 O)-<0.!8 A)(150 Q)-/ f (50 ft I -0. - 0.720 A. 

v. -(0.72 AX50V)- 36.0 V and v A -0. 

(b) After a long time. v. -36.0 V. and v* - 0. Thus r, - -1- 'r-— - 0.720 A. i k - Oand i 4l = 0.720 A 

R t 50 ft 

(c) t =0.720A. i,(f ) = JL-e '^“‘and i,(r)-(0.180A)c 

i. .(f) = (0.720 A) - (0.IK0 A k " u ' ‘- (0.1 HO A)| 4 - c IK- graphs .if the currant arc given in Figure J0.70. 

Evaluate: R t i* in a loop thxt contains ju*t ‘‘and R>, so the current through R , is constant. Alter a long time 
the current through the inductor isn’t changing and the vohage across the indurtor is zero. Since t tA is zero, the 
voltage xross R must be zero and becomes zero. 


•, (A) 


» r (A> 


UMl 

O.M> 

CX 20 

ano i- 

0.05 C 


>1 Oft* Ill? Ill* 0.2T 
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30.71. iDfMltY: The current through an inductor doesn't change abruptly. After a loag time the current isn't changing 
and the voltage across each inductor is zero. 

SET UP: Problem 30.47 shows how to find the equivalent inductance of inductors in series and pirallel. 

Execute: (a) Just after the switch is closed then: is no cunent in the inductors. There is no current in the 
resistces so there is no voltage drop across either resistor. .1 reads zero and V reads 20.0 V. 

<b) After a long time the currents are na longer chancing, thrre is no voltage across the inductors, and llx inductors 
can be replaced by short-circuits. The circuit becomes equivalent to the circuit shown in Figure 30.71a. 

I -120.0 V)/( 75.0 O) -0.267 A . The voltage between points a are! h is zero, so the voltmeter reads zero. 

(c) Use the results of Problem 30.49 to combine the inductor netw ork into its equivalent, as shown in Figure 30.71b. 

R - 75.0 f2 is the equivalent resistance. Eq.<30.141 says r - (£fR\i\ -e* 1 with 

r^L/R - (I0.8mll)/(75.0ft)-0.l44 n». £>20.0 V, R* 75.0*2, /-O.llSimso /^0.147A. 

V M - iR = (0.147 A X75.0 *2) -11.0 V . 20.0 V - V M - « 0 and V t - 20.0 V - V e ^ 9.0 V . The ammeter reads 0.147 
A and the voltmeter reads 9.0 V. 

EVALUATE: The current through the battery increases from zero to a final value of 0.267 A. The voltage across 
the inductor network drops from 20.0 V to zero. 

50J>!) 



Figure 30.71 


30.72. 


iDi.vlltY: At steady state with the switch in position 1. no current Hows to the capacitors and tlx inductors can 
be replaced by wires. Apply conscnatxm of energy to the circuit with the switch in position 2. 

SET Up: Replace the series combinations of inductors and capacitors by their equivalents. For the inductors use 
the results of ProbVrm 30.47. 


Execute: 


(a) At steady state i - — 

R 


75.0 V 
125*2 


- 0.601 A. 


(b) The equivalent circuit capicitance of the two capacitors is given by-t-and C - 14.6 uY . 

C, 25 fjf 35 fjY 

1, s 150 mil + 5.0 mil =* 20.0 mil The equivalent circuit is sketched in Figure 30.72a. 

Energy coiucnallon: . q-i B jLC ■ (0.600 A>^<20-10 ‘ 11)114.6*10'* F) -3.24.10 ‘ C At dumn 

in Figure 30.72b. the capacitors have their maximum charge at / = 7V4 . 


t-iT- i(2r./ZC) - - £^'(20.10 * 11X14.6.10* F) - S.49xl<) * 


EVALUATE: With the switch closed the batten’ stores energy in the inductors. This then is the energy in the L*C 
circuit when tlx switch is m position 2 . 

y it IIUA a 114 ivi ».d 


20 mil 



10.73. Idem itY: Follow the steps specified in the problem. 

SET Up: Find the tlux through a ring of height A. radius r and thickness Jr. Example 2K. 19 shows thai 


M.yy 

2.71* 


inside tbc toroid. 




Inductance 10.25 


f.XItllK: <.)<«*, -/BlWrl-J; g- 






, - A'O. . A. V ' 1 


.7 




(cl 


b-a tb-a) x 


L* 




:.t 




Evaluate: -ol is the cross-sectional area A of the toroid and a is approximately the radius r. so this result 

is approxirmtelv the some as the result derived in Example 50.5. 

30.74. iDEVIltY: The direction of the current induced in circuit A is given by Len/'s law. 

SET UP: When the switch is closed current flows counterclockwise in the circuit on the left, from the positive 
plate of the capacitor. The current decreases as a function of time, as the charge and voltage of the capacitor 
decrease. 

EXECUTE: At loop A the magnetic field from the wire of the other circuit adjacent to .*1 is into the page. Th: 
magnetic field of this current is decreasing, as the current decreases. Therefore, the magnetic field of th: induced 
current in A is directed into the page inside A and to produce a magnate field in this direction th: induced current 
is clockwise. 

EVALUATE: The magnitude of the emf induced in circuit A decreases with time after the switch is closed, 
because the rate of change of th: cunent in the other circuit dxreascs. 

30.75. (a) IDENTIFY and SET Ur: With switch S closed the circuit is shown in l iuurc 30.75a. 



Apply the loop rule to loops 1 and 5 

Execute: 

hop 1 

e-tA-o 

r,-(independent off) 

jV 


hx»p <2 j 


a 


f-i R -L—L-0 


This is in th: form of equation (50. 12k so the solution is analogous to l:q.(30.14 >: i : - jLj I 1 1 


(I>1 EVALUATE: The expressions denved in part (a) rive that 




t = 




steady-state, th: inductance then has no ctYcct on the circuit. The current in R t is constant; the current in /?, starts 
it zero and rises to £ •' R : . 

(cl iDEVirn and SET L’P: The circuit now is as shown in Figure 50.75b. 




l<d / - 0 now h: when S is opened. 


At / - 0. / - —. 

R\ 


Figure 30.75b 

Apply the loop ruk: to the single current loop. 

Execute: -r<£, *• R .- 0.(Now is negative. I 

K, > B've* j 

Integrate from / - 0. when r - /, - £.' R.. to /. 
and 






T aking cxponcntuls of both sides of this equation gives i - Sc ' k ’ *•*' 1 - 
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30.76. 


30.77. 


(d) IDENTIFY and SET Up: U* the equation derived in part (c) and solve for R : are! £. 
Execute: L -22.011 


'* 


R . --40.0 W gives R. - 


V* (120 V) J 


360II 


40.0 W 


- * 

We are avked to find R. and £. Use the expression derived xn part (c). 
J 4 » 0.600 Au>£{R 5 -0.600 A 

£ 


r - 0.150 A when / - 0.080 s, so / - 


✓-AH* 


lives 0 150 A-(0.600 Ak 


V i. 


W'***"" so In4 -|/f, ■* R,U 'L 

ff.- <22<llllll,J -i6on-i8i.2n-36Qn-2i.2n 
1 t o.oso s 

Then £ ^ (0.600 A|Jf a ^ (0.600 A)(21.2 ill ^ 12.7 V. 

(c) IDENTIFY and SET l*P: Use the expressions derived in part (a). 

Execute: The current through the light bulb before the switch is opened is - 4r “ 0.0353 A 

Evaluate: When tlx switch is opened the current through the light bufc jumps from 0.0353 A to 0.600 A. Since 
the clcctrxal power dissipated in the bulb (brightrxss) depend on i*. the bulb suddenly becomes much bnghter. 
Identify : Follow the steps specified in the problem. 

Set Up: lhc current xn an indurinr does not change abruptly. 

Execute: (a) Using KirchhofTs loop rule on the left and right branches: 

Left: £-(i+i* )R-L— -0o/?(/.*M + /.— -£. 




ri 


Right: £-(, l +i i )R- i ±.-0->RU t +i s ),iL-£. 


(b) Initially, with the switch just closed, i - 0 . i. - — and i/.. - 0 . 

(c) The substitution of the solutions into th: circuit equations to show that they satisfy th: equations is a somewhat 
tedious exercise but straightforward exercise. We will show that the initial conditicois arc satisfied: 

At r - 0. q - —C sin {at > - -l_sin<01 - 0. 
o)R toR 

r ( (r) i £(l-r 'l(2^/?r) *sin(tuf)t-cos(«r)l->i 4 (0)-—(l-Icos(0)I>-0. 

R R 


(d> When docs L first equal zero? = f---- - 625 rad’s. 

£C (2 RC? 

*\-{2mRC) *sin(4!Af)^cos(ft>f)]=5 -(2rui?C) 1 tani^r)-* I - 0 and 
R 

taniy.T) = +2caRC = -f2<625 rad sX400 fiK2.00x 10 * F) = 1.00. 

0.785 


ft* - arctanl +1.00) ^ +0.7S5 ^ t ^ 


- 1.256* 10 s. 


625 rads 

EVALUATE: As l -♦ co, r, —♦ £' 1, q. -> (land i, -+ 0 
Identify : Apply L - -—±4o calculate L. 


SET Up: In the air the magnetic field is B^ t - In the liquid. ^ 

W If 


EXECUTE: (a) <1> A - BA - B, A, . + B^ A 


“£.<(/> - d)W) . > - HMi D -<!) • AVI 


i - ; D, where L t - fi xl S'D, and L t = K^S'D- 




Inductance AO-25 


AO. 78. 


A0.79. 


<b| Using K - -f I we can find the inductance foe any height 



Height of Fluid 

Inductance of Liquid Oxygen 

Inductance of Mercury* 

d =■ D/4 

0.63024 1! 

0.63000 II 

d =. D/2 

0.63018 II 

0.62999 II 

d = 3/3/4 

0.63072 H 

0.62999 II 

Cs 

it 

T3 

0.63096 II 

0.6299K II 


The value* *.(0,)= 1.52x10 1 and/Jllgl --2.9x10 ' lave Ix-cn used. 

EVALUAYC: <d| The volume gauge if much better for the liquid oxygen than tlx nxrcury because there is an 
easily detectable spread of values fee the liquid oxygen, but not for the mercury. 

IDEMIET: The induced emf across the two coils is due to both the self inductance of each and the mutuil 
inductance of tlx pair of eoils. 

SET Up: Hk equivalent inductance is defined by f-I —. when: l' and i an: the total emf and current across 

dl 


the comb mat tun. 


tXECU te: Series: L — t /., 

dt dt 




I 

dt dt 


llul i - i, -t i, — -—! - —^ ami A/,, - .1/,, - .1/. no (Z, r L, r 2.1/1—- - L —arxl /. = L, » ■* 2.1/. 
dl dt dt dt dt 

Parallel: Wc have L. — t M„^L - L — and L.—, with £ and A/ - M. -.1/ 

dt '■ dt ~ dt dt ■'dt ~dt dl dt dl 

To simplify the algebra let A = £.. fl = l£. atxl C = —. So LA f MB = L C, L.B + MA =L C,A*B-C. Now 

dt dt dJ 

solve for A and B in terms of C O, -M)A + (Af -L)B^0u*ing A = C-B. (Ly - M\(C - B\ +(.1/ - /., )B - 0. 
{L,-M)C-{L,-U\Br{M-L a )B = f>. (ZW -1, - L a )B = (A/ - |C and fl —/ ' -C~. 

M-L. 


[ . Suhsmute .(in II back 


Hu, -M-A/^ r o , if , 

<2U-L,-L.) <2.1/ -/, -Zj| 2M-L.-L, 

into original equation: 

I/A/-!,)^ A/.AZ-A, c CinJ »-£/, c . V:-» ; . 

2A f-L.-L: (2 M-L,-L 3 ) 1M-L X -L, * Ly + L^-IM 

Evaluate: If the flux of one coil doesn't puss through the other coil, so A/ *0, then the results reduce to those 

of problem 30.47. 

IDEN IIEV: Apply KirchhoIVs loop rule to the top and bottom branches of the circuit. 

SET Up: Just after the switch is closed the current through the inductor is zero and the charge on the capacitor is 


e 


Z - 


Execute: C-ifr-L^-o^ =JLd-e e-i A =o =>-£*, -£=o=>i t =JL,W>. 


mj'^t'.-LRic "" -ff<l-e 


|b> i(0| ^ £ll- < -°| - 0. /, = £r” - I 8 " V 9.60x10 ' A. 

R, 1 R t 500011 

(c)A*f-*w: /,|x)-—<!-« * - - — — - 1.92 A. n- — c ’ = 0. A good definition of a "long lime" Is 

/?, /?, 25.00 /?* 

many time constants later. 
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(d) 1,=/,=—(l-f H '^ K ) = —>• W-M^iW. Expandingihe cxpanemiah like 
*1 tf. 


L-'-l... 


£.,il,..., M r,nd: fll-l/Al t‘ r ...= *L 1 -J—t—l——• and 
2 3! £ 2\ £) R, RC 2R C 


ft — •- —1— ♦ 0(f , ) +••• - —. if we have auumed that t «I. Therefore: 

L R{C i 


r.JJ_( | 0.'><5<HXnK2.0> l 0 1 d j a|6||Dl| 

R t {(l/L)Hl/R,0) {L*R,‘C) ls.0il»(500012>*(2.0»!0 F)) 

(e> Al r-1.57-10 '*: A =L(l-e (l-e ‘ A. 

R. 25 ft 

<0 W'c want ti> know when th: current is half it* final value. We note that the current i* very small to begin with, 
and Just gets smaller. so we ignore it and find 

U = 0.960 A = i> —(1 -r H ^> - (1.92 A ill - e < fc ' 4 ‘ i. e ***** m 0.500 r> / - —In) 0 5) - ^illr*0.5> - 022 s 
/?, /?, 25 ft 


EVALUATE: i ( is initially 7cro and rises to a final value of 1.92 A. r, is initially 9.60 mA and falls to zero. q i k 
initially zero and rises to q : - SC = 960 fi/C. 
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31.1. IDENTITY: I -/costAtf and - l\}2. 

SET L’P: The specified value is the rooc-ircaxi"square current, - 0.34 A. 

Execute: (a) I lm =0.34 a 

(b) / - - «/2(034 A).048 A. 

(c) Since the current is positive holt'of the time and negative half of the time, its average value is zero. 

(<l > Since J ltm> is the square root of the average of j‘. the average square of the current is I‘ m - 10.34 A)* - 0.12 A 
Evaluate: The current amplitude is larger than its mis value. 

31.2. IDENTITY and Set Ur: Apply Eqs431.3)and (31.4) 

Execute: (a) / - jll„ = J2(2.I0 A>- 2.97 A. 

<b> / = £/b£.(2.97A>=I.89A. 

T JT 

EVALUATE: (c) The root-mean-square voltage is always greater thin the rectified average, because squaring the 
current before averaging, and then taking the square root to get the root-mean-square value will always give a 
larger valix thin Just averaging. 

31.3. Identity and Ski Vn Apply Fq.<31.5). 

V as ft V 

Execute: <a) v — 31.8V. 

v2 s’- 

< l» > Since the voltage is sinusoidal, the average is zero. 

Evaluate: The voltage amplitude is larger than V m . 

3 1.4. IDEM1FV: V = IX, «ilh X, - -L. 

Set L’P: oj is the angular frequency, in rod s. 

Execute: (a) V~IX C so / = F<yC = (60.0 VK100rad/x)(220xlO'* F|- 00132 A. 

(b) / = VuC - {60.0 VN1000rad/s)(2.20x 10** F) = 0.132 A. 

(c) / = VtoC-i 60.0 VMI0.000rad/xNM2.20x10* l) = 1.32A. 

(d) Tlic plot of log/ versus log at is given in figure 31.4. 

Evaluate: / - aA'C so log / - log {VC) -f log<u. A graph of log / versus log** should be a straight line with 
slope * 1. a rx\ that is what figure 31.4 shows. 

U*[/l 


ICO 200 500 I0ft> 2000 5000 IOCOO 

Figure 31.4 


locM 


31-1 
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31.5. 1DCM1FV: V - iX x with X\ =■ <ttL. 

SET UP: m is the angular frequency, in rail's. 

V 60.0 V 

Execute: (a) v - IX. ^ ImL and /-0.120 a 

mL <IO0rad;xM5.OOH) 

V 60.0 V 

<b>/^ - - 0.0120 A. 

&L IIOOO rad/sK5 .00 II) 

V 60.0 V 

<c}/--0.00120 A 

*>/. (10.003 rad.'xM5.01 !l> 

<d) The plot of log/versus log misgiven in Figure 31.5. 

V 

EVALUATE: / - — so log / - log! V/L )- log m. A graph of kig / versus log m should be a straight line with 
slope — I, and that is what Figure 31.5 shows. 

Ug ID 



Figure 31.5 

31.6. Idem if v : The reactaixe of capacitors and inductors depends on th: angular frequency at which they arc 
operated, ax well ax their cap&ritancc or inductance. 

SET UP: The reactances arc X i - l.'nC and X l - mL. 


Execute: (a) liquating the rcactanccx gives mL -- & - ■ t> 

(bl Using the numerical values we get m — 7 . - • —■ * 7560 rad 's 

JLC 500 mlCX3.50 yJF) 

X\ - X t - ft£ - (7560 rad S)(5.00 mil) - 37.8 f2 
EVALUATE: At other angular frequences, th: two reaclanrex could he very ditVerent. 

31.7. IDF.MIF^ and SET UP: For a resistor v k - iR. For an inductor. v ( - Kcos(ntf + 90’}. For a capacitor. 


v^sFeus (**-90% 

Execute: The graphs arc sLctclxd m Figures 31.7a*c. The phaxor diagrams arc given in Figure 31.7d. 
EVALUATE: For a resistor only in the circuit, the current and voltage in phase. For an inductor only, the voltage 
leads the current by 90^. For a capacitor only, the voltage lags the current by 90". 




Figure 31.7a and b 
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nJi^tcr 



1- : i|siirc3l.7d 


31.8. IDENTIFY: The rcaclarxe of an indurlor »v X - mL - 2t (1. . The reactance of a capacitor it X, - 

' oC Zr/C 

SETUP: Tbc frequency/itinllz. 

Execute: (a) Al60.011s, X k = 2*(60.0llz)<0.450II) = 170n. X L r prtportKmal to/so at 600Hz, X. = 17CO fl 

<b) At600llz. .V, - 1 --1.06-10' O. A', In proportional to I/, mat600llz. .V. -106a 

r 2.TI60OII/H2.50-I0' F) ' 1 1 ' ‘ 

(c| A'. -X, av» 2 t/I --—and /-U— ---' 150 Hz. 

2x/C 2x~itC 2^(0.450 HH2.50-10 * F| 

EVALUATE: X t increases when/increases X t increases when/increases. 

31.9. IDENTIFY and SET Up: Use Eqs.<31.12»and <31.18). 

Execute: (a) x\ ^mL- 2.t n - 2x(sao iizxJ.oo in ^ 1510 Cl 

lb) X. =23/1 give* L - -ii-— - 0.239 II 

' s 23/ 2 t(S0.0 II/) 

(c) A’. = —= —!—=-!- 497 n 

eoC 2 k /C 2.TIS0.0 HzX4.l»x|0‘R 

Id) A' =—— give* C = -!- -!- 1.66x10 ' F 

23/C 2 xfX c 23(80.0 ll/){ 120 £11 

Evaluate: X t increases when L increases: X i decreases wfaen C increases. 

31.10. Identify: V t = IoL 


Set Up: a k the ancular frequency, in rad's. 1 - —it the frequency in llz. 

2x 

Execute: v. ^ it*i so/ - J-i- :1 " |A 1 -i.63xio* llz. 

L 2 tolL 2x(2.60xl0 * AXd.SOxlO III 

Evaluate: When/ it increased, / decreases. 

31.11. Identify and Set Up: Apply lxis.f31.IS) and (31.19). 

Execute: V ^ IX. %oX\ ^ - 1 ’ --2X0 

/ 0.850 A 

A*. --gives C--= !.33xl0 4 F = I3.3 ziF 

teC 2 xfX c 2x(60.0 ll/X2<Ofi) 

Evaluate: The reactance relates the voltage amplitude to the current amplitude and is similar to Ohm's law. 
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31.12. IDENTIFY: Compare v. that is given in the problem to the general form v. -si: ah and determine to. 

oC 


St;r Up: 


\\ -—. i 

uC 


:R and t - / 


EXECUTE: (a) X c =-- 

taC 1120 rad sK4.80* ID F) 


P3612 


(bw^iL 


7.60 V 


4.378-10 ; A ami i =/cwiui ^(4.378-10 ' A(cculll20rad»yl. Ihcn 


X, 1736ii 

>V- Iff-<438-10 ' A|250n|cm(|l20rad/iy>£|l.l0 V|i-m||l20rad/i|r). 

EVALUATE: The vohage across the resistor his a different phase than th: voltage across the capacitor. 

31.13. IDENTIFY and SET Uf: The voltage are! current for a resistor are related by v* - iR. Deduce the frequency of the 
vintage and use this in liq.l 31.12) to calculate the inductive reactance. Eq.(31.10) gives the voltage across the 
inductor. 

EXEClTE: (a) v = (3.80 V)cosl(720 rad sir] 


IV - iR* so t —- 
R 


cos{(720 rads)/! = (0.0253 A)co*l(720 rad %»\ 


, 15012 

<l» X^toL 

to = 720 rad s. L = 0.250 II. so X x = toL -(720 rad.sM0.250 H> = 18012 

(c)lf r = /caswr then v c = K cosine ^90°) (from Ilq.31.10). V l ^!toL=IX l -<0.02533 AX 18012) = 4.56 V 
\\ =<4.56 Vicos#720 rad's*+ 90 : | 

Hut cost o r 90°) — ”sin u (Appendix BX *o v t = —14.56 V)sin((720 rads|f|. 

EVALUATE: The current is the same in the resistor and inductor and the v oltages are 90° out of phase, with the 
voltage across the inductc* leading. 

31.14. IDENTIFY: Calculate th: reactance of the inductor and of the capacitor. Calculate the impedance and use that 
result to cakuLitc the current amplitude. 

s»:r CP: With no capacitor, Z - ^R 1 -t X[ and tand - — . X k - toL. / - V k - iX t and V t - IR. For an 
inductor, the voltage leads the cuncrnt. 

Exec l TE: (a) X x = toL = (250 radsX0.400 II) -100 12. Z - J| 2<I0 121*7(100 11)* - 224 11 

<b)/-I--^ = 0.134A 
/ 224 n 

<c) V A = //? = (0.134 AM20012) = 26.8 V. V t = IX. =(0.134 AMIO011) = 13.4 V. 

<d) tanp —- __llind ^ = +26.6°. Since ^is positive, the source voltage leads the current. 

(e) The phasor diagram is sketched in Figure 31.14. 

Evaluate: Note thit V f + v k is greater tlian V. The loop rule is satisfied at each instance of time but the voltages 
across R and /. reach their maxima at ditfcrent times. 



31.15. IDENTIFY: yj/) is given by Eq.(31.8). v t (f) is given by Eq.(31.10). 

SETUP: From Exercise 31.14. I' = 30.0V, U,=26.8V\ i;=13.4 Vand <( = 26.6°. 

Execi TE: (a) The graph « given in Figure 31.15. 

<b) The different voltages are i = (30.0 V)cos(250r + 26.6°). v A = (26.8 V)cos(250/X 
v =<13.4 V)cos(25Qf r90 p ).At/ = 20nw: v=20.5V. » = 7.60V. v ,= 12.85 V Note that i *v■ =r 
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31.16. 


31.17. 


(c) At r - 40 ms: v - -15.2 V. v, - -22.49 V, v l - 7.29 V. Note that v A + v l = v 
EVALUATE: It is important to he cureful with radians versus degrees in above expressions! 



Figure 31.15 

lot Min : Calculate tlv reactance of the inductor and of the capacitor. Calculate the impedance and use that 
result to calculate the current amplitude. 

SET UP: With no resistor, / - J(A* - .V, )* - I.V. - A' I tantf iA' —!— X, - ml. Koran 

v 1 1 zero mC 

inductor, the voltage leads the current. For a capacitor, the voltage lags the current. 

Execute: (a) A' - roL - (250 nid'sK0.40l) 11) -10011 V - — • -!- 66711 

‘ caC (2S0 radiM6.00» 10 F| 

7. - |A‘, - X, \ - |I00 n -667 £l|- 567 n 
V 30.0 V 

" , » r “soiiT i0fl529A 

(c> »; - MY - <0.0529 A H667 11) = 35.3 V. V. - IX. - <0.0529 A HI 00 li) - 5.29 V. 


,d> 

zero 


lOOn-667 


ten 


- -v. and 0 - -90°. Th: phase angle is negative and the source voltage lags 


the cuncnt. 

(c)The phasor diagram is sketched in Figure 31.16. 

Evaluate: W hen .V, > X l the phase angle is negative and the source voltage lags the current 



iDf.Min and SKI UK Calculate the impendancc of the circuit and use I q.l 31.22) to find the cuncnt amplitude. 
The volta$: amplitudes arross each circuit ckrmcnt are given by Iu|x.(3l.7).(3l. 13). and (31.19). The phase angle 
is calculated using Fq.(31.24|. The circuit is shown in Figure 31.17a. 




No indiKtor means X t - 0 
R - 200 O. C = 6.00x10“* F. 
y = 30.0 V,® = 250 rad s 
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31.18. 


31.19. 


Execute: (a) V\ = _1_ -- 666.7 fi 

1 9 c «*' 1250 rad .%||6.00 v 10 ' F) 

/ - jR s +i\\-X % . )* - JI3oirO?T(666Tn7 - 696 ft 
V 30.0 V 

(b) /-- 0.0431 A - 43.1 mA 

Z 696 n 

(cl Voltage amplitude across the resistor: V k - IR = (0.0431 AM 200 n> - 8.62 V 
Voltage amplitude acres* the capacitor V c - JX t - (0.0131 AX666.7 28.7 V 

(d> land - ' ‘ ~ V ‘ - ~ 66t|T “ , -3.J33 so <• - -73.3° 

X 200 ii 

The phase angle is negative. so the source voltage lag* behind the current. 

(c) The phasor diagram i* .sketched quilitativclv in Figure 31.17b. 



Figure 31.17b 

EVALUATE: The voltage across the resistor k in phase with the current and the capacitor voltage lags the currcn 
by 90°. The presence of the capacitor causes the source voltage to lag behind the current. Note that > V. 

The instantaneous voltage* in the circuit obey the loop ruk: at all times but because of the phase differences the 
voltage amplitudes do not. 

IDEMTFY: is given by Fq.(3I.S). v c (f)is given by Eq.(31.l6). 

SET Up: From Exercise 31.17. V - 30.0 V, V M = S.62 V. = 28.7 V and * = -73.3°. 

Execute: (a) The graph k given in Figure 31.18. 

(b> The different voltage are: 

v*(30.0V)cos(25Qf-73-3°), v k = (8.62 V)cos(250r>. *(28.7V)cx»<250r-90 0 ). At r-20ms: 

v = -25.1 V. v A = 2.45 V. v c * -27.5 V. Note that v, + v c = v. 

(c> At r - 40 ms: v * -22.9 V, v> = -7.23 V. v c * -15.6 V. Note that v # ♦ v c = v 
Evaluate: It is important to be careful with radians vs. degrees* 

V 



IDENTIFY: Apply the equations in Section 31.3. 

SETUP: o = 250 rad s. R = 200 a L =0.400 II. C - 6.00 >/F and V - 30.0 V. 
Exici ie: (a) 7. -^R 1 +Ut>L - I !aC)‘. 

7. - Ji20l)n| J -.<(250nd'*H0.040IHI)-1. , «250rad'SH6.00«IO * F»>' ^601 ii 

000 - 667 n‘| 


(H> /--- V - 0.0199 A. 

' z win 




- arctan j 


wL-l/ftfCi 


at. .at - 


100 ft 


= -70.6 . and \Yk voltage lags the current 
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31.20. 


31.21. 


31.22. 


<d> V M - IR - (0 0499 AW200£2) 9.98 V; 

V L = /»! = (0.0499A)(250fid/sX0.400II) = 4.99V; V. - - - " 1 Al --33.3 V. 

A H <oC (250 radsH 6 . 00 x 10 F> 

Evaluate: (c) At any instant, v- v M +v c + v t . But v, anil v t arc 180° out of phase, so v c can he larger thin v 

at a value of /. if Y t 4 v M is negative at that t. 

IDENTIFY: v a (/) is given by Eq.(31.8). v c (t) is given by Eq.(31.l6). v L (t) is given by Eq.(31.10). 

SET UP: From Exercise .31.19. V - 30.0 V. V t = 4.99 V. V k = 9.98 V. V ( - 33.3 V arxl f = -70.6°. 

Execute: (a) The graph is sketched in Figure 31.20. The different voltages plotted in the graph arc 
v - (30 V)cos(250f-70.6°), v> = (998 V)cos(250*k v 4 =<4.99 V)cos(250f r90 s ) and v c -(33.3 Vico*250/-90*1. 
(b>At t = 20 ms: v» -24.3 V, v M m 2.83 V, 17 = 4.79 V. v f »-31.9 V. 

(c)At f = 40ms: v =-23.8 V. »>=-S.37V, y 1 =2.71V. v*»-l 8 .IV. 

Evaluate: In both parts (b) and (c). note that the source voltage equals the sum of the other voltages at the 
given instant. Be careful with cfegrccs versus radians! 

V 



iDf.MltY and SET UP: The current is largest at the resonance frequency. At resonance, X x - X t arxl 7. - R. For 
part <b). calculate 7. and use / = V fZ. 


Execute: <a) ——-mil/. /-r/n-iS 0 mA. 

|b> x,- =Vo>c =soon .v, -£»/. = !60ti z-^r' r(X, -x, r - Jaaony r (i6on-5oom ! - 394 . 50 . 

I - V17. - 7.61 mA. X c > .V. so the source vohage lags the current. 

EVALUATE: <q, - 2 ;r/ t . — 710 rad s. co - 400 rad s and is levs than <o t . When to < ea t . .V, > X\. Note that / in 
part <bl is Vrss than / in part (a). 

iDEMltY: The impedance and individual reactances depend on the angular frequency a! which the circuit is 
driven. 


Set Up: The impedance is Z - Jff* -t| eoL - — | . the current ampJitud: is / - V7Z % and the instantaneous 


values of the potential and current are v - V costs.* 4 fa where tan (Xi Xc)>R, arxl i - / cos cot. 

EXECUTE: (a) Z is a minimum when coL - —I—, which gives ca --i— - -■- 3162 rad s - 

aC yjLC ^(S.OOmll)(l2.5/fF) 

3160 rids and Z - R - 175 £2. 

<b) / - VfZ - (25.0 V)< 175 H) - 0.143 A 

<c) i - /cos tx - so cosni - t. which gives tea - 60° - x3 rad. v - Koa(tf ♦ fa where tan * - fJC - X< \'R - 
0 R -0. So, v - (25.0 V) ciwftf - (25.0 VK I2> - 12.5 V. 
v M -Ri -<175£2X1 '2X0.143 A) - 12.5 V. 

v c - y c costed 90 : » - IX, eos id 90 p > - - ° - 1 . l ■ -cosX60° -90°) - *3.13 V. 

f 1 (3162 rad sH 12.5 ^F) 
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31.23. 


31.24. 


31.25. 


31.26. 


It-V^CMCar » 90°)-rXiCo*t(* ♦ 90°) - fO 143 AX3I62 rud sXS.OO milt cos(60* ♦ 90*). 

H—3.13 V. 

(d) \' A * \'i + vc - 12.5 V - (-3.13 V) ♦ 3.13 V - 12.5 V - 

EVALUATE: The instantaneous potential ditlcrcnccs across all the circuit dements always add up to the value of 
the source voltage at that instant. In this case ireumaixe). th: potentials across the inductor arxl capacitor have th: 
same magnitude but arc 180° out of phase, so they adJ to zero, leaving all the potential difference across the 
resistcc. 

IDENTIFY and SET Ur. Use the equation that preeeeds Eq.(31.20): V 1 = Vl + (K - K ) ! 


Execute: V - ^(30.0 v>* *<so.o v - 90.0 vy - 50.0 v 

EVALUATE: The equation follows directly from the phasor diagrams of Fig.31.13 (b ore). Note that th: voltage 
amplitudes do not simply add to give 170.0 V for the source voltage. 


Identify and Set Ur: \\ - »£and X\ - 
Execute: (a) If then X - mL - —L 

(b) When /y>«„ X>0 

(c) When X < 0 

(d) The graph of X versus <o> is given in Figure 31.24. 
EVALUATE: / ^ JR* +X 2 and tan*> - XR 

X 


X - 


7i7~7~JI7- 



Set Up: 20.0 W rs the avenge power P . 

EXECUTE: (a) The average power is one-half the maximum power, so the maximum instantaneous power is 
40.0 W. 

P 20.0 W 

|b) / - —-- 0.167 A 

V lm 120 V 

tc)*«2L« 200w 


Hi) LI 


/' (0.167 A t 


Y’ y l (120 V) : 

Evaluate: We can also calculate the average power as P - -i-H JL 1-1-20.0 W. 

^ ^ R R 750 n 

Identify : The average power supplied by the source is P - Y lt J tm cos$$. The power consumed in the resistance 
is P*I\ R. 


SETUP: eo = 2.rf = 2*(l.25x10* Hz) = 7.854x10* rads. X c =oL*lS7tl X. -909(2 

toC 

Execute: (a) First, let us find the phase angle between the voltage and the current: 

land---- -and d - -65.04°. The impedance of the circuit is 

R 35012 

Z - J5F + <X L - X c ) 1 - J(350Or *(-752 0)* - S30 (2. The average power prov ided by* the generator is then 


p-r / cosf^)- 




u Jl - "'"y coM-OS.OI 1 ) - 7.32 \V 
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31.27. 


31.28. 


31.29. 


31.30. 


(lit The average power dissipated by the resistor is P A - l‘ m R - 1 ^ ^ » <J5U£2t - 


120 V 


7.32 W. 


Evaluate: Conservation of energy requires that tlx answers to parts fa) and (b) are equal. 

IDENTIFY: The power factor is costf. wforre p is the phase angle in !*ig.31.13. The average power is given by 
Eq.(3l.3l). Use the result of part (a| to rewrite this e.xpcexsion. 

(a) SET UP: The phasor diagram is sketched in Figure 31.27. 


Exec ite: 

From the diagram 

V k IR R 



COS^ - — - -— - — 

V l/. X 

;is was to he shown. 


r r. 


Evaluate: In an I J?*Ccircuil, electrical energy is stored and released in the inlurtur and capacitor but none is 
dissipated in either of these circuit dements. The power delivered by the source equals the power dissipated in the 
resisted. 

V R 


IDENTIFY and SET Ur: P m ^ V n J^ cos*. I mm - -f=-. cos* - —. 


° V 0.762 A. co*«*.I12fL0.714. P. *(80.0 VX0.762 AM0.7I4) = 43.S W. 


Execute: / 

*•* 105 0 * 105 0 

EVALUATE: Since the average power cceisumcd by the inductor and by the capacitor is zero, we can also 
calculate Ihr average power a* P„ * - <0.762 A)‘(75.0 11) - 43.5 W. 

iDLNIlfrY and Set Up: Use the cquatxms of Section 31.3 to calculate X and V mm . TT»e average power 
delivered by th: source is given by* Kiq.(31.31) and the average power dissipated in the resistor is 
Execute: (a) \\ ^A>f. = 2*/I^2*(4001lzXO.I20 II) - 301.6 fi 

Xf ~ ™T'2FJr " 2x(400 I1/M7.J-10 * ><7> " 54 51 11 

tan? - ———- '" l " — 1 " - - - ■•45.S’. The power factor i» ecu 4 - *0.697. 

R 240 11 ~ ' 

|b> 2 - Jr : +(X\-X, J- - ^<240 nr * <301.6 n -54.51 «)• - 344 ii 

(c> y „. = l^Z = <0.450 AX J44 11) = 155 V 

(d) P„ = /.„»•„coafi = <0.450 AM 155 VX0.697) - 4S.6 W 

|e> P = !"Jt - (0.450 A)-<240 ill - 4S.6 W 

Evaluate: The average electrical power delivered by the source equals the average electrical power consumed 
in the resistor. 

If I All the energy stored m the capacitor during cote cycle of the cuncnt is released back to the circuit in another 
part of the cycle. There is no rxl dissipation of energy in th: capacitor. 

(U) The answer is the same as for the capacitor Energy is repeatedly being stored and released in the inductor, but 
no net energy is dissipited there. 

IDI.VIIFY: The angular frequency and the capacitance can be used to calculate the reactance X t of the 
capacitor. The angular frequency and the inductance can be used to calculate the reactance of the inductor. 
Calculate the phase angle *und then the power factor is cos?. Calculate the impedance of the circuit and then the 
rms current in the circuit. The average power is - f«»/»«cos#. On the average no power is consumed in the 
capacitor cr the inductee. it is all consumed in the resistor. 

V 45 V 

SET UP: The source lias rms voltage V - --— - 31.8 V 


li 
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31.31. 


31.32. 


31.33. 


31.34. 


Execute: .V -A>/. = (360radsXl5xl0° il)^5.4ft x\ =— - 

(360 rad'sX3.Sx 10 F) 


tan^- 


X, - X\ 5.4 ft-794 ft 


150ft 


and ^ - -72.4°. The power factor is coed - 0.302. 


(b> Z = *(A\ -AV>* = N l(250 ft)* + (5.4 ft - 794 ft) 3 = 827 ft ^ % - 0.0385 A. 

P ^ r w / to ct»^ = (31.8 VK0.0385 A HO.302)-0.370 W. 

(c> The average power delivered to the resistor is P m - /^R - (0.0385 A)*(250 ft) - 0.370 W. The average powei 
delivered to th: capacitor and ho the inductor is zero. 

Evaluate: On average the power delivered to th: circuit equals the power consumed in lb: resistor. Hie 
capacitor and inductor store ekctrical energy during part of the current oscillation but each return the energy to the 
circuit during another part of the current c>vle. 

IDENTIFY and Set Ur: At the resonance frequency. Z- R Use that K- /Z. V t -- SR. \\ - IX. and Y t ^ IX c . P m 
is given by Eq.(31.31). 

(a) EXECim: V -17. - SR- (0.500 A)(300ft) ^ 150 V 

(b) V k - SR - 150 V 

X. -n>L -L(l' JLC) - JTJc - 2582 ft V, - IX, -1290 V 

A", = I .'(<uO = -JUc - 2582 ft V, = IX, - 1290 V 

(c> /;. - lllcmfi - ~I : R. since V - !R and ci nfi - 1 al resonance. 

P„ = 4(0.500 A) : (30012) - 37.5 W 

Evaluate: Al resonance K, - V ( . Hale that V. ♦ V c > V. I lowcver. at any innanl v ( + 1’ ( - 0. 

IDENTIFY: The current is maximum at the resonance frequency, so cheosc C such that <u - 50.0 rad’s is the 
resonance frequency. At the resonance frequency Z - R. 

Set Up: V t = SuL 

V 

EXECUTE: (a) The amplitude of the current is given bv / — ■ Thus, the current will have a 

♦(•*-£>■ 

maximum amplitude when mL - —L» Therefore. C - \ -!-44.4 uY. 

m'L (50.0 rad«s r(9.00H) 

(b) With the capacitance calculated above we find that Z - R. and the amplitude of the current is 

/-L. *T ■ -■ - 0.300 A Thus, the amplitude of the voltage across the inductor is 
R 400 ft 

\\ = I{cjL\ - (0.300 AX50.0 rad s>9.<Xl II) = 135 V. 

EVALUATE: Note thit Y\ is greater than the source voltage amplitude. 

Identify andSET Ur: At resonance X, ^ X c% t ^ 0 and Z ^ R. R - 150 ft. L - 0.750 II. 

C -0.0180 //F. J' = 150 V 

Y' __ v 

Execute: (a) At the resonance frequency X - X and fr»>m tand - —_— have that ^ _ 0° and the 


power factor is cos o - 1 . 00 . 

|b> P„ = AI7cos 0 (l;q.3131) 

V V 

At the resonance frequency Z - /?, so / - — - — 

P„ «41'| — jeoto 75 o W 

" • \ R) I 15011 

|c) Ev aluate: When C and/are changed but the circuit is kept on resonance, nothing changes in 

P mt - V* .'(2/?k so the average power is unchanged P dl - 75.0 W. The resonance frequency changes but since Z - 

R at resonance the current doesn’t change. 


Identify: ^ - -j—. V c - IX < . V - /Z. 
SET Up: At resonance. Z - R. 
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31.35. 


31.36. 


31.37. 


Execute: (a) /,/. ■ -J---!- 1.54x10* rad* 

■JLC ,i(0..'50 ll«0.0120* 10 * F) 


x ( 


'■>(' 11.54-I O' rad's 1(0.0120 < 10 * F( 


-5.41x10' li. 


550 V 

\ 5.4I-IO' n) 


400 O)-40.7 V. 


EVALUATE: The voltage amplitude for \Yk capacitor it more than a factor of 10 litre* greater than the voltage 
amplitude of the source. 

iDl.Min and SKI tn The retcciance anuular frequency is c\ «■ i X , - mL. X, - - and 

JLC coC 

X - yjfl ! +(X k - X € y. At the resonance frequency X. - .V, and 7. - R. 

Execute: (a) Z-rt-ll5n 

- I 33 x 10* rads . to ^ 2<u. - 2.66 x 10 4 rad s. 


\h) to t - 


J(4.50x10 11x1.26x10'* F> 


X. -toL - (2.66 x 10* rad sl|4.50x 10 ; 111-120*1 X\ - —- 


taC (2.66x10* nil %X 1.25x 10 * F> 


- 30 


z = ,/iiisnr+ii2on-3onr -i46n 

(c) n> — ntj •'2 — 6.65 x 10* rads. ,V-30tt X c ~ -L - 120 fl Z - J(l 15 toy+(30 ft - 120 ftf -146 0. the 
tame value as in part lb). 

Evaluate: For to - 2<H„ X t > X c . For m-m,: 2, A" x < X ( . But (X t - AY V has the same value at these two 
frequencies* jo Z is the same. 

IDENTIFY: At resonance Z - R and A\ - X e . 

SET Up: V - /Z. F, - JR, F t - /.V t and V c - F t . 


Execute: (a) - 


j(0.280ll)( 4.00x10* F 


« 945 rads. 


F 120 V 

(b) / - 1.20 A at resonance, so R- Z - — - ^ - 70.6H 

(c) At resonance. F, -120 V. F A - F< - IcoL - (1.70 A )(945 rad/s)J0.280 II) = 450 V. 

EVALUATE: At resonance, V, = F and F. - F* - 0. 

IDENTIFY and SET Up: Fq.l 31.35) relates the primary and secondary voltages to the number of turns in each. / - 
VIR and the power consumed in the resistive load is /‘^ - V^/R. 

—- 

(c> P„ - l:R - (2.40 A)’(5.00 n> - 28.8 W 

(d) The power drawn fn>m the line by the transforms is the 28.8 W that is delivered by th: load. 

/>„ !2*,*Jl = <!£^scon 

R r 28.8 W 


And ; -L | (5.00 0)=(l0)'(5.00 O) - 500 O. as was to be shown. 

Evaluate: The resistance is “transformed". A load of resistance R connected to the secondary* draws the saire 
power as a resistance (iV,/iV%)*i? connected directly to the supply line, without using the transforms. 
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31.38. 


31.39. 


31.40. 


31.41. 


31.42. 


Identify: p m =17 and = P„ 2 . —=—. 

iVj Vs 

Setup: K, =120V. K,= 13,000V. 

_ a Ns Vs 13.000 V tiWi 

Execute: (a) — - —-- los 


|V, V x 120 V 

(b) K = K/ : -(13.000 VX8.50x 10 ‘ A) = II0W 

(c) /,Zk = il^-0.9.7A 

1 \\ 120 V 

Evaluate: Since the power supplied to the primary must equal the power delivered by the secondary, in a tfep- 
up transformer the current in the primary is greater than the current m the secondary. 

y 

IDENTIFY: A transformer transforms \oltages according to — - - - The effective resistance of a secondin' 

V\ .V, 

R V 3 

. Rcsistaixc R is related to P ti and Uby P~ ——. Conservation of energy 

R 


circuit of resistance R is R . 


requires /* r l = P m : so VJ l = V : / 2 . 

SET UP: Let V t = 240 V and \\ - 120 V. so = 1600 W. These vohages arc rms. 

EXECUTE: (a) V - 240 V and we want V l = 120 V. so use a step down transformer with N } /N j - 4- 

!b,P A. 


V* (120 V) 


- 9.00 il flic ctTectivc resistance of the blower is 


(c| The resistance R ot the blower is R — 

P 1600 W 

* 6.0 0 . 

" (i.'2r 

EVALUATE: !J\ = (13.3 AJ<120 V)= 1600 W. Energy is provided to the primary at the same rate that it is 
consumed in th: secondary. Step down transformers step up resistance and the current in the primary is less than 
the current in the scccoiduy. 

IDIMUY: 7 - JR : *<X, - A’, ) 1 , with X, - ml and X, - —- 

SET Up: The woofer lias a R and L in series and the tweeter has a R and C in series. 

Execute: (a) _ - JFTtifZcF 

|h> 

(c> If Z h . = Z . . then th: current splits evenly through each branch. 


(d) At the crossover point, where currents arc cquil. R‘ *f (l fasC 3 1 = R' r (mX.)'. —JTc ani * 

n> 1 
' ’ 2.T yjLC' 

Evaluate: The crossover frequency corresponds to the resonance frequency of a R*C»L circuit, since the 
crossover frequerxy rs where X t - X t . 

IDENTIFY and SET Up: Use Eq.(3l .24) to relate /. and R to The voltage across the coil Vrads the cuncm in n 

by 52.3°, so * = +52.3*. 

Execute: tanb - But there is no capacitance in the circuit so X\ - 0. Thus tan^ - — and X. - 

R R 

R tan4 = (48.00) tan523° = 62.1 Cl X, - toL - 2*/ L so L - 62,1 ° -0.124 11. 

' 2a f 2.7(800 Hz) 

Evaluate: ** > 45° when {X L -x,)> /?. which is the case here. 

iDENim: Z=j/r+a\-x,y. K- -/-.«■ r ri ..‘L.x c - K., = 

SETUP: =-L.2££jL = 2l3V. 
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31.43. 


31.44. 


31.45. 


Execute: (a) ta - 200 rad.'*, no X, -toL^ 1200 rad VK0.4OJ I i i - 80.0 Q and 


•V, - 


--!-*»n z = ./coo nr (ko.o n - 83} nr - 779 a 

ittC <200 rad'sX<>>OOxlO F) 1 


- — - I__i =0.0272 A. 1’ reads V Km . - l„,R =<0.0272 AX 200 11) = 5.44 V. V, renik 


/..A; =10.0272 A*S0.°n) = 2.1K V’. 1' reads = /._.V, =<0.0272 AXS33 12) = 22.7 V. V t reads 
=| K, |2.I8 V-22-7 V| = 20.5 V. 1', reals =21.2 V. 


|b) at = lOCO rad s so X. -atL- )5)<H0.011) = 400 li and X, - —. - 167 11 


/ - Ji 2 oo m ; . <4w 12 -167 m' = 307 n 


21.2 V 


- 0.0691 A. r, reads V, = I3.S V. reads 


V t m -27.6 V. reads V ( ,=11.5 V. reads f ',,_|= |27.6 V-l 1.5 V|= 16.1 V. !' readi 
y^ = 2l2 V. 

EVALUATE: The resonance frequency for Ihix circuit is to* - 


(AS nd’jw 2(X» rad s is lew than the 


resonance frequency and A' ( > A' x . 101X1 rad’s is greater than th: resonance frequency and X x >X ( . 
iDEVIltT and Set L 7 P: The rectified cunent equils the absolute value of the current j. Iivaluate the integral 
specified in the problem 

Execute: (a) from Fig.31.3b. the rectify current it zero at the same values off for which the sinuittidal 
current is zero. At these t. cotwr - 0 and rut - ±x/2, ±3x/2. The two smallest positive times arc 


(h> .4-11 Hi, 


I 


/cosai tdt - -J —sinmf 

I O) 


(liiuw. -sinat.) 


sin«r, - tin[<w(x/ 2 fl>)l - siitfx 2 ) = 1 


^-i — lo-c-i))-— 

(tt 


I 


<«>/»<*-«-*//• 

/ B -—- -—- —. which is Eq.(3l.3). 

|> <»(3x/2a*-x/2ai) x 

Evaluate: Wc have shown that I!qX3Ul it correct. The average rectified current is lew than the cunent 
amplitude /. since the rectified current varies between 0 and /. The average of the current k zero, since it hat both 
positive and negative values. 

IDIMIFY: X L -&L /;^U»cW 
SETUP: / = 12011* to — 2x f. 


Execute: (a) X. - toL => L ■- —-0.332 fi 


*i 250 n 
““ 2 . 7112011 /) 


|b) 7 = . A',- = ^| 40012)' -(25012)’ =472 12 cosf) = £ and /,„ = !lL. =Ii£. so 


r -Z =(47212) -- 

R V 40012 


= 668 V. 


Evaluate: I ,..-- ^ V -1.415 A. Wc can calculate P„ as /;„* =<1.415 An 40012) - 800 W. which 


checks. 

<a) IDF.MIFV and SET IIP: Source voltage lags cumM so il must be thai X, > X, and wc must odd an inductor 
in series with the circuit When X < - X. the power factor has its maximum value of unity, so calculate the 
additional/. nreded to raise X i to equal X c . 
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(b) Execute: power factor cos# equals I so p -0 and X < - X t . Calculate the present value of X, -X L to 
sec how much more X. is needed: R - /cos# - ( 60.0 OH0.720)-43-2 Cl 

tan# - ■ —soAT 4 - - R Ian# 

cos# - 0.720 give* # - -43.95° (# is negative since the voltage lags the current) 

Then X k -X t -tftan#M43.2 0ttan(-43.95=) --41.640. 

There fo re need to add 41.64 O of A \. 

Xj -aiX. = 2jt/L and L - ^ / t - 0.133 11, amount of inductance to add. 

EVALUATE: From the infonnatxm given we can't calculate tlx original value of 1 in the circuit. Just how much 
to add. When this L is added tlx current in the circuit will itxrcasc. 

IDENTIFY: Xhc V -/ / to calculate Z and tlxn find R. /* -/' R 


41.64 £2 


). 133 II. amount of inductance to add. 


SET UP: X - 50.0 O 


Exec in: 


, 240 V 

—TTRTX 


-so.on - Jr- . x; - -• (so.o n) ! . Thuss 


R - yj\ 80.00)' -(50.0 ny - 62.4 a The average power supplied to this circuit is equal to the pavver dissipated 
by the resistor, which is P ^ I^R - (3.00 A)*’(62.4 O) = 562 W. 

EVALUATE: .an*i ~ V| - ~ 5 "" “ and * ^-38.7°. 

X 62.4 n 

P. - r i ./„cc»^ = (240 VH3.00 A1 c<w)- 38.7 , ‘>- 562 W, which check*. 

IDENTIFY: The voltage and current amplitudes are the nuximum values of these quantities, not necessarily the 
instantaneous valuer 

SET UP: The voltage amplitudes are V A - Rl, F. - XJ % and Y : - XJ, wine 1 - V/Z and 

Execute: (a) to - 2 af- 2x( 1250 I I/I - 7854 rad's. Carrying extra figures xn the cafculator gives X k - nil - 
(7854 rad sK3.50 mill - 27.5 fl: X c - 1/ruC- 1^7854 radsK 10.0//F)] - 12.7 a 

Z = y}R : +(X\-X t . )* - ^(50.0 Of *<27.5 0-12.7 O)* - 52.1 a 
\ - V/Z - (60.0 VV<52.1 a - 1.15 A: V 9 - Rl - <50.0 OM 1.15 A) - 57.5 V; 

Vi - Al/-<27.50X1.15 A>-31.6 V; V c -•£•/-<12.7 QXI.I5 A)- 14.7 V. 

The voltage amplitude* can add to mt*c tlian 60.0 V because tlicsc voltages do not all occur at tlx same instant of 
lime. At any instant, tlx instantaixous voltages all add to 60.0 V. 

(b) All of them will change because they all depend on <u A* - «L will dixiblc to 55.0 CL and X ( - VtuC will 
decrease by half to 6.35 ft. Therefore Z = % /<50.0 O) 2 *(55.0 0-6.35 ft) 2 - 69.8 ft; / - V/Z - (60.0 V> (69.8 O) - 
0.860 A: V t - IR - <0.S60 AK50.0 ft) - 43.0 V; 

Vt - IXl - (0.860 AX55.0 ft) - 47.3 V; V c - IX< - (0.860 AK6.35 ft) - 5.47 V. 

Evaluate: The new amplitudes in part (b) are not simple multiples of the values in part (a) because the 
iinpcdincc and reactances arc not all the same simple multiple of the angular frequency. 


Identify and Set Up: 


V. X L m&L 


Execute: <j) -i- - o\L and LC - —. At angular frequency —- ™J_ — - 4. 

M t C *X " ‘ X t VttKC tfX 

X. > X. , 


(b> At angular frequency to l% —— ~ - — 

X( 3 


X e >x x . 


Evaluate: When ftp increase*. X. increases and A* decreases. When to decreases. A*, decreases and X 


increases. 


(c) The resonance angular frequency to,, is tlx value of to for which X, - A'., so to. - to,. 
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31.49. 


31.50. 


31.51. 


|DEVY1F\ and SET Up: li.\pre« / and / in terms of ai, 1. C and R. The voltages across the resisted and th: 
inductor arc 90° out of phase, so = Jl'j + I'/. 


CXICITE: The circuit is sketched in Figure 31.49. 


- <ol. X, - —— 


£ 


71 




I- . JT * \aL- 


- 

L 


o)C 


fU* U>L- 


n 


figure 31.49 


- iW+x [- iJFTITF - r 


Ktor/: 


<uC 


^ J 

ft* small 


As ft? gets small, /?* + ft?/.-—!— -» ■ * ■ ,R~ +to'I.‘ —> 

<v*C 


rhcceflOK 


v large 




- as ft? becomes small. 


As ft? gets large. R 1 1 j ml - — J -> ** + <»*£* -Wl\ /?**«*£* -W// 

rhmfOK 'T~ t $F B 


fj becomes large 


Evaluate: t\\ ->0as w becomes small, so tlvre is ^ only when the frequency ft? of V % is large. If the 

source voltage contains a number of frequency components. onh’ the high frequency orxs are passed bv this filter. 


iDEMin: V - V - IX . 1-ViZ 


Setup: X.^mL, X .- 

coC 

Execute: v„ -v, ^-L.^L± -!- 

r . n>t' ^R' - («/. -\jcoC)' 

... . . Ku I I 1 

It ft? is laik-c:-- - --. 

*’• lot' Jff • .(io/.-l,'<oC| : acMfoL) 


If ft? is Mtull 


mC 

T 


Evaluate: When ft? is large, X c is simll and .V.. is large so Z is large and the current is snull Both factors in 
V c * /.V, are small. Whm ay is small. X c is large and the voltage amplitude across the capucitce is much larger 
than the voltage amplitudes across the resisted and the induclor. 
iDEvnrv: I -VIZ and /■„ -il’R. 

Set Up: 7 . = JR‘ .(mt -VtaC)' 


'■■' 4 - 


Jr : +{ML-l!(tiCy 


Execute: 
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31.52. 


- R - '-Jill - 

2 2\Z) R’tfaL-lfwCY 

(c) Tlic average power and the current amplitude arc both greatest when the denominator is smallest. which occurc 

for alL --. so <u - 

ftt.C * JLC 




(100vy(200n)>’2 


ZSat 


(2000)' -»M2.00H)-1/|m(OJ«:x 10 * F)j)* 40.000m 1 .(2c< ; -2 000.0001 



Tlic graph of tvnus 01 is sketched in Figure 31.51. 

Evaluate: Note that as the angular frequctxy goes to zero, the power and current are zero, just as they arc 
when the angular frequency goes to infinity. This graph exhibits the same strongly praked nature as the light 
purple curse xn Figure 31.19 in the textbook. 

farar 

<*o 

ooraoo 


aoccow 


>Nnc»Ur 

frcx^Mity 


Figure 3151 


iDLVim: 


K = IvL and F . 
‘ 1 uC 


Si:r UP: Problem 31.51 shows that / 


Execute: (a) V. - IwL - 


no v - — - — 
1 aC aCZ 


JR 1 1 (toL - l^zuClr 

__ 

Jr- ^ - 1 .i«c] f 


(c) Tlie graphs are given in Figure 31.52. 

EVALUATE: (di When th: angular frequency is zero, th: inductor has zero voltage while the capacitor has 
voltage of 100 V (equal to the total source voltage). At very high frequencies, the capacitor voltage goes to zero.. 

1 

~7TF 


while the inductor's voltage uocs to 100 V. At resistance. 


- 1000 null's, the two voltages arc equal, and 


arc a maximum. 1000 V. 



Figure 31.52 




31.53. I DEMI W: V 


31.54. 


\l 


l u 


31-17 


SET Up: Let <x) denote the average value of the quantity x. (j : > -i/ : and <*£) = ^. Problem 31.51 .shows 
that / —-1- Problem 31.52 shows that V ■- -,-i- 

Jr 1 + (ml - i.'ioc])' a>cjr : + f a>l -i/(aiC])* 


Execute: <*)(/. 


=><".>-u{. J >=* u (j 
^ =ic(4) -if'v 


(b> Using Problem 31.51a 




K 1 


LV‘ 

I 1 I-** 

Unng Problem 131.47b): /L' \-±CT '-V- ■- 

' ’ * * rye’i# I i.'l I I S,,< 


Jr* +{n>L-\iacy 




\o)l - Mwcy | 4oj j C| R : +(<oL -1 faCf 


(cl Tlic graphs of the magnetic and clcctrx energies an: given in Figure 31.53. 

EVALUATE: (d| When the angular frequency is zero. the imgnctic energy stored in tlic inductor is zero, while the 
clcctrx energy in the capacitc* is U - CT*/4. As the frequency goes to infinity, the energy noted in bath 


inductor and capacitor go to zero. The energies equal each other at the resonant frequency where ft*, —■ and 

oLC* 


u A *u £ 


LV 


4Jf 

MjvreiL ciicsg, <J> 


EkOlfC (tOt) i J> 




Angular 
frequency 

(nd/s) 

Figure 31-53 

Iw.Mih: At am* instant of time tlic same rules apply to the parallel ac circuit as to parallel dc circuit: the 
voltages arc the same and the currents add. 

SET UP: For a resistor the current and voltage in phase. For an inductor the voltage leads the current by 90" and 
for a cupicitor the voltage lags the current by 90°. 

EXECUTE: (a) The parallel L-R-C circuit must have equal potential drops over the eapicitor. inductor and 
resistor, so v M -- v. Also, the sum of currents entering any junction must equal the current leaving the 
junction Therefore, the sum of tb: currents in the branches must equal the current through the 
source: i - r* ♦ j x -t j<. 

(Hi i A - 2- is always in phase with the voltage, r^ - -2— lag* the voltage by 90°. and j - vtaC leads the voltage 
by 90^. Tie phase diagram is sketched in Figure 31.54. 

<c) From the diagram. / J = I* + (! c - i L )* -1 L | t-1 VraC - — | . 


(dl From part (c): / - 1* j— -t taC - — | . But / - —. so — 

<qL 



aC- 
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31.55. 


31.56. 


31.57. 


EVALUATE: Fee large », 7. -•* —- The current in tlx capacitor branch is much larger than the current in the 
other branches. For smill to, Z -+ toL. The current in the inductive branch is much larger than tlx current in the 
other branches. 



iDLMltY: Apply the expression for / fn>m problem 31.54 when to -1 f^jLC. 
SET L’P: From Problem 31.54, / - V^L 


it 

7lc 


wC- 




Execute: (a) At rescoiancc. to. ■ tof' -F<v C --/. %o / - /. and / is a minimum. 

e^L to.L 


y * Y' 

|b) P" - — cos $ -at resonance where R < Z so power is a maximum. 

/ R 

(c) At to -to i% I and 1'irc in phase, so the phase angle is zero, which is the same as a senes resonance. 

EVALUATE: (d| The parallel circuit is sketclxd in Figure 3155. At resonance. |? ( | - |i A | and at any instant of time 
tlxse two currents are in opposite directions. Therefore. the net cumrnt between a and b is always zero. 

(c) If the inductor and capacitor each have some resistance, and these resistances aren't the sime. tlxn it is no 
longer true that i t +/ L - 0 and the statement m part (d> isn't valid. 


□ 


Fizurc 3135 


Idem itY: Refer to the results and the phasor diagram in ProbVrm 3134. The source voltage is applied arross 
each parallel branch. 

SKI L’P: v -j2V, m =311 V 

EXKCHE: <») '.TS i071 ^ 

(li> I, = r«uC-(3IIV)(360nid/»){6.00xl(r‘F)=0.672A. 


(r> 6 - arcunfy- |- 


0.672 A 

arclan - 

0.778 A 


<d> / - ^/* t- /* - 0.778 A)' % r (0.672 A)* -1.03 A. 
(t) Leads since ^ > 0. 


Evaluate: The phasor diagram shows that the current in the capicitor always leads the source voltage. 
IDEMIEY and Set l.>: Refer to the results and the phasor diagram m Problem 31.54. The source voltage is 
applied across each paralV:) branch. 

Execute: <a) /, - —: A ^ VcjC; /. - — 

R coL 

<l>) The graph of each current versus & is given in Figure 31.57a. 

(c) to -f 0: ! c ->0: J x -> x. to ->vy. I c -> w, J x ->0. 

At low frequencies, the current is not changing much so tlx inductor's back*cmf doesn't “resist." This allows tlx 
current to pass fairly freely. Howcser the current in the capacitor goes to zero because it tends to “fill up" over the 
slow period, making it less etYcctivc at passing charge. At high frequency, the induced cmf in the inductor resists 
tlx violent changes and passes little current. The capacitor ixver gets a chaixe to fill up so passes charge freely. 
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31.5*. 


31.59. 


(d) m- .. i - .--- 

<JLC ij(2.0 HMO.SOxlO ‘ F> 

Figure 31.57b. 


- 1ID) rad/see and / -159II/. The phasor diagram is sketched in 


/. fj"T 

yt200 n, 


- (100VK1000!( 80.50*10* F)- 


100 V 


(1000 s M2.0 III 


0.50 A 


10 Al resonance f x — /<- — I'tvC — (100 VX1OOO * *X0.50xl0 A F) = 0.0500 A and f A = L ^ - 0.50 A. 

R 200 fi 

EVALUATE: At resonance i t - j t - 0 at all tinxs and the current thnmgh the source equals the current through the 
resisted. 

/<Ai 




1 -- 




-- 







\ 

^ 


« 1 ' 1 ■ 1 

s 




I tXl 


?(*■ 


4<ri 


6«> 




iff 




w 



Figure 31 £7 

iDEVirn: The average power defends on the phase angle ffc 

Ski Up: The average power in P„ - 1'^L.cu ft and Ihe impedance In Z - ,|ff : «| tvL - — 

EXECUTE: (a) P. - JWn.00* ft- - which give* cos ft- i. no ft- *& -60 5 . Ian <*-<*, -XcV*. 

which gives lan 60° - (aft - I ItrCyR. Using R - 75.0 i XL- 5.00 mil. and C - 2.50/jF and solving tin n»we gel 
«- 2876 0 rad's - 28,800 ra d's. 

(h) Z - yjR : - .V, )•'. where X,. - eft - (28.760 rai*(5.0(> mil) - 144 li and 

Xc- I ieC- 1.1(28.760 rad nM2.50 w F)|- 1J.9Q. giving Z-^(75 III' -(144 11-13.9 nr' - ISOii: 

/ -y/Z- (15.0 VVdSOnt- 0.100 A and /*„ - i I’/CON ft- 4 (15.0 V'KO.IOO AXl'2) - 0.375 W. 

EVALUATE: All this power rs dissipated in the resistor because the average power delivered to the inductor and 
capacitor is zero. 

Identity: We know R. x c and d Eq^3l.24) tells us X L . Use from Exercise 31.27 tocalcubte 

/.„. Then calculate / and use Eq.(3l.26) to calculate V mmt for the source. 

SET UP: Source voltage lags current so d - -54.0°. A> = 350 i\ R - 180 tl = 140 W 

X - X 

Execute: u> tand —;—— 


X. -R tand-A'< - (ISO n>tan(-54.0 c )+ 350 O - -248 n + 350 Q - 102 Q 


ii/ iiiq iy 

(b) /; = r„/„ con ft = (ExercBe .1 1.27). - /-S. - |- . O.S82 A 

Y R I I SO O 

(c) X ^ yjp TiX^X~7 » 4(1 *0 Cl) 3 ♦ (102 n-350 O) 3 - 306 li 
F b< - / JX ^ (0.882 AX306 O) - 270 V. 

Evaluate: We could also use Eq.(31.31): P t . ^ cos** 

140 W 


r - * 


cosp |l).SH2 A|c<Ht(-54.0 ) 

A', > A'., and this agrees with what we found. 


- .0 >, whkrh agrees. The source voltage lacs the current when 







3l-2t 


31.60. iDEVnn and SET un Calculate Z and 1-1:7. 

Execute: (a) For to - SOO nd/s: 

Z - J**’ r - ^<500 nr ♦ UKOO rad s*2 0 ll)-l/<(800 rad s)(5.0* it) 1 F)»*. Z-10300 

/ -L- 1 n \ -0.0971 A. \\ -}R - 10.0971 AW500 il) - 48.6 V, V - — - - 1A -^243V 

Z 10300 ftic (SOOrad 4*5.0x10 Ft 

and \\ ^ /nrf. -(0.0971 AXS00rad/s*2.00H>^ 155 V. ^ _ arctanf — 1 1 - -60.9°. The graph »>fcach 


|b) Repeating exactly the same calculation* as above fee » - 1000 rad's: 

Z - R - 500 O; *> - 0; / - 0.200 A: V A - V - ICO V; F; ^ Y\ - 400 V. The graph of c*:h voltage versus time is 


given in Figure 31.60b. 

(c> Repeating exactly the same calculated* as part (a) for to 
7-R- 10300: p^ i*0.9*; / -0.0971 A; V t - 4S.6V; V K 
versus time is given in Figure 31.60:. 

Evaluate: The resonance frequency is <v -—-!- ; — 


angle is negative and fee to > to, the phase angle is positive 
\Uuuc(Vi 


Time is) 


Figure 31.61) 




Alternating Current 31-21 


31.61. 


31.62. 


31.63. 


iDF.Nim and SET l>: liq 131.19) allows ut tocalcuhtc / and then l:q.<31.22) gives Z Solve Eq.(3l.2l) far 

Execute: (a) v K - IX, so / - — - —I— - 0.750 A 
c .v, 4so a 

V 120 V 

(b) V * IZ soZ-160 n 

/ 0.750 A 

(O z’.k-.j.v, 

•V, - X< -iJz'-R 1 . so 

.v. --V, t -Jz'-r- -4son i^(160in’-(so.om‘ ^4son « 139 n 
X,. =6191J or 3410 

Ul) Evaluate: x t -L and x t - « >1. Al rrvonarcc. \\ - X t . As the frequency is lowered below the 

resonance frequency .V, increases and X t decreases. Therefore, for <v< < X c . So for X L -341 fl the 

angular frequency is less than the rcsceiancc angular frequency, to is greater than ^ when X i -619 O. But at 
these two valixs of A' a , th: magnitude of X\ - X t is th: same so Z and /are the sanx. In one ease ( X x - 691 fit 
tlic source voltage leads the current and in the other (X L = 341 f2) tlx source voltage lags the current. 

I Lit. v I it v and SKI UH The maximum possible current amplitude occurs at the resonance angular frequency 
because th: impedance is then smallest. 

Execute: (a) At the resonance angular frequency to, -1 the current is a maximum and Z — R % giving 

1,** - Yt If. At the required frequency. / - /„»o’3. / - VfZ - / IMV '3 -IV/Ky 3, which means that Z- 3 R. Squaring 
gives R* ♦ [at I taOf - 9 if . Solving for ogives 3.192 x I0 5 rads and <u- 8.35 x JO 4 rad s. 

(b> V - v2»* - ^2(35.0 V) - 49.5 V. / - — - — ‘ 0.132 A 

*“ 3 3 R 3<125H> 

For to ^8.35 x 10* rads: R - 125 Cl and V k - JR - 165 £2: X ( =toL^ 125 £2 and Y x = 16.5 V; 

X c --L-- 479 Q and \\ ^63.2 V. 

For to ^ 3.192x 10* rad s: R = 125 Cl and V M * /R = 16.5 £2: X\ - toL ^ 479 £2 and V t - 63.2 V; 

A', ^ 125 Cl and V ( ^ 16.5 V. 

EVALUATE: Far the lower frequency. X c > X t and V c > Y\. For the higher frequency. A\ > X c an:! V t > V c . 
IDENTIFY and SET Up: Consider the cyvlc of the repeating current that lies between f. - r/2 and /, - 3r/2. In 


[his interval / - — V - r). j ' idi and //„ - —J /'u! 

. I r». I f ,r,, 2/ l . 

TE: / »-I id/-- -If- 

" s.-t h rJ'* r 


EXEC I TL 


r 2 i 


l a 


2/*Y 9r* 3r2 

r-' il 8 " 2 ' 

fij-w 

-12-1 + 4) 



dt 



17 

$ 

6 







EVALUATE: In each cycle the current has as much negative value as positive value and its average is zero, f 2 i* 
always positive and its average is not zero. The relation between /,^ and th: current amplitude for this current is 
different from that fora smusoodal current |Eq.31.4). 
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31.64. 


31.65. 


31.66. 


31.67. 


iDiMin: Apply V a =l na Z 


SKI L p: ai. --J—arvd Z = ^R : ~IX,-X, )'. 


ExiriTE: (a) at, - 


*786 rad / 


Vic J(|.80ll)(9.a0xl0 F> 

(b) Z - y]R’ +(atL-lf<aCl‘. 7. - ^30On>'»I(7S6 rad/'Hl.SO ll)-l/((786 rad/*»900xl0 F>»' - 3000. 

I 


I~,i^_.0.200A. 

z 3 qo n 


(c> We warn / - i• 

« 

L." 

it 

ji 

ii 

R ! ♦ (nil 

-i/«o*.f5a 

z JK*+(*L-Ifacy 


p 1 ! 1 , 1 , - - P - . 

^ «« _ Q l/y* /* - A . 1 1 

r'-'zL- 


UF c 


c 

1 

cJr- 


Substituting in the values for this problem Hie equation become*(n»’)’(3.24) ♦ ta‘(- 427 x I0‘>* 1.23x 10'*' - 0. 
Solving thn quadratic equation in at’ we find at 1 - 8.90x10' rad'/-'' or 4.28x10' rad's' and 
n» = 943 rad / * oi 654 rad /*. 

<d><ii R = 3000. 0.200 A. |o\-a»| - 289 tad/s. <ii)K - 300. f M = 2A. |oi, - a» | • 28 rnd/i 

(iii) R = 3tl = 20 A. [v-, -w.|=2.88 rad s 

Evaluate: The width gets smaller as R gets smaller: /. wl gets larger as R gets smaller. 

IDENTIFY: The resonance frequeixy. the reactances, and tlie impedance all depend iwi the values of the circuit 
elements. 

SET L’P: The resonance frequency is <u t - 1/ JLC* the reactances are X\ — col. and X c - 1/ftC. and the impedance 

i * z = Jr‘* IX,-X,r. 


Execute: (a) -VJlC become* 


TTTTTi 


1 1 2 . so fit decreases by t. 


(10 Since \\ - coL. if L is doubled. X t increases by a factor of 2. 
(c) Since Xc " \taC, doubling C decreases X, by a factor of i. 


<d» / - ^R s +{X k - X t y -> X - yjiZRr+ilXt-lXtY. so X docs not change by a simple factor of 2 or y. 
Evaluate: The impedance docs not change by a simple factor, even though the other quantities do. 

V jV 

IDENTIFY: A transformer transforms voltages according to —:-The effective resistance of a scconduy 

K .V, 


circuit of resistance R is R. - ■ 

ova \> 

SET Lp: JV a = 275 and »; =• 25.0 V. 

Execute: (a) K ^ K l <y i /.V,) = (25.0 V)(834/275>^75.8 V 


\b\ R . - 


- -13.6 fl 


R 125 O 

(X.lXy ~ IK34.275)* 

Evaluate: The voltage across the secondary is greater thin the voltage across the primary since A\ > A 1 ,. The 
effective load resistance of the secondary is lew than the resistance R connected across the secondary. 


IDENTIFY: The resonance angular frequency is ex - —r— and the resonance frequency is f. - — 

JLC 2>t 


Set Up: h> v is independent of R 

EXECUTE: (a) » (1 (or / 4 .) depends only on L and C so change these quantitars. 

To double cs \.. decrease l and Cby multiplying each of them by L. 

EVALUATE: Increasing L and C decreases the resonance frequency; decreasing L and (* increases the resonance 


IDENTIFY: At resonance. 7.-R I - V/R. V, - IR. V, = IX, and V. - IX,. U f and U, -~U\ 

SET L t P: The amplitudes of each time dependent quantity correspond to the maximum values of those quantities. 


31.68. 
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31.69. 


31.70. 


Execute: (a) / -- - - At resonance mL - — and / >-4 . 

z Jr 1 +{ol-i/*c) R 


ib>»; -ix\ 


• L 


ftu.C « ^ C 


' 2 2 if- 

EVALUATE: At resonance - r. and the maximum energy stored in the inductor equals the maximum energy 
stored in the capacitor. 

Identify: l = Y.R. r,-«. V, =J V, and I’.-/A'.. L.-iCK, 1 and </ ( =££/*. 

SET L’P: The amplitudes of each time dependent quantity correspond to the maximum values of those quantities. 

Execute: - —. 


w, -r 


R 1 +( 2±-2/a>,C 

2 


f? t- 

4 C 


ib) >: - a; - 


- c 


:: 






«i- 9 ** 

R -f- 

4 C 


K «’2 


£ W’£ 

4 C 


4 C 

EVALL ATE: For 09 < V c > V. and the maximum energy stored in tlie capacitor rs greater than tlic maximum 
energy stored in the inductor. 

IDENTIFY: ! = V)R. V, - IR. V, - IX, and Y, - IX,. U, - ~CY; and V, =tW. 

SET L’P: The amplitudes of each time dependent quantity correspond to the maximum values of those quantities. 
Execute: a> = 2av 

w, -7‘ 


ib>i 



V 

V 

<JR~' (2u,L - l/2fl*C) 

_ 1 •’ ,, r i 

V 4 C 

: r /2 

M.c 



_ 2 rui.- 

V 4 C 

. r , F 

V 4C 

2 r 

> f 

L Vr 



i ( 


$ ( 


«> Ut - 


lv 1 


^ 9 L 

*' r AC 
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2h.lL 

V 4 C 


EVALUATE: l*or » >»,, K t > J' and the maximum energy stewed in the inductor ix greater thin the maximum 
energy stored in the capacitor. 

31.71. IDENTIFY ami SET L>: Axsunv the angular frequency cy of the source and the resistance R of the resisted are 
known. 

Execute: Ccemcct the source. capacitor, resistor. and itxluclor in xcriex. Measure \\ and \\ —^- 

1^ IR R 

and L can hr calculated. 

Evaluate: There are a number of other approarhes. The frequency could be varied until K - V L . and then this 
frequency ix equal to I/JIC. Iff* ix known, then L can he calculated. 

.11.72. iDEMItY: P M = ca%+ uml - '-j- Calculate Z. R - Zcm$. 

St:r L'P: f - 50.0 11/ and ot-laf. The power factor bt c<«<*. 

Execute: He* 

/ P.. <220 W) 

It = Zcn*4 - <36.7 0||0_560) = 20.6 U 

<b> Z = JR' - A'/ .V. ~jz l -R- = ^<36.70>* -(20.60)‘ -30.4tl But ^ = 0bat resonance, so the indixtivc 
and capacitive reactances equal each other. Therefore we need to add X t - 30.4 fi. X t - -—-therefore gives 

C = —- 1 -- 1 - 1.05x10* F. 

o>X, 2^/A', 2,t<50.0 11/1130.401 

V' <120 V) f 

<c) At roaancc. P -609 W. 

' It 20.61J 

EVALUATE: - /^/? and i m ^ is maximum at resonance, so the power drawn from the line ix maximum at 

resonance. 

31.73. IDENTITY: p A -i : R. / t -rL—. 

Jr C 

Set Up: j - /cosa* 

EXECITE: (a) p, = l 1 * - /■' co*'(a*)A - I'/lW<o») - i(’,/(l-rco»<2«r|). 

= j\\ P& - ^7£ (1 +«*- ^|rfi - ±iy. 

<l»> /\-Li—--iu/./‘coHMrtsin(*^)--i^/xint2^». But f sm|2<uf)»* - 0r>/;.</-)-0. 
rf/ ,c ' 

(c) p, -li- i;-i -I'./tinKuOcatCM) = AK r /rin(2ar). But j‘ miU2«hI*-Ozj PJCl - 0. 

<d» p-p,. P, . p,- y,l ct»’<<ui )-^VJ an(2a»)/sin|2av) and 

(' p — y 

p - /cos<AArXl , Vcos<Atf)-r j> sin<Mr)4-^ siitfnif)) But cox^--f and sintf - ■ ^ so 
p - 17 coxt<uf >|cos£cos</-a»> - sin^siniraw'll, at any instant of tin*:. 

Evaluate: At an instant of time the ecvrgy stored in the capacitor and inductor can be chancing, but there k no 
net consumption of electrical energy in these components. 

31.74. IDENTIFY: V - JX. Hi- 0 at the <u where V is a maximum V - IX . lL- -0 at the <v where V is a 

dto d<ei 

maximum 


S»:r L'P: Problem 31.51 shows that / 


r -+(<»/.-i/wcy 


Execute: (a) V k -maximum when V c - I' 
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(b) \\ -maximum when —-O.Tbereforc: - 0 - ■■■ . 

d(» dto d(o\ I#' -* (ai/1 -1 aCy 


VL 






I 2L 1 1 K'C 1 , I 

it -t - . ... - . . —- - IX --and n> - , 

«-r- c «-‘c" «• 2 N .’/.c He . : 

(c> f' -maximum when ^-0. Therefcee: —— -0- 


aCyjR' T(&L-\}6)Cr J 

0 - _*_ ((/■-l/WrH/.-’l.'WQ R' r^L-lfaC) 1 --nr’q 1 -I .VC*). 

<0 : <\iK : » hW. - I .XV C( *’ -<*>£-. .«.(• r)'- 

R : -*aTl 1 - — - -o'l' and ei - ,1-!-—. 

C \LC 2L 

R'+Jl}- — * 
c 

EVALUATE: V. i* maximum at a frequency greater than the resonance frequency and X c is a maximum at a 
frequency less than the resonance frequency. These frequencies depend on R . as well as on /. and cm C 
31.75. iDEN im: Follow the steps specified in the problem. 

SET UP: In part (at use I:q.<31.23> to calculate / and then / - VfZ. $ is given by Eq.(31.24). In part (b) fcl 

Za/f + iAT. 


EXEC 1 TE: (a) From the current phasor* we know that Z - JR S + (afL -IfcuCy 


^“.1,4000) -r| (lOOOrad/tKO.SOIl)-————t—I -50011 

/,£_^_0.400A. 
z 500 n 

(.„ * - 1KUn - +-anrUnl noOO^O.^H) .QH/,.000 ^,,1.25-10 > r. l 

R 40012 


;o / / l:: -> .■ . n«»i i...: --- 

*•* ( oC) •’ t (.000 rad, ^1(1.25.10" Fi 

2-,/l400l2)-'.-<-30012|' - 50012. 

(d,/ ,J-_200V_ jt+6, 

(400 - 300012 V 25 

^,1^0.75^.36^ 

Rc,/.„) S f 25 

10 ; - -~rr~ I<40012) -<I28-96I)V. 


-40012-300121. 


A ^ (0.320 A)»(0.240 A|< / -.|| L-ll I _ 0.400 A 


- //.„«/. -r 


1 25 
25 


; 11000 rad/sM0.500 H)-(-l20+I6Qi) V. 


r _— 

’ mC V 25 (lOOOrad.'iMIJSxKrF) 


—-^(*-I02-25Ai| V 


(S) •* V { ^ - (12S . 961) V (-120 ^ IMi>V +(192 - 256/) V - 200 V. 

Evaluate: Both approaches yield tfo: same value for / and for 




Electromagnetic W aves 



*2.1. IDENTIFY: Since Ihc speed is constant. distance x - ct. 

SETUP: The speed of light is c-3.00x10* m's lyr-3.1S6xl0 s. 

_ x 3.84x10*111 1<1Jt 

Execute: (a) / -- ■- L2*s 

c 3.00x10* ms 

<b> .r -<Y -(3.00x10* msXS.61 yr)(3.l$6xI0 : S^r)a8.l5xl0‘ m-&.\5x\0 l ‘ km 

Evaluate: The speed of light is very ureal. Tlx distance between stars is very large compared to terrestrial 
distarxes. 

*2.2. IDENTIFY: Since the speed is constant the difference m distance is c&J. 

SET Up: The specs! ofclcctromagrxhc waves in air is c - 3.00x 10' m s. 

EXECUTE: A total time ditVcrencc of 0.60 corresponds to a difference in distance of 
c&i -(3.00x 10* m sX0.60x|O v * s)= 1*0 m 

EVALUATE: The time delay doesn’t depend on the distance from the transmitter to the receiver, it just depends on 
the di (Terence in the length of the tw o paths. 

*2.3. IDENTIFY: Apply c - f X. 

SETUP: 3.00x 10* ms 

. c 3.0x10* m's 


EXECUTE: (a)^ - — - 
A 


5.0x10 II/. 


StXM> m 


|b > /-l- 30xl0 ' m '' t - 60 . 10 -|lr. 

X 5.0m 

/ .£->0-IQ ,| n/^ 6O „ 0 ,. Ht . 

X 5.0-10 m 

UK y -l- 10 ' 1 " 6.0-10" 1U. 

X 5.0x10 m 

EVALUATE: /incrcuesnhcn X decreases. 
iDLMlfY: <•- t'X and k - — 


SETUP: c = 3.00x1 O'mi. 


EXECUTE: (a) /*1. UVA: 7.50x10“ 11/ to 9.38x10“ lIz.UVD: 9.3*xl0“ 11/ to 1.07x10*' II/. 


<b>*- — UVA: 1.57x10 rad m to 1.96x10 radm.UVB: 1.96x10 rad m to 2.24 x 10 radm. 
X 

Evaluate: Larger X corresponds to smaller / and A. 

*2.5. Identic: c-fX. Em* - cB b „. k - 2x> X . <v - 2 xf. 

SET Up: Since the wave is traveling in empty space, its wave speed is c - 3.00x 10* in s . 

Execute: (a) v1X1 * -6.91x10“ Hz 

X 432x10 m 

<b> ^tB -(3.00x10* msKL25xlO * T)^375 Vm 


32.1 
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32.6. 


32.7. 


32.8. 


(c) k - —- — “ U ‘ —-1.45x10 rad m . fti-<2x rad)6.94x I0 14 Klz)-4.36x10*' rads. 

X 432x10 m 

£ = £^cos(te-^)3(375V,‘ro)cos<[1.45xl0 : radm}*- 1436x10'* radii/) 

/*- £ #-4 c<n< ( tv-^)-(l.25xlO A T)co<II.45xlO : radm]*-|4.36x 10" rads)f) 

Evaluate: The co*(Ly - a*) factor is common lo both the electric arxi magnetic field expressions, since these 
two fields arc in phase. 

IDENTIFY: f\. E^ K - cB amt . Apply Eqs.(32.17) and (32.19). 

SET L’P: The speed of the wave is c - 3 00x 10* m s. 

Execute: (., f = m,t ^6.90.10" Ik 

). 435x10 m 

t 3.00*10 mi 

(c> * - il - 1.44 -1 O' rad in. a - htf - 4.34 * 10” rad,4 .If £!r.i)- cotftr ton), (hen 

X 

fl(r. l> = -/fl_cos(tr-HU/>,*olhat E > E will he in the -* direction. 

£<;. f) = /<2.70« 10 ' Vm(coM(1.44.10' rad4)r.(4.34.10 1 ’ rad,41»>and 
fl(r. l> = -/(9.00* 10"“ I)cim||I 44* I0 ! rad'*)rt-|4.J4«I0 1 ’ rad*]f) . 

Evaluate: The directions of £ and B and of the propagation of the wave arc all mutually perpendicular. The 
argument of tlx cosine is kz + <ur since the wave is traveling in the -2 direction . Waves for visible light have very 
high frequencies. 

I DEV II tY and SET UP: The equations arc of the form of Fqs.l 32.17). with i replaced by r. B is along the y* axis; 
deduce tlx direction of E. 

Execute: w = 2sr/ ^2 jt(6.10x| 0* lI*)^3.83xlO ,J rads 

, 2t 2 xf M 3.83X10* 1 rads , . ti 

*-. —■ -- 1 . 28 x 10 radm 

X c c 3.00 x 10 nv's 

B^SMx 10“* T 

E^ =cB g ^ -(3.00x10* nvs|(5.K0* 10 4 T) = 1.74x10' VVm 

B is along they-axis. Ex B is in the directum of propagation (tlx ♦ redirection |. from this we can deduce the 
direction of £. as shown in Figure 32.7. 



E is alone the x-axis. 


E = E cos(Ar-ruf) = (1.74x10 s VAn)/cxi<(1.28x 10 ? radm)r-(3.83xlO 11 radst/| 

B = B^jcoiaz-&J)= (5.80x10 4 T)/ca*I(IJ8xlO T rad mt-(3.83 xl0 ,s rads ]i] 

Evaluate: £ ansi B arc perpendicular and <>«:illalc in phase. 

IDEVT1FY: For an electromagnetic wave propagating in the nceativv: xdirection. E - £ cost Ly +6tf). fii - 2.T f 


ind r =j • 


SET UP: The wave specified in the problem has a different phase, so £ - -E^ »n(Ax + ax) . £ IM4 - 375 Vm. 
k - 1.99x10 rad m and &i-5.97x10 * rad s . 

Execute: (a) B^ = —= 1.25 j/Y. 
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32.9. 


32.10. 


32.11. 


(b) /- — -9.50xl0 4 II/. X~ — -3.16x10 m -316 nm. T - -L-1.05x10'**s .His wavelength is too short 

2jz k f 

lo be visible. 

(c) c - fX - (9-50xl0 M llz)(3.16x10 ml- 3.00x 10* m.'s. This is what the wave speed should be for an 
electromagnetic wave propagating in vacuum. 

/ a> V It \ a> . 

Evaluate: c - f X -1 -— J —— - — is an alternative expression t*or the wave speed. 

IDENTIFY and SET Vr: C ompare die £(v, t) given in the problem to the general form given by Ia|.< 32. 17). Use 
the direction of propagation and of E to find tfo: direction of B. 

(a) EXECLTTE: Th: equation for the electric field contains the factor xinfAy-ruf) so lb: wave is traveling in the 

♦ r direction. The equation for Ci v, /) is in terms of sin(Ay- rather than cosfAv -oj)\ the wave is shifted in 
phase by 90° relative toon: with a cus(Ay-r/A'l factor. 

(b) £(v.M = -(3.10x10* V. m >£sin) Ay-(2.65x 10' 5 radsif) 

Comparing to Eq/32.17) gives wsl^xio 11 rad's 

, . 2xc _ 2 jzc 2^(2.998x10'ms) _ tt t . 

ta^lai =-so X —--- ^7.11*10 m 

?. cj (2.65 xl(J rad's) 


<c> 



— v 


Ex.B must be in tie ♦ in¬ 
direction (the dirccticei in 
w hich the wave is traveling!. 
When E is in the -r-direction 
then B must be in the -x» 
direction, as shown in 
Figure 32.9. 


Figure 32.9 


2.T <> 2.65 x itf 1 rad s 


t ^- 

AC 2. 


xIO' m't 
*3.10x10* V.'m 

£ 3.10x10* Vm 


- 8 . 84 x 10 * rad m 


lien tt 


-1.03* 10 1 


c 2.998x10' m s 

l.’ung Eq.|32.l7) and the fact that B is in the -i direction when E rs in the -A* direction. 
B = -<l.03x 10 ; Tt/sinhS 84x10* rad 'rah—(2.65x |0 : rad sVl 


EVALUATE: E and B are perpendicular and oscillate in phase. 
Identify: Apply Eqi.(32.17) and (32.19). / = cfX and A - 2xU . 


SET Up: The wave in this problem has a different phase, so (r, / ) - sinfAx -♦ <uf). 

EXECUTE: (a) The phise of the wave is given by Ax + <tX . so the wave is traveling in tb: -x direction. 

f.SLJ '*'*'*!- w,o - l0 '."» = ,s9„ O l , h . 

a c 2t It 

(c) Since tlie magnetic ftckl is in tb: +y direction. and the wave is propugating in the -x -direction, tbm the 
clcctrx field k in the rz -direction so that E x B will be in the -x -direction. 

E(x. f) - +cB(x s /)* - siti(Av * ruf \k. 

E(x. i)u(cQ2Sx\V* Tllsin((l.38x10' rad'm)x+(4.14xltf- rads)/|A. 

E(x. t) = +(2.48 V/m)sin|(l.38x10' rxl m)x + (4.14xl0‘*' rad.**)* 

EVALUATE: E and B have the same phase and are in perpendicular directions. 

Identify and Set Ik c-fX allows calculation of X. A - 2js/X and ai = 2xf. Eq.f32.18) relates the clcctnc 

and magnetic field amplitudes. 

.. , c 2.998x10'nvs 

Exr.ciiE: 
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. 12 . 12 . 


.12.13. 


.12.14. 


.12.15. 


.12.16. 


2.T 2x rad 

(h> k -0.0174 rad m 

A 361 m 

(c> to - 2T/i |2 .tKSJ0xI0 ‘ I I/I - 5.22x10' nd's 

(d> HqX32.1K>: = rfl„ = (2.99S.I0' m»K4.K2*10 " TI-0.CI44 V/m 

Evaluate: This wave has a very long wavelength: its frequency is in the AM radio braixlcast Kind. The electric 
ind magnetic fields in the wave are very weak. 

IDENTIFY: 

Sir UP: The magnetic field of the earth is abexit 10 4 T. 

_ _ E 3.85x10‘V/m t t .. 

Execute: b -i.28xio 11 T. 

c 3.00x10*011 

Evaluate: The field is much smaller than the earth's field 

IDENTIFY and Sit Ur: i - /A relates frequency* and wavelength to the speed of the wave. Use Eq.(32.22) to 
calculate n and AT. 

v 2.17x10* mss 


EXECUTE: (a) A - 


- 3.81 x 10 m 


t 5.70x10" II/. 


, c 2.998x10* nvi . _ IA .? 

(h) A --- 5.26x10 m 

/ 5.70x10 11/ 

, x c 2.998x10* m s . 
v 2.17x10* m s 

(d> n = ^KK a , * \Gc so K -n : = (1.38) : - 1.90 

EVALLATE: In the material i< c and/ is the same, so A is less m the material than in air. v<c always, so n is 
always greater than unity. 

Identify: Apply I:q.<32.21 >. E^ = cB tM . v - /A . Apply i:q.<32.29) with fj - K t ji v in place of //, . 

Setup: K =3.64. A.. =5.18 

Execute: U) v = , < 3, - | P»'^ 1 ,691,10’n./,. 

JW.7. J(5 64H5.IK1 


11.1 


, v 6.91x10’ m/% . 
-1.06‘ICl in 


65.0 / 


l«» «... - 


E 7.20x10* V/m 


6.91x10 m.'s 


1.04x10 T. 


,d> . S.7Sx,0'‘ W/m-\ 

2K mMl 2(S. IK)/i, 

EVALUATE: The wave travels slower in this material than in air. 

Identify: / = Pi A. /= . 

SIT Up: The surface area of a sphere of radius r is A - 4;rr : . - R.S5 x 10 ** C*.'N • m* 

Execute: <° 05>)75W V-330W.W. 

A 4t<3.0x 10 ' ml* 


W i— 



2 i 3 30 W/m’ > 


(8.85x10 '* C‘.'N in* )3.COxlO' ms) 


- 500 V 


1.7x10 * T - 1.7 til. 


E VALLATE: At the surface of the bulb th: power radiated by the filament is spread over the surface of the bulb. 
Our calculation approximates the filament as a point source that radiates uniformly in all directions. 

IDFMIFY and SIT Up: The direction of propagation is green by /: x B . 

Execute: (i)i=ix(-/)--i. 

(b) S = jxi = -£. 


(d» 5 ,/.(-*),;•. 

EVALUATE: In each case the directions of £. B arxl the direction of propagation arc all mutually perpendicular. 
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32.17. 


32.18. 


32.19. 


32.20. 


32.21: 


32.22. 


32.23. 


32.24. 


IDENTITY: E^ - cB _^ . ExB is in the direction of propagation. 

SET Up: c - JOOx Uf nvs . ^ 4.00 V/m. 

Execute: B tmt - £ M4 fc - 1J3 x 10 ' T . For £ in the ♦ v direction. E x B is in the *r direction when B is in 
the ♦ r directicxi. 

EVALUATE: E . B and the direction of propagation arc all mutually perpendicular. 

I DEN'11 tY: The intensity of the electromagnetic wave is given by Eq.(32.29): / - - «,r E ' tm . The total 

energy pasting through a window of area .1 during a time r is lAl. 

SETUP: 4*^8.85x 10 13 F/m 

Execute: Energy-</£;...</-(K.S5.10 " F/mXJOO-IO* n/%H0.0200 V:ml'(0 5C0 m' H-'OO i) - 15.9 ,/l 
EVALUATE: The intensity is proportxmal to the square of the electric held amplitude. 

IDENTITY and Set Up: Use Eq.l 32.29) to calculate A Eq 132.18) to calculate and use / = t4zr' to 
calcuiite P m . 

(a) Evni n: / - i£,„ - 0090 V/m. mi / - 1 .1x10 ' W/m' 

(b) £_=<£_ «>fl„ - £« - /c»3.0»l0' 1 * T 

(c> P -/(4.Tf*) = (l 075-10 1 W/m 1 M 4?)(2.Sx 10‘ m) J = S40\V 

(d> EVALUATE: The calrulation in part <c| assunxs that tlic transmitter emits uniformly in all directions. 
Identity and set i p: / - P Si i A and / - *icE; m . 

Execute: (a) Tbc average power from the beam is £ ^Xd-tOKOO \V/m 3 )(3.0xl0 * m 3 )^2.4x|0 4 W. 

7 


(»> 


17.4 V/m 


U.8O0 W/m 

4 ;f \ (8.85x10'* F/m 1(3.00 *\(f n^'s) 

Evaluate: The laser emits radiation only in the direction of the beam. 

Identity: ! -P f a 

SET Up: At a distance r from the star, the radiaticoi from the star is spread over a spherical surface of area 
A = 4 jsr . 

Execute: P Wt4;rr 3 )-<5.0xl0 J W/m*X < **X2Axl0 lt mr -2.5x|O a J 
EVALUATE: The intensity decreases with distance from the star as l/r*. 

Identity and Set Up: c -f A. E ^ - cB^ and / = E m ^B^ K /2p c 

Execute: (■>/-l, 3 - 00 ^^, 8 -»7xltfll* 

’ A 0.354 m 


M - 


lc>/-5 - 


D.0540 V, m . rtil t , 
--1.80x10 


l 


c 3. 00 x 1 O' 

,0-054 ° V / 111 * 1 *0* 10 " r> - 3.S7- 10 • w/,». 


2*. 

Evaluate: Alternatively. J-^tfE^. 

Identity: P m - IA and / = 4 

SET UP: The surface area of a sphere is A - 4*r\ 


Execute: P -S A- 


(4,,-',. £ (■6OOWK3flOxIO‘n,/i)M, j|2J0 

I 2 c/i, *“ V 2t r‘ y 2s(5.00m) 


fl A- 120 v' m , 400 „ 0 . T . 

c '< 10 - 10 ' m) 


EVALUATE: £L.. and arc bi>th inversely proportional to the distance from the source. 
Identity: The Poyniing vector is S = £ x B 

SET UP: The electric field is in th: * r direction. and the magnetic field is in the ♦redirection, 
cos' d - -IT ■Tcos 2 ^) 


Execute: (a) S - ExB (-j)xk - -f. The Poynting vector is in the r-dircction. which is the direction of 
propagatiim of the wave. 
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< 1>> Six* i) - 1 ‘ ** ‘ ! cos'lLv + <uf) - 11 t-cos(2<&* + Aa*»). But over oik period the 

Vt> A. 2 M. 

cosine function avenges to zero, so we have S —^——. This is I:u.(32.29). 

2 Pv 

Evaluate: Wc can also show thit these two results also ^tply to th: wave represented by Eq.(32.17). 

32.25. Identity: Use the radiation pressure to find the intensity, and then P^ - /(4rr J ). 

SET UP: For a perfectly absorbing surface, -— 

c 

Execute: p itt - !/c %o / =cp_ - 2.70x10* Wm\ Thai 
P'*/(4xz 1 ) = (170-10‘ W/m-'KJ.TKS.Ora) 2 =8.5x10' W. 

EVALUATE: Even though the source is very intense the radiatxm pressure 5.0 m from the surface is very small. 

32.26. IDENTIFY: TTic intensity and th: energy density of an electromagnetic wave depends on the amplitudes of the 
electric and rmgnetic fields. 

SET UP: Intensity is / - P~ A . and the average power is P 4 . - 2IU\ where / - T <,r/: t *_ 4 • The energy density is 


Execute: / - P.JA - 3l6JWOW - 0.0020. wW. /V - 2//c- * ft<10201 - 1.34 x,0 

2 *(SOOO m)‘ 3.00< Iff m'i 


(b) I-IrC.ci:- give 


2(00020 l\V.m) 

(8.85x10 "C-'i’N-m 1 )(3.00xl0' nv*> 


- 1.23 J4C 


«... “ /w’r - (1.23 NVCM3.00 x 10' m s) - 4.10 x 10 ' 


(c) ■< = *£*'. so u, - «..(£„ >- and E„ - —, so 

,E : |8.85xlO' u C ! i)J m ! )(l.23 NC) 1 . 

- ; - - 6.69 x 10 " J.'m* 

(d) As was shown in Section 32.4. the energy density is th: same for the clectrx and rmgnetic fields. so each ixve 
has 50% of the energy density. 

EVALUATE: Compared Io most laboratory tklds. the electric and rmgnetic fields in ordinary radiowaves arc 
extremely weak and carry very little energy. 

52.27. Identity and Set Up: Use Eqs.(32.30) and (32.31). 

Execute: (a) By Eq.(32JO) the average momentum density is ^!L-!U -L 

dV c‘ c~ 

dp 0.7&xltf W/m 1 _ 

— - 8.7 x 10 kem* s 

dV (2.99Kx 10 ms)* 

(H) By Eq.(32.31) the average momentum flow rate per unit area is —- * ——-2.6x 10 ‘ Pa 

c c 2.998 x Ilr m s 

EVALUATE: The radiation pressure that the sunlight would exert on an absorbing or reflecting surface is very 
small. 

52.28. Identity: Apply Eip.(32.32) and (32.33). The average momentum density rs given by Eq.(32.30). with S 
replaced by S^ = / . 

SETUP: 1 atm - 1.013x 10* Pa 

/ 2500 W/m 1 


EXECUTE: (a) Absorbed light: p - — - 

c 3.0x10* m/x 


= 8.33x10 Pa. Then 




8.33x10" Pa 
1.013x10' Pa atm 


-8.23x10 ‘ 4 


2/ 2(2500 W/m 1 ) 

(b) Reflecting light: p . -1.67x10 

c 3.0x10* m 's 


Pa. Ihcn 


1.67 x 10 Pa 
1.013x10' Pa.atm 


1.65x10 ” atm. 
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32.29. 


32.30. 


32.31. 


32.32. 


32.33. 


tel The momentum density is —- — 


2SOCI W/nT 


2.78x10 14 kc/nT-x 


y<A- \M. 


(3.0x10* m !%Y 

Evaluate: The factor of 2 in p tmi for the reflecting surface arises because the momentum vector totally reverses 
direction upon reflection. Thus the citangv in momentum is twice the original momentum. 

IDEMIFY: Apply 11*02.4) and (32.9). 

SET UP: iq.132.26) is 5 - tfE 1 . 

Execute: 5 - - 1—E' - = Gl/a — - c 5: 

V<A» Va. Va# c VA, V^A. XA. A« MA 

Evaluate: We can also write 5 - </*(r0) : - </• \fr\ 5 can be written solely in terms of E oc solely in terms of B. 
IDENIIFY: Tlic electric field at the ixxfcs k zero. so there is no force on a point charge plxcd at a node. 

SET UP: The location of the nodes is given by Kiq.t 32.361. where .r is the distance from ooe of the planes. 

Extern:: Av t , - — - -1—- 0.200 m - 20.0 cm There muxl be node* a! the planet, which 

2 2/ 2(7.50x10* Hz) 

ire 80.0 cm apart, and there are two nodes between the planes, each 20.0 cm from a plane. It k at 20 cm, 40 cm. 
and 60 cm from ooe plane that a point charge will remain at rest, since the electric fields there arc zero. 

EVALUATE: The magnetic field amplitude at these points isn’t zero, but the magnetic field doesn’t exert a f«ce 
cm a stationary charge. 

IDENTIFY and SET Ur: Apply Eq*.(32.36) and <32.37). 

Execute: (a) By Eq.(32 .37) we sec that the nodal planes of the B field arc a distance a 2 apart, so 
>1/2-3.55 mm and .4-7.10 ram. 

(b> By Eq.(32.36) we sec that the nodal planes of the E field arc also a distance ?J2 - 3.55 mm apart 
|c> v = /V. = (2.20x10" II/«7.|0. |Oo m)>l56xl0' mi. 

Evaluate: The spacing between the nodes of E is the some as the spacing between the nodes of H Note that 
v<c, as it must. 

IDENTIFY^ The nodal planes of £ and B arc located by liqs.l 32.26) and (32.27). 


c 3.00x10' mi 


SETUP: A- — 

f 


75.0x10 II/. 


4.00 m 


Exec ute: 


(a) Ar- —= 2.X m. 


(b) The distanre between the electric and magnetic nodal planes is one-quarter of a wavelength, so is 

a Ay 2.00 m 

— _ — _ - 

4 


1.00 m. 


2 2 

EVALUATE: Tlx nodal planes of B are separated by a distance A>2 and arc mad way between the nodal planes of E. 
(a) IDENTIFY and SET L’P: The distarxe between adjacent nodal planes of B is Af2 . There is an antinodal plane 
of B midway between any two adjacent nodal planes, so the distance between a nodal plane and an adjacent 
intxmxial plane is >1/4. Use r- fA to calculate A. 

2 . 10 x 10 " ms 


EXEC l IE: /.- 


t.O 75 m 


I 0.0175 m 
4 4 


/ 1 . 20 x 10 ” llz 

1.38x10 1 m - 4.38 mm 


(b) IDENTIFY and SET Ur: The nodal planes of E are at x - 0. A/2 A* 3>i’2.so the antinodal planes of E 

arc at x-Af 4. 3^/4, SM .The nodil planes of B arc at x = At 4. 3 a .’4. 5>2/4.so the antinodal planes 

of B arc at a / 2 * a. 3a/2. 

EXECUTE: The distance between adjacent antinodal planes of £ and antinodal piincs of B is therefore 
>1/4-4.38 mm. 

(c> From Eqs.(32.36) and (32.37) the distance between adjacent nodal planes of E and B is >1/4 - 4.38 ran 
Evaluate: The nodes of li coincide with the antinodes of B. and conversely. Tbc nodes of B and the nodes 
of £ arc equally spxcd. 
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32.34. 


32.35. 


32.36. 


iDEMItY: Evaluate the derivative* of the expressions for £f r (x, f) and f) that axe given in Eqs.l 32.34) and 
(32.35). 

SET UP: —Mn Av - £co*Ar . —sin am - aicosam . —cos At - -AsinAY . —cot rut - —Aisin am . 

r.v ci ci 


1 

r'A - ” t.Y 


EXECUTE: (a) - —r(-2£„*intniii«*)=— (-2<£_cco*iiina») and 


a*£,(*. f) . a.-' e*£,(r, I) 

--- 2k m E gmA sin Avxin ay - sin Aran AY - - 7 -- 

« r* tf 

Similarly: ■ 1 ‘ M - -£^.(- 2 /^ cox Ay cos am) - -^-(♦ 2 Aff, — «n Arcos ay) and 

-illlli ^ 2*^ cozens ay , cosAycosay * 

r.Y* c ff 


(»» 


——— —(- 2 £ un&rsinoY) - - 2 t£,_ ccwAtsinAY . 


- -—IE cos Ac sinew - -AtZ^^coshsiiutf - -<j2& ccct AisixiftY . 


™±r-n^ ± co%kxci>*(t*)--—±Lil 

<lr r?/ Bt 

Similarly: ' n _ cos Ar cosay)- -2kB. . *m Arcos av . 


- - - ~—2ti sin Ay cosay ---^2cd xinAvcos <cK . 


rlv c 

0 


B . ri 

- sinArcosAV - ^-4-2^.. sinAxsinttY) - --- 

3 s di dr 


Evaluate: The standing waves arc linear superpositions of two traveling waves of the same k and (o . 

IDEM in : The nodal and ant inula 1 planes are each spaced one half wavelength apirt. 

SET UP: 2 t wavelengths fit in the oven, so (2i| a. - L % and the frequency of these waves obeys the equation fX - c. 
Execute: (a) Sinre (2 l)A - L. we have /. - <&2)(I222 cm) - 30.5 cm. 

Ih) Solving for the frequency give /-clX - (3.00- 10* m'*V(O.I22 ml - 2.46 • 10* 11*. 

(c> L - 35.5 cm in thi* cue. (2j)^ - l. *o X - 2/75 - 2(35.5 eml'5 - 14.2 cm. 

/- dX - (3.00 » 10* nv!)i(0.I4? ml - 2.11 - 10* lb 

EVALUATE: Since microwaves hive a reasonably large wavelength microwave ovens can have a convenient size 
for household kitchens. Ovens using radiowaves would need to he far too large, while ovens using visible light 
would have to he microscopic. 

iDEMltY: Evaluate the partial &rivativcs of th: expressions fee AT. (x, /) and B (x* /). 

SETUP: _Lan(Ar-A»f) - Acos(At-av). — wn(Ar- ay) --a>co*<Ay- ay). -Lco*<Av- ay) - -AsinfAv-fiV). 

Bx Bt Bx 

—cos(Ar-ntf) - Aisin(Ar-AM> 

Bl 

EXECUTE: Assume £-£, M /un(AY-Atf)&nd B - tf #- .AsinlAx -am with-r < ^ < x. I;|. (32.12) is 

— 1 ^. This gives A/f a-1 cos< Av - fat) - +taB tmAk cost At - ay * dl , so ^ - 0. and A£^ - taB t ^ K . so 

Bx Bl 

Similarly (or Eq.(32.l4|. give* 

k 2.7 fa <x 


-kB^ cos(Ay -A»ft#)- -c t fJ v faE^ cost Ax - fat) , so # - 0 and kB^ - . so 


L 2 *T t (it C C 


Evaluate: The E and B fields must oscillate in phase. 
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32.37. 


32.38. 


32.39. 


32.40. 


IDENTIFY and SET Ur: Take partial derivatives of IU|x.|32.12) and <32.I4>, as specified in tlx problem. 

r?£ t (B 

EXECUTE: Eq.(32.12): -- 

&x rV 

d £*£, d*B cB eE fi 

raking — of both sides of this equatxm gives —— : —■ - tq.t32.l4) says —— Taking —— of 

rV a Cx cY ex 


both sides of this equation gives 




d*E d 3 E 1 B 2 B 

1 -.so-----Ik; 

clcx didx <,m, ex 

*B 

it 


r : E £* E 

-1 (The order in 

dxdi dtdx 


r 


3 1 


winch the partial derivatives are taken dnrsn t change llx result.) So --— - --and-- - c.j/.. — - 


«.tt> ex ex 

as was to be shown. 

EVALUATE: Both fields, electric and magnetic, satisfy the wave equation. I:q (32 10). We have also shown that 
both fields propagate with the sanx speed v - 1 •’ yjt t u i . 

IDI.MUV: Hie average energy dmuty in the electric field is u x ~ - 4«,(£* an ^ the average energy density in 


the magnetic field is u A -— (£*>., . 

SETUP: (cox*(fo-6tf)) -r 

Execute: “K*—«“’(*'-“*> and u .~*i*£L- 

0 l V. I ) ^ fi _ co«bc -<*).«> u, -_i—fl : -and U>> . rnJ-B^. «•_ , w 
■ r ■ ^• * h “ h “l"' 1 "... • 

EVALUATE: Out result allows us to write u -2u - ItE* and u -2 u u — '—ii : 

IDLVIIH: TTie intensity of an electromagixlic wave depctxls on tlx amplitude of the electric and magnetic 
fields. Such a wave exerts a force because it carries energy. 

Set Up: The intensity of the wave is / - P m /A = r<*r£L. - ;,,ui lhc ^° €CC u £ - K. •< where P t . -!fc . 
Execute: <j> / - /V/f - (25.000 W)T4xiS7S mf 1 - 0.00602 W m : 


,b>/,- V £’ .«,£ - E- _ 2(0.00602 W.nQ _ . - 2 .„ Nl ^. 

YV Y (885- 1 0‘" C*/N - m‘ KJ.00 « 1 O' n»'») 

B,^ - £,. 0 f - (2.13 NiC>'(3.00 - 10* mi) - 7.10 x 10 ‘ T 
(c )F-P,.A - (l/c)A - IOOOMI2 \VMn : H0.150 m)(0.400 in|(3.IXl * 10* ins)- 1.20- !0 ,! N 
EVALLATE: The fields are very weak compared to ordinary laboratory fields, and tbc force is hardly worth 
wonying aKrnt! 

IDF.VIIFY: c - fA. E - cB . / - ytcif* For a totally absorbing surface the radiation pressure is —. 


SET UP: The wave speed xn air is c - 3.00x 10* m s . 

‘ 3.00xltfnW4 , 


Execute: 


<!•) «... - 


1.35 Van 


-4.50x10 T 


c 3.00x10* m’s 

(c> / -i t t cE^ =y<S.854x 10 42 C ? /N m*K3.00x|0 ¥ nVs)(l.3S Vhi) J ^2.42x10 ‘ WVm* 

, „ _ , w Zf <2.42x10 ‘ NWfn 2 M0.240 m*) , rt4 , t 

(d) / - (pressure^--1.^4xl(l '* S 

r c 3.00x10 m's 

EVALUATE: The intensity depends only on the amplitude of tbc cleetnc and magnetic fields and is indepentlent 
of the wavelength of tbc light. 
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12.41. (a) IDENTIFY and SET Ur: Calculate / and then use Kq.(32.29) to calculate E^ and Fq.(32.18) to calculate 

P 3 20x 10 ' W 

Execute: The intensity is power per unit area: /- \ " ■ * -- 652 \V.m\ 

A .7(1.25x10 ml 


K 


E ^ - j’2|4.tx 10 ' T m AK2 99Sx!0 > m/s)f652 YVm : ) - 701 Vita 




701 V m 


2 34 x 10 ‘ T 


c 2.998x10* m's 

EVALUATE: The magnetic fiekl amplitude ix quite small. 

(I>> IDENTIFY and SET Uk F:qs<24 11) and <30.10) give the energy* density in termx of the electric and magnetic 
field values at any time. Tor sinusoidal fields average over E~ and B 1 to gel the average energy densities. 
Execute: The energy density in the eiectric field is u f - E - E . cos(£t“^) and the average value of 

cos*( kx-t-x) is L. The average energy density in the electric field then is 

1 ( kA , - - ±18.854 x 10 ,J C*/N- m* )l701 Wm)* - 1.09x 10 * I’m*. The energy density in the magnetic fiekl 

,2J, : I0 : T '. -1-09x 10 * lm‘. 


D B* 

is 1 /-. The average value is u.-2iL 

A 2u " An 4|4.tx 10 TmA> 


Evaluate: Our result agrees with the statement in Section 32.4 that the average energy density for the electric 
field is the same as the average energy density for the magnetic fiekl. 

(O IDENTITY and SET l>: The total energy xn thes length of beam is the total energy density 
u s - u fst ^ - 2.18 x 10 * J.'m‘ times the volume of this put of the beam. 

Execute: I , -« < I./f = (2.ls«l0‘ J'm'xi.00m),T(1.25xl0 ' m)^ 1.07x10" J. 

EVALUATE: Thrs quantity can also be calculated as th: power output times the time it takes the light to travel L - 

1.00 m: £U<3.20xl0‘‘ V >!- IIX ?H .-1-1.07x10 " J. whidi check*. 

UJ > 2 . 998 x 10 m'%) 

32.42. IDENTITY: l.*se the gaussian surface specified in th: hint. 

SET UP: The wave is in free space, so in (iausx's law for the electric field. Q mA - 0 and fE dA - 0. Gauss's law 
for the magnetic field ays tB dA - 0 

EXECUTE: Use a gaussian surface such that the front surface is ahead of the wave front <noclcctr>: or magnetic 

fields) and the ba:k face is behind the wave front, as shown in Figure 32.42. /f E . -0. 

C, 

dA-B Oand B i -0. 

EVALUATE: The wave must be transverse, since there arc no components of the electric or magnetic field in the 
direction of propagation. 



12.43. IDENTITY: / - P^i A . For an absorbing surface, the radiation pressure is p u - — 

SET UP: Assume the clcclroimgnctic waves arc formed at the center of the sun. so at a distance r from the center 
of the sun / - P N4xr\ 




32.44. 


32.45. 


32.46. 
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3.9x10 s * VV 


4t R 1 4;r(6.%x| (f my 


6.4* 10 : W/m* and 


EXECUTE: (a) At the sun's surface / 

/ 6.4x10'W/m* 

*-‘7* 3.00x10 *mft a02IP> - 

(b) Halfway out from the sun’s center, the intensity is 4 times more intense, and so is tlx radiation pressure: 

/ - 2.6x 10* WiTn* and p kU - 0.85 Pa At the top of the earth’s atmosphere, the measured sunlight intensity is 
1400 W/m* -5x10* Pa.which is about 100,000 times lew than th: values above. 

Evaluate: (b) The gas pressure at the sun’s surface is 50.000 tinxs greater than the radiation pressure, and 
halfway out of the sun the gas pressure is believed to he about 6x 10 * ‘ times greater than the radiation pressure. 
Therefore it is reasonable to ignore radiation pressure when modeling the sun’s interior structure. 

p 

IDENTIFY: / - — . / - 


SET L’P: 3.00x|0 > m's 

r 2.8QxiQ*w 


EXECUTE: /-- 


77.8 VV m : . 


36.0 m 


»• 



2(77.8 W/m‘ i 


242 NT'. 


c/* y <8.854x10 * TO m* |<3.00x \(f nWs) 

EVALLATE: This value of is umiiir to the electric field amplitude in ordinary light sources. 

IDEMIFY: Hie same intensity light falls on both reflectors, but the force on th: reflecting surface will be twice a? 
great as the force on the absorbing surface. Therefore there will be a net torque about th: rotation axis. 

SET UP: For a totally absorbing surface. /•' - P t ,A -(//c)/f, w hile for a totally reflecting surface the force will he 
twxe as great. The intensity of the wave is / - . Once we have th; torque, we can use th: rotational form 

of Newton's second law. /a. to find the angular acceleration. 


EXECUTE: 1 he force on the absorbing reflector is /■ - p A 




Solving for a gives a - r.3£‘ /(2m/. > — 


For a totally reflecting surface, the force will be twice as great, which is ^r/T^ . The nd torque is therefore 

Newton’s 2 U law for rotation gives r^ - Sci. ^AE^JJt - 2 n\{L ; 2) l a 

(8.85 xlO** CVN m*')(0.0150 mr'(1.25 N/C| J .. . 

I-3.89x10 11 rads* 

(2M0.00400 kgMl.Olmi 

EVALUATE: Thts is an cxtrcnxly small angulir acceleration To achieve a larger value, we would have to greatly 
increase th: intensity of the light wave cc decrease the mass of the reflectors. 

Idem itY : For light of intensity /. K incident ixv a totally absorbing surface, the radiation pressure is 

p . ——. For light of intensity / . incident on a totally reflecting surface, p . .-- 

c c 

SET L’P: The total radiation pressure is p a - p ♦ p^^ • - w/ and ! ui - (I - vs)/ 

r /*. 2 / tl wi 2 ( 1 -vs)/ ( 2 -h)/ 

Execute: u> p ^ - PtmX ^ * Pnudt —-*- - 

c c c c c 

(b) (it For totally absorbing vs-lso p t ^ —. (iij For totally reflecting iv-Oso p tmi -—. These an: Just equations 

c c 

3132 and 32.33. 

(c) For * -0.9 and/ -1.40> 10 : W/m*. „ - 1 ll| - |n IV ;l1 1 .5.13x10 * Pa. Foe ..-0.1 and 

5.00.10 1 m* 

/ -1.40.I0 1 W/m*, ■^" IMI -4°>10 : W/n-) M7xl0 -^ 

' 3.00x1 m''4 

EvaELaTE: The radiation pressure is greater when a larger fraction is reflected. 

I DEMI FT and SET Un In the wire the clectnc Field is related to th: current density hv l:q.(25.7). Use Ampere's 
law to calculate H. The Poynlmg vector is given by Fq.l 32.28) and the equation thit follows it relates the energy 
flow through a surface to S. 


32.47. 
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32.48. 


32.49. 


EXECUTE: (a) The direction ot’ E is parallel to the axis of the cylind^. in the direction of the current. I'rom 
Fq.<25.7), E - pJ - pt/xa 3 . (E is uniform arrays the cross section of the conductor.) 

|b) A crow-sccticmal view of the cixxluctor is given in Tieure 32.47a; take the cunent to be coming out of the page. 


Apply A nacre's law to a 
circle of radius a. 
di - B( 2 jra) 





*« <li B(2xa) - nJ and B- -iil 

2-ra 

The direction of B w counterclockwise around the circle, 
(c) The directions of E ami B arc shown in Figure 32.47b. 

ft E 



The direction of S - — E x B 

Mi 

is radially inward 

M A2ro 

r ! 






Figure 32.47b 

(dl Evaluate: Since 5 is constant over the surface of the conductor, the rate of energy* flow P is given by S 

times the uirtacc of a length / of the conductor P - SA - 5(2t<i0 - -£l—ylxal) - Hut R - ^L. so th: 

2ra ,ro* xa' 

result from th: Pointing vector is / - RJ'. This agrees with P, - /*/?. the rate at which electrical energy is being 

dissipated by* the resiuancc of the wire. Since -9 is radially inward at the surt&re of the wire and his magnitude 
equal to the rate at w hich electrical energy is being dissipated in the wire, this energy can be thought of as entering, 
through the cylindncal sidrs of the conductor. 

iDLVIltY: The intensity of the wave, not the electric field strength, obeys an inverse* squire distance law. 

SET L’P: The intensity is inversely proportional to the distance from the source, and it depends on th: amplitude 
of the electric field by / - S t , - 

Execute: Since / - £ _ XyfJ .A point at 20.0 cm <0.200 m) from the source is 50 times closer to 

the source than a poent that is 10.0 m from it. Since / x 1/r* and (0.200 mVUO.O m) - 1.50. we have /»a» - 50 2 /»>. 
Since E,^ <x v7. wc have E t i+ - 50E,o - (50X1.50 N.C) - 75.0 N.C. 

EVALUATE: While the intensity merexses by a fxli* of 50 : - 2500, the amplitud: of the wave only increases by 
a factor of 50. Recall that the intensity of am* wave is proportional to the square of its amplitude. 


IDENTITY and SET Up: The magnitude of the induced emf is given by Faraday's law: |£| 


. To cukulalc 


we need dB< dt at the antenna Use tbc total power output to calculate / and then combine Eq.(32.29) and 
(32.18) to calculate B mtm . The time dependence of B is given by Eq.(32.17). 

Execute: <t>* - BxR : . where R - 0.C/X10 m is the radius of the loop. (This assumes that the magnetic f*:ld is 


umform across the loop, an excellent approximation.! If I - xR‘ 


B - B c&^kx - <ai) so 


The maximum value of 


B ftisinl h-aif) 


IN tf_.fi". NO L' l - Tff'fl 




H =0.0900 nv« = 2*/ = 2 .t<9S.0«,I0‘ 11/1 - 5.97-10' ruts 
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32.50. 


32.51. 


32.52. 


32.53. 


Calculate the intensity / at this distance from the source, and from that the magnetic field amplilixle B ^: 


rims .■ 


«' I 2 ' 1 *' 1 " 1 "vAH7. | )0.|‘ W" l ^ 4; . |0 . T ^ 

2.998 ^ 10 m s 


KL. " - *(0.0900 m> : (2.42x 10 v T)(5.97xl0* rad/s) ^0.0368 V. 

EVALUATE: An induced cmf of this magnitude is easily detected. 
iDEMTfrY: The nodal planes arc ooe-half wavcVmgth apart. 

SET UP: The nodal planes of li arc at a - x/4, 3^4. 5X4_which arc /SI apart 

Execute: (a) The wavelength is A - c//- (3.000 x 10* nvx>( 110.0 x I0‘ lb) - 2.727 m. So the nodal planes 
arc at (2.727 m)‘2 - 1.364 m apart. 

(b) For the nodal planes of £. we have A % - 2Ln. so L - n?S2 - (8X2.727 mV2 - 10.91 m 

EVALUATE: Because radiowaves have long wavelengths, the distances involved arc easily measurable using 

ordinary' nxtcrstick*. 

IDENTITY and SET L>: Find the force on you due to the momentum carried off by the light. ILxpress this fi>rce in 
terms of the radiated power of the flashlight, l.'sc th*s fevee to calculate your acceleration and use a constant 
acceleration equation to find the tinx. 

(a) Execute: -!fc and F - p ui A gives F = iAfc = P^ tc 

a - Ffm*P si ^mc> = (200 W>j(IS0 kg)(3.Q)xlG* m s)] ^4.44x10 v m’sr 
I lien give* t - J’<i -1, -^2(16.0 m><4.44xl0 ' mV) 8.49.10' » = 23.6b 

EVALUATE: The radiation force is very snail. In the calcuhtion we have ignored any other forces on you. 

(b) You could throw' tlx flashlight in the direction away from the ship. By observation of linear momentum you 
would move toward the ship with the sanx magnitude of momentum as >ou gave the flashlight. 

Identity : P m sMand / = cB^ 

SET UP: The power carried by the current / is P - Vi . 

Execute: /.Is..**** •- -- / 2(5.00x10* vx.oooa) 

A 


V _ idL, \—^ I ---- 6.14x10* V/m. 

A%f YiI(X) mi k,(3.00x 10 m/s) 


m> ,S S .,6 | ^^V/",2.05x10-T 
c 3.00x10* ml* 

(5.00x10' VHI000 A) 


5 .OOx 10* W/m*. This is a very intense beam spread over a 


Evaluate: / - vt A - 

100 m* 

large area. 

IDENTITY: The orbiting satellite obeys NcwiicT* second law of motion. The intensity of the clectromignctic 
waves it transmits obeys the inverse*square distance law. and the intensity of tlx waves depends on the amplitude 
of the electric and magnetic fields. 

Set Up: Newton's second law applied to tlx satellite gives m\*IR - GmMfi* % where M « the mas of the Earth 

and M is the mass of tlx saxllite. The intensity / of the wave is /“5 M “ and by definition. / — P n fA. 

EXECUTE: (a) The period of the orbit is 12 hr. Applying Newton's 2 M law lo the satellite gives m?>R - GuM'S* 

, t . rnfar/T)* GmM . _ p 
wluch gives - - Solving torr. wc get 

r r' 

GMT '! 4 | (6.67x|0 " N m**g*)(5.97x10* kg)(12x3600s/ 

) L 4? 

The height above the surface is h - 2.66 x 10 m 6.38 x 10*m - 102 x 10 m. The saxllite only radiates its 
energy to the lower hemisphere, so the area is 1/2 that of a sphere. Thus, from the definition of intensity, the 
intensity at the ground is 

I - P /A - r„H2xlt : l - (2S.0 W>|2*<2.02 x 10’ m) : l - 9.75 x 10 “ WiW 


- 2 .Mixl 0 ; m 


21 


|b>/ - S„ - UcE^-. so - (— 


’<9.75x10 "wmi 


</• y <8.85 x 10 ,J C'^ m )(3.00x 10*11*5.) 

«... - £„.'c = <2.71x10* N'C >'<3.00x1 O' nv*) = 9.03xl0 “ 
I = rfV = <2.02x 10 : m>'<3.00xl0" m's) - 0.0673 * 


2.71-10* N C 
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32.54. 


32.55. 


32.56. 


(c>/* - He - (9.75 x 10 15 \V.m : y(^-®>x 10* m's)- 3.25 x 10 Pa 
(dM -*// - (3XK)x I0‘ nYsV( 1575.42* 10* Hz) - 0190 m 

Evaluate: The fields and pressure* due to these waves arc very small compared to typical laboratory quantities. 

21 

IDENTIFY: For a totally reflective surface the radiation pressure is 1 _Find the force due to this pressure and 


express the fwce in terms of the power output P of the sun. Tlie gravitational force of the sun is - G — 


S.l Ip: The maw of the *um u 3/_ «1.99* 10* kg. O = 6.67 x 10'" N • in'/kg’. 

EXECUTE: (a) The sail should be reflective, to produce the maximum radiation pressure. 

(2!^ P 

(b) fy - | — \A . where .1 is th: area of the sail. / - ■ . where /* is the distance of the siil from the 


.m 


...(—If-A 


PA PA ml/ 

—- F "> = F . »- 


c )\ 4xr- f 2xr*c “ ‘ lxr‘c r‘ 

( IxcCmM^ 2*<3.00xl0 v mi)<6.67x 10 " N -m ; /kg'HI0.000 kg» 1.99x10* kg) 

T 3.9x10’' \V 

.1-6.42x10'm- -6.42 km'. 

(c) Doth the gravitational force are! the radiation pressure are inversely proportional to the square of the distance 
from the sun. so this distance divxics out when we set F tU - F v . 

Evaluate: a very large sail is needed, just to overcome the gravitational pull of the sun. 

Identify and SET Up: The gravitational force is given by Kq.(l2.2). Express the mass of the particle in terms of 
its density and volun>:. The radiation pressure is given by Eq.(32.32); relate the power output L of the sun to th: 
intensity at a distance r. The radiation force is the pressure tinxs the cross sectional area of the particle. 

Execute: (a) The gravitational force is F - The mass of the dust particle is m - pV - p±xR . Thus 


F - 


XpGxMR 1 

yr 


(b) Tor a totally absorbing surface p^ . If L is the power output of the sun. the intensity of the solar radiation 

c 

a distance r from the sun is /-. Thus p ■-The force F that corresponds to i> is in the 

Aar Aacr u 

direction of propagation of the radiation, so F tU - . where A x - .r/?‘ is the component of area of the particle 

perpendicular to the radiation direction Thus F -1 ——— ,(t/?‘ ) - 

\ Aacr ) Acr 

ApGaMR* IR 1 


3? 


4c r 


U 3£ 

[ 3 f 4c 16c pGxM 

„ SlJflxlO* W) 

I6O.99S.10' ms«-MIOIkum 'M6.673-10 ' N m' kg'I t<I .99 ■ 10 ' kg) 

J? = 1.9*10*’ m -0.19 pm. 

EVALUATE: The gravitational fccce and the radiation force both have a r * dcpcndcixc on th: distance from the 
sun, so this distance divides out in the calculation of/?. 




II 


F tmX is proportional to R' and Ls proportional to R\ so this 


F [ Acr J( ApGx»\R J 16 cpGxMR 
ratio is proportional to 1.’/?. If R < 0.20 pm then F t ^ > F t and the radiation force will drive the pirticles out of the 
solar system. 


IDENTIFY: The electron has acceleration a -. 

R 


Setup: I cV-1.60x10 C. An electron has h-c-1.60*10 C. 
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32.57. 


32.58. 


Execute: For Ibc electron in the classical hydrogen atom, its acceleration is 

a - — - :>1 ; >C\ il.^vl 11 I cV) 9 03x I0 a m/j( : Thcn u%ing lhc fl>rmu | a fc * tf*. rate of energy 


< 10“ eV/s. This large value of— 


|9.l I x |0 '* kg)l5.29xlO " m> 
emission given in Problem 32.57: 

£- i V- l| M .H"Cm03. l Q-^|' -4 M> | 0l 

rf/ 6 .tc,<3.0Ox 10* m \f%) ut 

would mean that tb: electron would almost immediately lose all its energy! 

EVALUATE: The classical physics re>cult «n Problem 32.57 must not apply to electrons in atoms. 

IDENTIFY: The orbiting particle has acceleration a -. 

R 

SET L'P: K - 4<wv*. All electron has maw w - 9.11 x 10 ' kg and a proton has mass m f - 1.67 x 10 * kg. 
Execute: ojjOLL L ?<-*V_ 

J \ -m- Mm.^1 * ' J 

(b) For a proton moving in a circle, the acceleration is 

V s imv 1 2(6.00 x 10* eV) (1.6x10'" J/cV) , ,, . ..... 

If---„- ‘ -a I.SJx 10 mn The rale at which it emm energy because i>f 

K imJ? <1.67x10- kg)(0.75ml 

its accelcialiixi Is ££- - 1.33xlO~ u Jfc-*.12x10- eV/, 

dt 6.w t c 4 6.r«,<3.0*l0* m/s) f ' 

Therefore, the fraction of its energy that it radiates evwy second is ■ “* lfM ‘ ’’ * -— 1.39x 10 '. 

(c> Carry ixil the same calculations as in part |bL hut now for an electron at the same speed and radius. That means 
the electron's acceleration is the same as the proton, and thus so rs the rate at vvh»:h it emits energy, since they also 
have the same charge. However, tlx electron's initial energy ditYcrs from the proton's by the ratio of their masses: 

£ g - £ — - (6.00 x 10* cV 1- ^ ] [ - 3273 cV. Therefore, the fraction of its energy that it radiates every 


VI- 

(1.67x10* kgt 


. (J£,u*Kls) 8.32x10 cV Bai t 
second is ---234x10 V 


EVALUATE: The proton has speed v - 


2(6.0 x I O' cVKI.60x 10 14 J,CV» 
1.67x10 kc 


3.39x10 ms. The electron 


has the same speed and kitxiic energy 3.27 kcV. The particles in the accelerator radiate at a much smaller rate than 
the electron in Problem 32.56does, because in the arcclerator tb: orbit radius is very much larger than in tb: atom., 
so the acceleration is much less. 

Identify and Set t’r: Follow the steps specified in the problem. 

EXECUTE: <■) - £.„c 1 ‘ »in(*,i-nii|. 

<-*.<+*,k ‘" «(,■-«) 

<*), £_<-t>^‘co,(* r r-«) 

(-*•>€ '••co 1 <* 1 *-^),£_. 

. --2£ k\c‘'‘ co*<i . - nil). '-L- - E e *■‘ a co«l .*- ctl ) 
rlr* cV “* 


setting 


rV per 


gives 2Ek;c K 4 cog*, .r - av > - £ c * 4 to cog*, x-av). This will only he true if 


to p \ 2 p 

(b| Tlie energy in the wave is dissipated by the i'R heating of the conductor. 

[«>£. ,£^*,,-..,--1- E- j2<l-72xl0 l «-m._ 6-M „ 0 , [t 


c k t y 2.7(1.Ox 10 * \l/.\u, 

EVALUATE: The lower tlie frequeixy of the waves, the greater rs the distance they can penetrate into a conductor 
A dielectric (smilatorl has a murh larger resistivity and these waves can penetrate a greater distance in these 
materials. 
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33.1. Identify: For reflection, o, -0 A . 

Si:r L’P: The desired path of the ray is sketched in Figure 33.1. 

EXECUTE: land - n,lcm .*o d-50.6°. 0, - 90 3 -d ^ 39.4 ; and 0 = 0=39.4°. 
1 1.5 cm 

Evaluate: The angle of incidence is measured from the norrml to the surface. 



Figure 33.1 


33i IDENTIFY: Foe reflection. 9,-0*. 

SET UP: The angles of incidence and reflection ai each reflection are shown in Figure 33.2. Fee the rays to be 
perpendicular when th^’ cross, a - 90°. 

Execute: (a) 0 -t^-«X) & and // + $*-90°, so P -0 • — * /?-9Cr and a =180*-20. 

<b> 0 = 4(180° = 4(180^-90*1 = 45* . 

EVALUATE: As 0 -> 0*. a -> 180’. This corresponds to the incident and reflected rays traveling in nearly the 
same direction As 0 -> 90°. a -> 0'. This corresponds to the incident and reflected rays traveling in nearly 
opposite directions. 



Figure 33.2 


33-1 
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33.3. 


33.4. 


33.5. 


33.6. 


33.7. 


33.8. 


IDEVIIFY and SET lK Use Eqs.(33.1) and (33.5) to calculate vand A. 

Execute: <■) «-£*»►_£. - " mt _j<n,u>> 

i n 1.47 

,b»^ii-l^l-442nm 

it 1.47 

Evaluate: Light is slower in the liquid than in vxuum. By v - when v is simllcr. A is smaller 
iDt.Mlh: In air. c - /a . In glass. A - — • 


SETUP: r-3.00x|tf nv's 

_ , % , c 3.00x10* m'i 

Execute: (a) A. - — - 


/ 5.80x1(7* Hz 


-5P 


,b>£11^1 .wo™ 

EVALUATE: In glass the light travels slower than in vacuum and the wavelength is smaller. 

iDF.VIltt: n - — . A ——. where x,. is the wavelength in vacuum, 
v n 

SET UP: c - 3.00 X 1 0* mfe. n foe air is only slightly larger than unity. 

.. c 3.00x10" ms t .. 

Execute: <*)«-- - 1.54 

v 1.94 X10* m/s 

(b) ? >t - nA - (1.54)(3.55xIO m)-5.47xl0'm. 

Evaluate: In quart/ the speed is lower and the wavelength is smaller than in air. 
IDEMIFY: A - —. 


SET Up: From Table 33.1. if M = 1.333 and n ^ m =1.501 
Execute: <»> A^n^ - A^n,^ - A t = A dtt 




(438 nm)l ■ ’ - 389 ran 


VL50U 

(b) A>^A.^n 0Sm =(438 nm)(l.333) = 584 ram 
EVALUATE: A. is smallest in benzene, since ;i is largest for benzene. 

iDLNim: Apply Lqs.l 33.2) and (33.41 to calculate 0 and 0. The angles in these equations are measured with 
respect to the normal, not the surfarc. 

(a) SET Up: The incident, reflected and refracted rays are shown in Figure 33.7. 


Execute: o~0 - 42.5’ 
The reflected ray makes an 
angle of 90.0° -0, =47.5° 
with the surface of the class 



(b) n m sin O m = rr k sin^. where the angles are measured from the norrrnl to the interlace. 

ting ,-^!!^-< IOT "“" J - 5 '»-0.4070 

1.66 

0 t = 24.0'' 

The refracted ray nukes an angle of 90.0*-0, = 66.0 : w ith the surface of the glass. 

EVALUATE: The light is bent toward the normal when the light enters the material of larger refractive index. 
IDLNim : Use the distance and time to find th: srved of light in the plastic, n - — 


SETUP: c = 3.00x10* fit's 
.. d 150 m 

Execute: »— 

/ 11.5*10 




v 2.17x10'm s 

Evaluate: In air light travels this same distance in -1- 11 --8.3 

3.00 x 10 in s 
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33 . 9 . 


33 . 10 . 


33 . 11 . 


33.12. 


33 . 13 . 


IDENTIFY and SKI UK Use Snell's law to find the index of refraction of the plastic and then use l:q.(33.11 
calculate the speed rot light in tbc plastic. 

Execute: 


sin 0 -/i v sxn 


sio0 


[ .00 


sin62.7° 

sm4S. r 


194 


n-L «v-i. 43.00x10' mi)/l.l94 - 2.51 x 10" mlt 

V Jl 

EVALUATE: Light is slower in plastic than in air. When tlx light goes from air into the plastic it is bent toward 
the normal. 

IDENTIFY: Apply Snell's law at both interfaces. 

SET Up: The path of the ray is sketched in Figure 33.10. Table 33.1 gives n -1.329 for tbc methanol. 

EXECUTE: (a) At the air-glass interface <I.OO)sin4l 3° - sin a . At the glass methanol interface 
fl.k* sin« -(1.329 Isintf. Combining these two equations gives sin 41.3° * I.329sin0and 0 - 29.S*. 

(b) The same figures applies as for part la), except 0-20.2°. <I.OO»sm4l.3 : - nsin20.2° and n-1.91- 
Evaluate: The angle a is 25.2°. The index of refraction of methanol is less than that of the glass arxl the ray is 
bent away from the normal at the glass -» methanol interface. The unknown liquxl has an index of refraction 
creator than thit of the glass, so the rav is bent toward the normal at the class -> liquid interface. 




Figure 33.11) 

IDENTIFY : Apply Snell's law to each refraction. 

SET UP: Let the light initially be in tlx material with refractive index n and let the final slab have refractive 
index n fc . In port la) let the middle dab have refractive index n,. 

EXECUTE: (a) l u interlace: /j.un/7 - n,sinft. 2 U interface: n, sin ft -« A smft. Combining the two equations 
gives sin ft - fl A »nft.. This is the cquaticei that would apply if the middle slab were absent. 

(H) For iV slabs. n, sin ft -/asm ft. n, sin ft = n 2 sin ft, n s ,sin 0 S : = smft. Combining all these equal isms 
gives n m sin ft - t\ K on ft.. 

EVALUATE: The final direction of travel depends on the angle of incidence in the first slab and the refractive 
indices of the first and last slabs. 

Identity : Apply Sncirs law to the refraction at each interface. 

SET UP: = 1.00. = 1.333. 

EXECUTE: (a) * arcsinj sinft # j - arcsinj -li^sin35.0 : * - 25.5°. 

EVALUATE: (b) This calculation has no dependence on the glass because we can omit that step in the 
chain: an ft,, - Ji tf „. sinft < ^ ■ir^sin^. 

IDENTITY: When a wave pauses from ocx material into another, the number of waves per second that crow the 
boundary rs the sanx on both sides of the boundary, so the frequency does not change. The wavelength and speed 
of the wave, however, do change. 

SET UP: In a material having index of refraction n. the wavelength is A —— where is the wavelength in 


vacuum, and the speed is 


EXECUTE: (a) The frequency is the same, so it is still f. The wavelength becomes A, —so Aj - nA The speed 

ti 

c 


is v 


k /IV. 


(b) The fxequetxy rs still (. The wavelength becomes X - - — -1 — U and the speed becomes 

if 


, c nr 


— i> 

■i 


EVALUATE: These results give the speed and wavelength in a new medium m terms of the original medium 
without referring them to the values in vacuum I or air I. 
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33.14. 


33.15. 


33.16. 


33.17. 




so the angle from the vertical » an additional 15° because of tb: tilt of the surface. Therefore, the angle is 53. 2 \ 
Evaluate: Compared to Example 33.1, 4 is shifted by 15* but the shift in 0 k k only 53-2°-49.3* - 3.9* 
IDENTIFY: The critical angle for total internal reflection is 0 that gives 0 k - 90’ in Snell's law 
SET Up: In Figure 33.17 the angle of incidence 0 ^ is related to angle 0 by 0 + 0 - 90*. 

Execute: (a) Calculate 0 . that gives (\ -90*. n* -1.60. n> - 1.00 so a, sin#. - n k sin# A gives 


Identify: Apply the law of reflection. 

SET UP: The minor in its original position and after bring rotated hv an angle 0 arc shown in Figure 33.14. a is 
the angle through which the refkcted ray rotates when the mirror rotates. The two angles labeled ^ are equal and 
the two angles labeled tf'are equal because of the law of reflection. The two angles labeled 0 arc equal because the 
lines forming cne angle are perpendicular to the lines forming the other angk. 

Execute: ! : nwn the diagram, a - 1# - 2+ - 2 | p* - p)and 0 - p’ - p. a - 2/7. as was to be shown. 

Evaluate: This result rs independent of the initial angle of incidence. 


Figure 33.14 

I DEN l 1FY: Apply « sin 0 - n k sin 0 A . 

SET Up: The light refracts from the liquid into the glass, so *. - 1.70. 0, - 62.0 6 . n K — 1.58 . 

Execute: Hnff, - j ik - j |»n62.0° - 0.950 am! 0, - 71.8°. 

EVALUATE: The ray refracts into a material of smaller ;j. so it is bent away from the normal. 

Identify: Apply Snell's law. 

SET Up: 0 \ and (\ arc measured relative to the normal to the surface of the interlace. 0, - 60.0°- 1S.0 6 - 45.0* . 
Execute: 4-arcsi ■ ’ 7 " na - i^.sin45.0° J -38.2°. But this is the angle from the normal to the surface. 


Identify: 
Set Up: 
Exec he: 


LOO 


(l.6O)sin0.-(I.OO)sin9O\ sin 0 .-and 4*38.7*. 0 - 90*-4 - 51.3°. 

1.60 

|b> it, - 1.60. >i„ - 1333. <l.60mn!). - (I.333>«n90". unO, - and 0, - 56.4 


- 90' - 0 - 33.6 


EVALUATE: The critical angle increases when the ratio increases. 


Figure 33.17 
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33.18. IDENTITY: Since the refractive index of the glass it greater than that of air or water, total internal reflection will 
occur at the cube surface if the angle of incidence u greater than or equal to tlx critical angle. 

SE1 UP: At the critical angle 0 t , Snell’s law gives sin 0. - it 4 , sin 90 c ’ and likewise for water. 

Execute: (a) At the critical angle 0 sin 4 - n M , sin W. 1.53 sin 0 - < I .X> I) andf> - 40.8°. 

<h| Using the some procedure as in part <aL we have 1.53 un 0 4 - 1.333 «n 90° and ff - 60.6*. 

Evaluate: Since the refractive index of water is closer to the refractive index of glass than the refractive index 
of air is, the critical angle for gbss-to- w ater is greater than for ghrss»to<axr. 

33.19. Identity: Use the critical angle to find the index of refraction of the liquid. 

SET Up: Total internal reflection requires that the light be incident on the matcrul with the larger it, in this case 
the liquid. Apply A 4 sin^ — n % sin 0 k w ith a • liquid and h - air. so n # = ^ and ir fc - 1.0. 

Execute: 0 % -0^ x when 0, -^90°, son^sin^ =(1.0>sm90* 

1 1 


" smf/ M sin 42.5 

(a) jt^sinf^ - ir^sin 0 % (a - liquid, b - air) 
• (1.48) sin 3 5.0° 


and A - 58.1° 


(b) Now n si nO - n tin0 k with a - air, b - liquid 




:: a 


n A 1.48 

EVALUATE: For light traveling liquid —* air the light is bent away from the normal. For light traveling air -> 
liquid the light is bent toward the normal. 

33.20. IDI.M1TY: He largest angle of incidence fl»r which any light refracts into the air is the critical angle fee 
water —> air. 

SET UP: Figure 33.20 shows a ray mcxlent at the critical angle and therefore at the edge of tlx ring of light. The 
radius of this circle is r and d - 10.0 m is the distance from the ring to the surface of the water. 

EXECUTE: From the figure, r -<Jun0 0 is calculated from n sin 0 -n.%in0. with et - 1.333. 0 -0 


rr k -1 .X and 0 k ^ 90'. sin = 
A ^ srr* -,t<I 1.3 m>* - 401 m J . 


U.X)»n9 <f 


.333 


uxi 0 -48.6'. r -(10.0 m)tan48.6° -11.3 m 


EVALUATE: When the incident angfc in the water is larger thin the critical angle, no light refracts into the air. 

i 

I 



Figure 33 JO 


33.21. IDENTIFY and SET Up: For glass -> water. O t - 48.7*. Apply Snell's law with 0 -0 tt to calculate the index 
of refraction of the gloss. 

Execute: n 4 %mO M - 4 . tin 90 s *•>". - ‘ ' . -1-7“ 

«n0 ( sin48.7 u 

EVALUATE: For total internal reflection to excur the light must he incident in the material of larger refractive 
index. Our results give tt ri1 > it, in agreement with this. 
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33.22. 


33.23. 


33.24. 


33.25. 


33.26. 


IDCVIIIY: If rx»light refracts out of the glass at the glass to air interface, then the incident ancle at that interface 




Sir UP: The ray has an angle of incidence of 0° at the first surface of the glass, so enters the glass without being 
bent, as shown in figure 33.22. The figure shows that a r 0 m - 90°. 

Execute: (a) For the gla»»air interface 0 -0 (4 , n # -1.52. n t - 1.00 and 0 k = 90*. n sin 0 - n t sin 0 k gives 
<1.0>MHn90 e ) 


11X10 




1.52 


md 0 . = 41.1 . a-9O°-0 u -48.9*. 


(b) Now the second interface is glass *-> water and n ( - 1.333. ir sintf -n k sin^ gives sin 0 U * — 11 ^ n> - 

and 0 M =61.3°. a = 9O°-0 -t =28.7". 

Evaluate: The critical angle increases when the air is replaced by water and ray's are hent as they refract out of 
the glass. 



iDLMlfrY: Apply n m sin 0 m = « A sin 0^. 

SET L’P: The light is in diamond and encounters an interface with air. so n m - 2.42 and n s - 1.00. Ttv largest 
0 . is wkn 0 , = 90'. 

Execute: (2>!2>rin0 ^<l.OO)«n9O“.un0 = _Land 0-24.4“. 

EVALUATE: Diamond has an usually large refractive index, and this results in a small critical angle. 

IDEVYTFY: Snell's law is w,sin0 - ir k sin0 s . i - — 

n 

SET UP: a - air . b - gl»s . 

_ . % t n sin0 <1.001sin57.0° _ . . . _ <\M)smS7Jf , _ n 

Execute: (a) red: n - -s--1.36 . violet jl-1.40. 

*m0, sin3B.l w sin36.7° 

, c 3.(10-10' in's „„ trJ , , c 3.00x10" mi _ ,, . 

|b)icd: v-^ 2.21 x 10* nrt:violc<: v-- =-a2.14x10* mi. 

•i 1.36 .1 1.40 

EVALUATE: n is larger for the violet light are! therefore this light is bent more toward the normal, and the viofct 
light has a smaller speed in the glass than the red light. 

iDf.MltY: When unpoiiri/ed light pusses through a polarizer the intensity is reduced by a factor of land the 
transmitted light is polarized along the axis of the polarizer. When polarized light of intensity is incident on a 

polarizer, the transmitted intensity is / - / <M cos’ d. where d is the angle between the polarization direction of the 
incident light and the axis of the filter. 

SET Up: For the second pnlanzer . For the third polarizer, d - W - 60* - 30 & . 

EXECUTE: (a) At point A the intensity is /, /2 and the light is polarized along th: vertical direction. At point H 
the intensity is (/ o /2)<eos60°l : =0.125/ o , and the light is pnlanzcd along the axis of the second polarizer. At 
point C the intensity is <O.I25/,Kcos30°r' - 0.0938/,. 

(b) Now for the latf filter d -90° and / - 0. 

Evaluate: Adding the middle filter increases the transmitted intensity. 
iDf.vilFY: Apply Sncir* law. 

SET L>: The incidrnt. reflected and refracted rays arc shown in Figure 33.26. 

EXECUTE: Frwn the figure. 0 K - 37.0° aixl n. - n * lA - 1.33 -1.77. 

sin 0. sin 37° 
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33.27. 


33.28. 


33.29. 


Evaluate: The refractive index of f> is greater than that of a, and the rav « brnt toward the normal when i: 
retracts. 



iDt.MltY and SET L’P: Reflected beam completely linearly pnlan/cd implies that the angle of incidence equals 
the polarizing angle, so 0 - 54.5°. Use Eq.<33.8) to calculate the refractive index of the glass. Then use Snell s 
law to calculate the angle of refraction. 

EXECUTE: (a) tan ft, - — gives/? #u , -n„ tanft, - (1. (XI lton 54.5° - 1.40. 
t\ 


(b) n m sin 0 m - sinft A 

. n sinft <1.001 sin 54.5° 
sinft - —---- 

* 140 

EYALl ATE: 


D.5S15 and 0 K - 35.5° 



Note: -0 t and 0, Thus 

* - 180.0° - 54.5° - 35.5° ^ 90.0°: the 
reflected ray and the refracted ray arc 
perpendicular to each other. This agrees 
with Fig.33.28. 


iDt.Mlh: Set / — /,. r 10. where / is the intensity of light fussed by the second polarizer. 

SET L’P: When unpxilan/cd light passes through a polarizer the intensity is reduced by a factor of 4 and the 
transmitted light is polarized along the axis of the polarizer. When fxilanzed light of intensity / >tl is incident on a 
polarizer, the transmitted intensity is / - / <M4 cos’ d • where 6 i% the angle between the polarization direction of the 
incident light and the axis of the filter. 

Execute: <j) After th: tlrvt filter / - L. and the light is polori/cd along the vertical direction. After lb: second 
filter we want / - -1-. so — - j ^ |<cos^)’. cos^ - JlflO and - 63.4*. 


(hi Now the first filter passes the tull mtcnsity /, of the incident light, for the second filter -L - Icecap)' . 
cap - J\7\0 and d-71.6°. 

Evaluate: W hen th: incident light is polarized along the axis of the first filter, ^must he larger to achieve the 
same overall reduction in intensity than when the incidrnt light is unpolanzcd. 

IDENTIFY: From Molus’s law. the intensity of the emerging light is proportional to the square of the cosine of the 
ingle between the polarizing axes of the two filters. 

SET UP: It the angle betw een the two xxes is ft the intensity of the emerging light is / - cof ft 

EXECUTE: At angle ft / - / ra4 c©fft and at the new angle a, 1/ - / r<M cos : a. Taking the ratio of the intensities 

TcosVz . cosft I'casft'l 

gives -; — . which gives us cost/ -■— Solvinu tar a yields a - arccosl —■— 

/«cos 0 / v2 \ \)2 f 

EVALI ATE: Cure full This result is not cos 2 ft 
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33.30. 


33.31. 


33.32. 


33.33. 


IDENTIFY: Hie reflected light is completely polarized when the angle of incidence equals the polarizing angle 

0 ¥ . where tan#, - — 

IT # 

SETUP: n. -1.66. 


66 


EXECUTE: (a) - 1 . 00 . 

1.66 


and 0 - 5X.9 ; . 


(b) * - 1.333. 


1.333 


n-J 


00 

= 51.2°. 


Evaluate: The polarizing angle depends on the retractive indxic* of both materials at the interfere 
IDENTIFY: When unpolari/ed light of intensity' /,. is incident on a polarizing filter, the transmitted light has 
intensity 2/, and is pnlan/ed along the filter axis. When polarized light of intensity /,. is incident on a polarizing 
filter the transmitted light has intensity /, cos* ^ . 

SET UP: For the second filter. # - 62.0° - 25.0° - 37.0". 

Execute: After ihe fail filler the inlemity is 4/, -10.0 W’/m' aiui ihc light i% polarized along the ui* ofthe 
lint filler. The intensity after the sceeod filler Is / - l,co*‘f . where /, - 10.0 \V/m and $ - 57.0". This 
giver / - 6.3K W/m'. 

Evaluate: The transmitted intensity depends cei the angle between the axes of the two filters. 

IDENTIFY: After pissing through the first filter the light is linearly polanzed along the filter axis. After the 
second filter. / - (cos^)*. where ^ is the angle between the axes of the two filters. 

SET UP: The maximum amount of light is transmitted when ^ - 0 . 

Execute: <a> / = /.(cosilsY =0.854/, 

(b> / -/,(cos45.0°r % =0.500/, 

(c> / - /«(a»67.5°)* = 0 146/, 

EVALUATE: As $$ increases toward 90° the axes of th: two filters are closer to being perpendicular to each other 
and the transmitted intensity &crcascs. 

IDENTIFY and SET Up: Apply Eq.(33.7) to polarizers n2 and #3. The light incident on the first polarizer is 
unpolarized, so the transmitted light his hilf the intensity of the incident light, and the transmitted light is 
polarized. 

(a) EXECtm: Th: axes of the three filters are show n in Figure 33.33a. 


W 


r iiV 

-- y-^- 






Figure 3J33i 

After the first filter the intensity is /, - T /, and the light is linearly polarized along the axes of the first polarizer. 
After the second filter the intensity is S 2 - /, cor 0 = (i/ 1 ,)(co*45.0 : V - 0.250/, and the light is linearly polanzed 
along the axis of the secocxl polarizer. After the third filter the intensity is / 4 - /,cos*V - 0.2S0/ | (co*45.0 c y = 
O.I25/ ( and the light is linearly polarized along the axis of the third polarizer. 

(b) The axes of the remaining two filters are shown in Figure 33.33b. 

At 


‘ 


-' fn 


After the first filter the intensity is /, - •/„ and the 
light is linearly polarized along the axis of the first 
polan/er. 


Figure 33.33b 

After the next filter the intensity is /, = /, cos*' ^ - (4/ 0 Kco%90.0= 0. No light rs passed. 

Evaluate: Light IS transmitted tlxvugh all three fibers, but no light is transmitted if the nxddi: pnlarizer is removed. 
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33.34. IDF.NT1FY: Use the transmitted intensity when ail three polair/vrs are present to solve for the incident intensity 
/.,. Then repeat the cakulation with only the first and third polarizers. 

SET UP: For unpolari/cd light incident on a fiber. / - and the light is linearly palan/cd akmg the filtcT Axis. 
For polarized light incident on a filter, / - /^(coet^)*, where /, -4 is tbc intensity of the incident light, and the 
emerging light is linearly polarized along the filter axis. 

Execute: With all three polarizers, if the incident intensity is J„ the transmitted intensity is 

/ - (4/,Kco2i.0'l'(a)iI62.C - 0.256/,. /. - -4^ j - 29J W.'cm*. With only the finl 

jikI third poUrixcn. / - (4/ 1 Kcm62.0°)‘ -0.110/, - (0.110*29! W.«m ; )-J2.2 W.cm'. 

EVALUATE: The transmitted intensity is greater when all three filters are present 

33.35. iDEVniY: The shorter tbc wavelength of light, the mon: it is scattered. The intensity is inversely proportional to 
the fourth power of the wavelength. 

SET L’P: The intensity of the scattered light is proportional to we can write it as / - (constant I a 4 . 
Execute: (a) Siixc / is proportional to l.'x . we have / - (constant I 1 ' A . Taking the ratio of the intensity of the 

red light to that of the green light gives —-—— -1—1 - I ! - 0.374. so / H - 0.374/. 

* ‘ / (constant) [ a* J {665 nm ! 

<b) Following the &imc procedure as in part (a) gives — - ' — - ~ - 2.35. so / v - 2.35/ 

/ V 420 mn } 

Evaluate: In the scattered light, the intensity of the short-wavelength violet light is about 7 times as great as 
that of the red light, so this scattered light will have a blue-violet eoleff. 

33.36. IDENTIFY: As the wave frwit reaches the sharp object, every point on the front will act as a source of secondary 
w’avckts. 

SET Up: Consider a wave front that is just about to go p»t the corner. Follow it along and draw the successive 
wave fronts. 

EXECUTE: The path of the wavefront is drawn in Figure 33.36. 

EVALUATE: The wave fronts clearly bend around the sharp point, just as water waves tend around a rock and 
light waves bend around the edge of a slit. 



Figure 33-36 

33.37. IDENTIFY: Reflection reverses the sign of the component of light velocity perpendicular to the reflecting surface 
but leaves the other components unchanged. 

SET UP: Consider three mirrors. .1 /1 in tbc (xy)-plone. 3/; in tte (r.rbplane. and A/j in the (r.r>-planc. 

EXECUTE: a light rav reflecting from .lf| changes the sign of the r component of the velocity, reflecting from \f; 
changes the a*componcnt. and from.!/»changes the y-componcnt. Thus tte velocity, and hcncc also tbc path, of the 
light beam flips by 180 * 

EVALUATE: Fxamplc 33.3 discusses sonx uses of corner reflectors. 

33.38. IDENTIFY: The light travels slower in the jelly than in tbc air and hence will take longer to travel the length of the 
tube w hen it is filled with jelly than when it ccoitains just air. 

SEE Up: The definition of the index of refraction is n - c/v. where v is the speed of light in the jelly. 

Execute: First get the Icnuth /. of the tube using air. In the air. we have L-CJ- (3.00 x ICf nVs)fK.?2 ns) - 2.616 i 


The speed in the jelly is v - — - <2.616 mV(8.72 ns ♦ 2.04 ns) -2.431 x 

(3.00 x 10* m s) (2 431 x 10* m s) - 1.23 
Evaluate: A hi eh-speed timer would te needed 


:* nv*. n - 1 - 
v 


measure times as short 


few nano seconds. 
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33.39. iDLNim and S»:r UP: Apply Snell's law at each interface. 

Execute: (a) n Jinfl - ir«sin& and n : .sin0 : . sjijsin^. so n,sinlJ, - n t sin 0 3 and sin0. -(Ji,si i\O x )fn k . 

<l>> /?, sin 0 . - n 3 sin#. and n 3 sin# - n x sin 0 ,. so ii,sin# - n t sin O l and the light nukes the same angle with respect 
to the normal in the material that has refractive index n x as it did in part (a). 

(c) Ftf reflection. 0, - 0 m . These angles arc still espial if 0 t bcconxs the incui:nt angle: reflected ray* are also reversible. 
Evaluate: Both the refracted and reflected rays are revcrstfdc. in the sense that if the direction of the light is 
reversed tbrn each of these rays follow* tb: path of the incident ray. 

33.40. iDt.MIfrY: Use the change in transit linx to find the speed »• of light in the slab, and then apply n - — and A - —. 

v If 

s»:r Up: It takes the light an additional 4.2 ns to travel 0.840 m after the glass slab is inserted into the beam 
_ 0.840 m 0.840 m , 0.840 m a _ t _ _ . t _ . 

Execute: ---- (n -1 >-4.2 ns We can now solve for tb: index of refraction: 

c/n c c 

n 11 - • "" I" m s: . ,. , 50 t|k wayr|al h i|Bideofthe g|fl „ b 

0.840 in 2.50 

EVALUATE: Light travels slower in the slab than in air and the wavelength is shorter. 

33.41. iDEMltY: The angle of incidence at A is »o be the critical angle. Apply Snell's law at the air to glass refraction at 
the top of the block. 

SET UP: The ray is sketched in Figure 33.41. 

Execute: For glass -> airat paint A. Snell’s law gives |l 38>sin0 . - (1.00|sin90 ; and # <( - 46.4°. 

= 90’ - 0 U$ - 43.6°. Snell's law applied to the retraction from air to glass at the top of the bkick gives 
(I <)0)sin #, s (| .38)sin<43.6 c '>aod 0 A = 72. I*. 

EVALUATE: If 0 A is larger than 72.1 ’then the angle of incidence at point .*1 is less than tb: initial critical angle and 
total internal reflection doesn't occur. 



33.42. IDF.Min: As the light crows the gla.vs*air interface along AB. it is refracted and obeys Snell's law. 

SET UP: Snell’s law is n 4 sin (K - n% un (K and i? - 1.000 for air. At point B the angle of the prism is 30.0° . 
Execute: Apply Snell’s law at AB. The prism angle at A is 6O.0 3 . so for the upper ray. the angle of incidence at 
AB is 60.0° • 12.0° - 710°. Using this value gives /i, sin 60.0= - sin ?2.0 : and n x - 1.10. For the lower ray. the 
angle of incidence at AB is 60.0 : ♦ 12.0° 8.50° - 80.5°. giving n : sin 60.0° - sin 80.5* and m - 1.14. 
Evaluate: The lower rav xs deflected more than the upper ray because that wav elength bis a slightly greater 
index of refraction than the upper ray. 
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33.43. iDt.MifrY: Circularly pohrized light consists of the superposition of light polarized in t\%o pczpcndicular 
direction*, with a quarter • cycle (90’ ) phase datYcrcnec between the two pnlan/ation component* 

SKI Up: A quarter-wave plate shifts the relative phase of the two perpendicular polan/ution components by 90" 
EXECUTE: In the circularly polarized light the two perpvndocular polarization components are 90° out of phase. 
The quarter-wave plate shifts the relative phase by t90° and then the two component* arc either in phase or 
180 1 out of phase. Either corresponds to linearly polarized light. 

EVALUATE: Either left circularly polarized light or right circularly polarized light is converted to linrorly 
polarized light by the quarter-wave plate. 

33.44. iDLMltY: Apply A. -The number of wavelengths in a distance d of a material is — where A i* th: 

n A 

wavelength in the material. 

SET UP: The distance in glass is d fUtt - 0.00250 m . The distance in air is 


33.45. 


d - 0.01 SO m -0.00250 m -0.0155 m 



EXECUTE: number of wavelength* - number in air • number in glass. 

, _ t . d d 0.0155 m 0.00250 m 

number ot wavelengths —— -t- n -♦- 

A A 5.40x10 m $.40x10 t 


EVALUATE: Without the glass plate the number of wavelengths between th: source and screen is 

-- 3.33 x 10* . The wavelength is shutter in the glass so there are more wavelengths in a distance in 

5.40x10" m * * % 

glass than there are in the same distance in air. 

iDEVIlfrY: Find the critical angle for glass —> air. Light incident at this critical angle is reflected back to the 
edge of the halo. 

SET Up: The ray incident at th: critical angle is sketched in Figure 33.45. 


\ « IIIH 


Figure 33.45 


EXECUTE: Fn>m the distances given in the sketch, tan 


2 . 6 ? mm 
3.10 mm 


-0.8613: 0 -40.7°. 


ii 


Apply Snell'* law to th: total internal reflection 
flu.smga = 1.00sin9CT 


find the refractive index of the glass: n sintf - #i. sin 0 ( 


>3.46. 




53 


sin0 sin 40.7 


Evaluate: Light inrident on the hack surface is also totally reflated if it is mcxletu at angles greater than 0 
If it is inci&nt at tess tlian 0^ it refracts into the air and docs not refVct tuck to the emulsion. 

IDENTIFY: Apply Snells law to the rcfractKin of the light as it passes from water into air. 

5 m 


SETUP: 0 -arctan 


EXEC l It: 0 arcsin 


1.2 r 


51 p . n m * 1.00. n k - 1.333 . 

.(HI 


\nO I - orcsinl —___sm51 | - 36 . Th^eforc. the distance along the txittom ot the 


pool from directly below where th: light enters to where it hit* the bottom is .v - (4.0 m)tan0^ - (4.0 mltan36° - 
2.9 m. -L5mtx-I.5mf2.9m- 4.4 m 

Evaluate: The light ray from the flashlight is bent toward the normal when it refracts into the water. 
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.13.47. IDIMIFY: Use Snell's law lo determine the effect of the hquxl on the direction of travel of the light at it enters 
the liquid. 

SET UP: Use geometry to find the angles of incdcncc and refraction. Before the liquid it poured in the ray alcmg 
your line of sigh* hat the path shown in figure 33.47a. 


tan# ^ V>Cm -0300 
* 16.0 on 

0 4 * 2657 ° 


Figure 33.47a 

After the liqud it poured in. <\ is the tame and the refracted ray pisses through tlx center of the bottom of the 
glass, as shwvn in Figure 33.47b. 


0.250 

16.0 cm 
4*14.04° 


Figure 33.47b 

Execute: Use Snell's law to fund n h . the refractive index of the liquid: 
n m sin 0 m -n A sin#* 

nunO (l.MMsin 26.57°) 
tint), uni 4.04' 

EVALUATE: When tlx light goes from air to liquid (larger refractive index) it it bent toward the normal. 
.13.48. IDEVIIIY: Apply Snell's law to each refraction aid apply the law of reflection at the mirrored bottom. 
SET UP: The path of the ray is sketched in Figure 33.48. The problem asks us to calculate 0*. 

EXECUTE: Apply SnclTs law to the air -> liqud refraction. (1 C0)sin<42.S o ) -(1.63)sin4and 0 S - 24.5°. 
4 - f) * so 0 m - 4 - 24.5°. Stxll's law applied to the liqud air refraction gives 
(1.63)*in<24.5 <> )-(1.00)sin4’and =42.5°. 
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EVALUATE: The light enxrgcs from lb: liquid at the xanv angle from the normal » it entered the liquid 



33.49. IDI.VIIH: Apply Snell’s law to the water -> ice and ice -* air interfaces. 
<a) SET Uf: Conxidd the ray shown in Figure 33.49. 


33.50. 



Figure 33.49 


We want to fitxl the incident angle 0 at 
the water-ice interlace that causes the 
incident angle at the ice-air interface to he 
the critical angle. 


EXECUTE: >cc-air interface: n t un 0 -1.Own90° 
/y^jin 0 „ € ■ 1.0 so smt^ :- 


Hut from the diagram we sec that 0 % so sin 

water-ice interface: sin^ - ji m xin 0 fc 


1 

•Km 


But sin ft-so /j sin 0 - 1.0. sin 0 -0.7502 and 0 - 48.6°. 

"... >-333 

<It> EVALUATE: The angle calculated in part (a) is the critical angle for a water-air interface: the answer would he 
the same if the ice layer wasn’t there! 

Im.Mlh : The incident angle at the prism -♦ water inter fare is to he the critical angle. 


SET L’P: The path of the ray is sketched in Figure 33.50. The ray enters the fvism at normal incxicnce so is not 
bent. For water. - 1.333. 


EXECUTE: From the figure. 0 %t - 45° . /J.sintf, - n % sin 0 k gives sin45" - (I 333)xin90 i . 


1.333 


-1.89. 


sin 45 
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EVALUATE: For lolal internal reflection the ray nwtf he incident in the material of greater refractive index. 
ff »u* > so tliat is ihc case here. 



53.51. IDENTIFY: Apply Snell’s law to the refraction of each ray as it emerges from the glass. The angle of incidence 
equals the angle A - 25.0°. 

Si:r UP: The paths of the two rays arc sketched in Figure 33.51. 



Execute: sin0. - « A sin 0+ 

i» iU sin 25.0°-l.OOsin^ 
sin 0 t - n^sin25.0 : 
si n0 ( a 1.66un 25.0° - 0.7015 
0, = 44.55° 

fl^90.0‘ -0 h ^45.45° 

Then 6 = 90.0° - A - // - 90.0° - 25.0° - 45.45° a 19.55°. The angle between the two rays is 26 a 39.1°. 

EVALUATE: The light is incident normally on the front face of the prism so the light is not bent as it enters the pram 

33.52. IDENTIFY: The ray shown in the figure that accompanies th: prefclem is to be incident at the critical angle. 

SET L’P: O s - 90° The incidmt angle for the ray in the figure is 60° . 

- ,* . (Vsintf /1.62xin60°^ _ -n 

Execute: it. «ntf -/I^infl gives n. - -- - -, -1.40. 

{ »" O, j { sinW ) 

Evaluate: Total internal reflection occurs only when the light is ircident in the mitcrial of the greater 
refractive index. 

33.53. IDF.NIIFY: No light enters the gas because total internal refection must have occurred at the water-gas interface. 
SET Up: At the minimum value of5, the light strikes the water-gas interface at the critical angle. NVe apply 
Snell’s law. n A nnfL - it*. sin#, at that surface. 

EXECUTE: (a) In the water. 0- — -<1.09 mHl.10 m) - 0.991 rad - 56.77°. This is the critical angle. So. using 

R 

the refractive index for water from Table 33.1, wc get n - (1.333) sin 56.77° - 1.12 
<b) <i) The laser beam stays in the water all the time, so 

l - 2RA'-2R1 1-I - P ' U - - (2.20mMI .333 V<3.00 x 10* mi) - 9.7S u 
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33.5*4. 


(ii) The beam is in the water half the time and in the gas the other half of the time 

t m - ——-(UOmKU2H3.<IO- 10*m's)- 4.09n* 
c 

The total time is 4.09 rw ♦ <9.78 ns)'2 - 8.98 ns 

EVALUATE: The gas must he un&r considerable pressure to have a refractive index as high as 1.12. 
iDENTirV: No light enters the water because total internal retortion must have occurred at the glass-water surface. 
SET UP: a little gcomclry tells us that 0is the angle of incidence at the glass-water face in the water. Also. 0- 
59.2° must be th: critical angle at that surface, so the angle of refraction is 90.0°. Snell's law, ii - sin l m - /i k sin 

applies at that class-water surface, and the index of refraction is defined as n - —. 


IXS& 


33.56. 


EXECl’lT: Sill's bw at the glass-water airfare gives n sin 59.2° - < 1.333#1.03). which gives n - 1.55. v - — - 
(3.00 - I0‘ mi>1.55 - 1.93 x 10* mV 

E VALLATE: Notice that 0 is not the angle of incidence at the retlector. hut it is the angle of ircidcncc at the glass 
water surface. 

(a) IDENTIFY: Apply Snell's law to the refraction of the light as it enters the atmosphere. 

SET L’P: The noth of a ray from the sun is skcichcd in Figure 33.55. 


i f-0 - 



from the diagram smrt — 




ft t/i 


aresm 


ft th 


Figure 3335 

Execute: Apply Snell's bw lo the refraction that occur* at the top of the atmosphere: ;i 4 sin0, - n % sin 
a - vacuum of space, refractive, index 1 . 0 ; b — atmosphere, refra^ive index n) 


kiti 0 -it sin 0 -n 




ire hh 


ft Wl 
>\R 


nR 

- aicsin - 

Rtf I 


lh) 


ftr/l 

5.38x|<r m 


Rt A 6.38xIQ* mt20x10' 


Rth 

--0. 


;R 


K + fr 


^ I .<003(0.996881 - 0.99718 


kill! 


Rtfr 
nR 


- arc mu 


-85.47 s 

85.70° 


ft- 

85.70° - 85.47° ^ 0.23* 

EVALUATE: The calculated *5 is about the same as the angular radius of the sun. 

IDENTIFY and SET Lk Follow the steps specified m the problem. 

Execute: <a) Th: distance traveled by th: light ray is the sum of the two diagonal segments: 

d=(»-.l')' 1 .((/ - v| : + >;)' Then the lime taken lo Iravel lhal di.iUncc is t - — - <* 1 ~ ' ' 

c c 

(b) Taking the derivative with respect to a* of the time and setting it to zero yx*lds 

» _ </-»> 

Ju-xy * i-j ’ 

EVALUATE: For any other path between points 1 and 2. that includes a point on the reflective airfare, the 
distance traveled and therefore the travel time is greater than fee this path. 


sin A - sin#, and (f - 
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33.57. 


33.58. 


33.59. 


IDEMIPY and SET Up: Find the distance that the ray travels in each medium. The travel time in cich medium is 
the distance divided by the speed in that medium. 

(a) EXEC LTTE: The light travels a distance Jh? + x ' in traveling tram point A to the interface. Along this path 


the speed of the light is v, so tlx tinx it takes to travel this distance 




The light travels a 


distaixe yjh] *(/ - .*)* in traveling from the interface to point B. Along this path the speed of the light is v\, 

Jh:+u-ir 

so tlie time it takes to travel this distance is ts - -- The total time to go from A to B is 

v : 




|b> ' 2</-.*M-I» = € 


f-x 


nA'-i' r,/A;-(/-i)' 


Multiplying both sides by c gives 


—-;j and—<Hq.33.ll 

l \ v x 


t-x 


Jti+x* v iJh:+0-x? 


I-x 


from l*is.33.55 in the textbook. an« — . and sin/7. — ■ 

^77 ‘ N -v 

So ;t,sinft - msinft, which is Snell's law. 

Evaluate: Snell's law is a result of a change in speed when light goes from one material to another. 
iDEVlltY: Apply SncITs law to each refraction. 

SET UP: Refer to the angles and distances defines! in the figure that accompanies the pcvtolem. 

EXECUTE: (a) For light in air incident on a parallel faced plate. Snell's Law yields: 
irsinft - ;j’sinft - if sin ft - /rsinft sin ft - sin ft ft - ft. 

(b) Adding more plates just adds extra steps in the middle of the above equation that ahvavs cancel out. The 
requirement of parallel faces ensures that the angle ft - ft and the chain of equations can continue. 

(c> The lateral displacenxnt of the beam can be calculated using geometry: 

' - «fft-ft> 


4-Lsit*V -<r\ and L - 


L OS ft 




... . fnsmft) . f sin660°^ . . (2.40 cm>*in<66.(r-30.5*) ... 

d> ft - ores in!-- - aresin - - 30.5° and d -1.62 cm. 

{ n' J I 1.80 ) cos 30.5° 

EVALUATE: The lateral displacenxnt in part (d) is large, of the same order as tlie thickness of the plate 
iDEMItY: Apply Snell's law to each retraction and apply the law of reflection to each refaction. 

SET UP: The paths of rays A and B are sketched in Figure 33.59. Let 0 be the angle of incidence for the 
combined rav. 

EXECUTE: For ray A its final direction of travel is at an angle 0 with respret to the normal, by the law of 
reflection. Let th: final direction of travel for ray B be at angle d with respect to the nornul. At the upper surface. 
Snell’s law gives it, sin# -/JvSintr . The lower surface reflects ray B at angle a . Ray B returns to the upper 
surface of the film at an angle of incidmcc a . Snell's law applied to th: retraction as ray B leaves the film gives 
ris sin a - /?, sin**. Combining the two equations gives it, sin# - n sinp and 0 - d ; the two rays are paralfel after 
thev cmeree from the film 
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Evaluate: Ray 8 is bent tawani th: normal as it enters the film and away from the ixinnal as it refracts out of 
the film 

A fl 



Figure 33-59 

53.60. Identify: Apply Snell's law and the results of Problem 33.5S. 

SET UP: From Figure 3338 in the textbook, it, - 1.61 foe red light and it, - 1.66 for violet. In the notation of 
Problem 33.5S. t is the thickness of the glass plate and the lateral displacement is d. We want tb: ditVercnce in d for 

the two colors of light to be 1.0 mm 0 - 70.0 s . lor red light, n si n0 - sin0* gives sintfj 1 ' l,ni,l, ‘ " 1 

1.61 


ind O' -35.71*. For violet light. sin0‘ 


(1.00)sin700° 


- 34.48° . 


EXECUTE: (a) n decreases with increasing/? . so a is snuller for red thin for blue. So beam a is the red one. 
(b) Problem 33.58 savs d - -— For red light, d - /—-—— 0.6938/ and for violet light. 


*inf7CT-35.4S : } 

cos35.48 ; 


7048/ . d - d. - 1.0 mm gives t 


cos35.71° 
0.10 cm 
>7048 - 0.6958 


9.1 cm 


EVALUATE: Our cumulation shown that the violet light has greater lateral displacement and this is ray h. 
33.61. IDENTIFY: Apply Sneirs law to the two refractions of the ray. 

SET Up: Refer to the figure that arcompanics the problem. 

_ - * . . , t • A « A ( A \ . A + 2a 

EXECUTE: (a) a, si no, - n t sin 0 k gives si n#, - n t sin— Hut O m - —ffl. so sin] —-raj- sin —- — 

At each face of the prism the deviation is a , so 2a - d and sin—--usin—. 


(b) From part (a). 6 - 2arcsin j rising \-A.$ = 2aresin| n.52)sin- '^ 1 J -60.0 : - 38.9°. 

(c> If two colors have different indices of refraction for the glass, then the deflection angles for them will differ: 
d u - 2arcsi n< (|.6l)*ini^l j - 60.0° - 47.2° 

( 60 .cr^ 

= 2nrcan| (l.66)sin—— | - 60.0° = 52.2° :^A<5 = 52.2*-47.2* =5.0* 


EVALUATE: The violet light has a greater refrarlive index and therefore the angle of deviation is greater for the 
violet light. 

33.62. IDENTIFY: The reflected light is totally polari/cd when light strikes a surface at Brewster's angle. 

SET Up: At the plastic wall. Brewster's angle obeys the equation tan 0 p - and Snell's law. 

*in0, - tit. sin#, applies at the air*water surface. 

EXECUTE: To be totally polari/cd the reflected sunlight must have struck the wall at Brewster's angle, tan If - 
Aj/Aj - ( 1.61 >'( l flO> and (\ - 58.15° 

Tins is the angle of incklctxe at the wall. A little geometry tells us that the angle of incidrnce at the water surface 
is 90.(KX 7 5S.15*- 31.85°. Applying Snell's law at the water surface gives 

(1.00) sin31.85° - 1.333 sin 0and 0- 23.3° 

EVALUATE: We have two different principles involved b^e: Reflection at Brewster's angle at the wall and 
Snell's law at the water surface. 
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33 . 63 . 


33.64. 


33.65. 


iDEVIltY and si:r Up: The polarizer passes ^ of the intensity of the unpolari/cd component, independent of p. 
Out of the intensity /,. of the polarized component the polarizer paws intensity I f cot* where #-0 i% the 


angle between the plane of polarization and the axis of the polan/er. 

(a) Use the angle when: the transmitted intensity is maximum or minimum to find 0. Sec 
Figure 33.63. 


' 



Figure 334*3 


EXECUTE: The total transmitted intensity is / - f/, * / cm } (« - Oy. This is maximum wbm 0 - f and from the 
table of data tlus occurs for p between 30 : and 40°. say at 35 c and O - 35°. Alternatively, the total transmitted 
intensity is minimum when p-0 - 90° and from the data this occurs foe P - 125°. Thus. 

0 - p - 90° - 125° - 90° - 35*. in agreement with th: above. 

<b> iDEVtlFY and SET Up: / -2 / p -f S p co* : (+-0) 

Use data at two values of p to determine the two constants /, and /,. Use data w here the /, term is large 
(p - 30° l and where it is small (p - 130°) to have th: greatest sensitivity to both /, and / p : 


Execute: p - 30° gives 24.8 W BT */, -f /,. cos*<30° - 35°) 

24.S W. nT = 0.500/,, + 0.9924/,. 
p - 130° gives 5.2 W tm* = U tt ♦ l f cos 5 (130° - 35°) 

5.2 W/m J -0.54)0/, -f 0.0076/,. 

Subtracting the second equation from the first gives 19.6 W m J -0.9S4S7, and /„ = 19.9 W. m*. And then 
/, = 2(5.2 W.'nf -0.007619.9 \VW))= 10.1 W.m 5 . 

Evaluate: Now thit we have /,, /, and 0 we can verify that / - ±l v + /,.cos*(^ -O) describes that data in th: 
table. 

IDEVIKY: The number of wavelengths in a distance D of material is Of A . where A is the wavelength of the 
light in the material. 

D D I 

SET UP: The condition for a quarter-wave plate is --— ■* — . where we have assumed n x >n% so A : > A . 

4 Ai 4 


Execute: <., *£,*£+! 

A A t 4 




4(/j -/?. ( 


IhlD- 


5.S9xlQ m 


5.14x10 in. 


4i»r l -n i > 4(1.875-1.635) 

Evaluate: The thickness of the quarter-wave plate in part (b) is 614 nm. which is of the same order as the 
wavelength in vacuum of the light. 

I DEV ll^Y: Follow the steps specified in the problem. 

See Up: coHtr - P) -sinasin/J + casacas/7 . sm(cr -//)- xinacas p - cosaxin p . 

Execute: (a) Multiplying Eqi 1) bv sin fi and Eq.(2) by sin a yields: 


X m . . . IT . 

(11: — san // - sin col cos r/sin p - cos sin a sin jS and (21: —sin a - sin cat cos p sin a - coxatf sin p sin a . 


Subtrarlini! yields —- 1: - sin Atf(cos axin p - cos // sin a) 
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33.66. 


33.67. 


(b) Multiplying liq. (1) by co* // and Eq. (2) by cm a yields: 

(l|: —cm p - sin ah’ cosa cos^ - cmcai siiwzcos ^ and (2):—cost/ - sin otfcxis ^cosa - cos av sin Jema . 
a a 

Subtr&rting yields -■- -cos*x(sintf cos/?-sin/fema). 

a 

(c) Squar.ng and adding the results of parts (a t and <b) yields: 

ixxmfl -ysinr/p’ + Lvcos/?-ycasrr) J -^(sinffOos^-Bn //cosr/)* 

Id) Expanding the left-hand side. we have: 

A**'<sin*' p -t cos* //) ♦ y 1 (sin *'a -t cm* a) - 2r>(sin<7sin ft + cosacos//) 

- a*+ y‘ - 2xv<sin/zsin fl t- ccrs a cos//) - .r* -f y“ - 2.vrcou </ - //). 

The right-hind side can be rewntten: tf*(sinacos// - sin//cosa)* - a * sin*(<z - fi\. Therefore. 

Y* +■ y* - 2 at costa - fi) - a m sin‘(a - P). Or, x* -f y } - 2tvcosA' - u* sin* <?. where & - a - fi. 

Evaluate: <e)A* - 0:x*' *y* -2 ay-(*- y )*' -Or>r- y, which is a straight diagonal line 

> 

S -: x 3 -f y * - ^2at = —. which is an ellipse 




♦3’ 


’.which is a circle. This ruttem repeats for tlx remaining phase differences. 


IDENTIFY: Apply Snell s law to each refraction. 

SET L’P: Refer to the figure that accompanies the problem. 

Execute: (a) By the svmmctrv of the trianirks. 0* - fl/. and (t - 0* - 0* - ft 4 . Therefore. 


tint? - n sinfl' =/jxinfl 4 = smtf 4 =fl* - 0 *. 

(■ A > A • 


(b> The total angular drtlectnm of the ray is A - 0* - 0* -f .t - 2fP + fl* -flj - 20* - AO* + z. 
(c) From Snell's Law. sinfl, 4 - n xinD/ ->D‘ - arcsinl i-sinfl 4 I. 


A - 20 * - 4 0* -tr- 20* - 4 arcsin) -sxnfl 4 | + k. 

rt 


d A 

|d)_-D-2- 


irain' —>u\0 


0 - 2 - 








sin*fl| fl6cot‘fl 


4cos* O x -n' -1 + cos' fl . 3cos : fl - -1. cm* fl - -<n J -1). 


|e> For violet: 0 - arccos j ^|-<n* ”0 |-arccoxj ^'-i 1.342* - I) |- 5S.89 : . 

A. . =139.2° rs fl = 40.8°. 


For red fl - arccos j ^(n J -I) | = arecm| ^2.(1.330* -1> |-59.58°. A^ - 137.5° =>fl^ - 42.5*. 

EVALUATE: The angles we have calculated agree w ith the values given in Figure 37.20d in the textbook. 0 is 
larger for red than for violet, so red in the rainbow is higlxr above the hori/cci. 

IDENTIFY: Follow similar steps to Challenge Problem 33.66. 

SET L’P: Refer to Figure 33.20c m the textbook. 

Execute: The total angular defVciion of the ray is 

A = fl/ - fl 4 -f t - 2fl 4 •+ t — 2fl 4 +fl/ - O* = 2fl 4 - 6fl 4 -f 2*. where w e ha\e used the fact from the previous 
problem that all tlx internal angles are equal and the two e.xtemil equals arc equal. Also uang the Snell's Law' 

relationship, we have: 0* - arcsinl —sinfl 4 I. A = 2D* - 6D‘ + 2t - 2D* -6arcsin| -Lsinfl 4 l-t 2*. 
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(/j 5 -1 +co*‘0j>- 9c«w , A . cos ; 0-(«*' -1>. 



Evaluate: The angle* %vc calculated agree with those given in Figure 37.20c in the textbook. The color that 
appear* higher above the horizon k violet. Tlx color* appear in reverse order in a secondary rainbow compared to 
a primary rainbow. 




Geometric Optics 



54.1. iDtvnn and Sr.T Ur: Plane mirror s - -s' (Eq.34.1) and »i - yV y - -if! s - +1 (Eq.34.2X We arc given r 
anl v and arc asked to find t* and /. 

Execute: The object and lmigc are shown in Figure 34.1. 


4 *‘ ,T "il 


L_i 

♦ 

— IV?(|T> — 

*—192 c» —* 


s' * -i = -39.2 cm 

l l H"ll''H* ,),48S cml 

|>-]-4.85 cm 


Fi E urc 34.1 


The image is 39.2 cm to the nght of the mirror and is 4.S5 cm tall. 

EVALUATE: For a plane mirror the image is always the same distance behind tlx mirror as the object is in front 
of the minor. The image always has the same height as the object. 

34.2. iDtvmv: Similar triangle* nv -A=_ - . 

SET L'P: d m = 0.350 nv - 0.0400 m and J,_ - 2* 0 m > 0.350 m. 

EXECUTE: h -)< Av--0.<H0n :! " n ‘" 3.24m. 

O^SOrn 

Evaluate: The irmgc of tlx tree Teamed by the mirror is 2S.0 m behind the mirror and is 3.24 m tall. 

54.3. IDENTIFY: Apply the law of reflection. 

SET Up: If up is the ^direction and right is the ♦a-direction. then the object is at -v 0 )aod /V is at 

Execute: Mirror l flips the (‘•values, so the image is at (^v 4 )which is /f. 

Evaluate: Mirror 2 uses /fas an object and forms an image at /f. 

54.4. Identify: f-R2 

SET L’P: For a concave mirror R > 0. 

Execute: (a) / - — - —-— 17.0 cm 

EVALUATE: <b| The image formation by the mirror is detcriniixd by the law of reflection and that is unaffected 
by the nxdium in which tlx light rs traveling. The focal length remains 17.0 cm. 

54.5. Identify and Set Up: Use Eq.(34.6) to calculate / and use Eq.(34.7) to calculate v. The xmigc is real if / is 
positive and is erect if m > 0. Concave means R and/are positive. R - +22.0 cm;/ - Rtl « +11.0 cm. 

Execute: (a) 

\ Three principal ray’s. 

^^-.A numbered as in Sect. 34.2. 

ptjrc! —** m ^-**^~^ arc ** M>wn * n Figure 34.5. 

_ _ The principal ray diagram 

_—- w shows that the iinage is 

tnuc I\> real, inverted, and 

i - 7 \ / enlarged. 

- -*--/ 

Future 34.5 


34-1 
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34.6. 


34.7. 


34.8. 


34.9. 


KO 


tl6.5cmHll.0cml „ 


. B 


[h) ----- 

T S f 

L 

a'"/ 7 tf s-f 165 cm-110 cm 

s' > ( so real image. 33.0 cm to left of minor vertex 
33.0 cm 
.r 16.5 cm 

EVALUATE: The inside is 33.0 cm to the left of tlx- mirror vertex. It is real. inverted. and is 1.20 cm tall 
(enlarged). The calculation agrees with the image characterization from the principal ray diagram. A coocave 
mirror used alone always forms a real, inverted image if .v >/and the image is enlarged if/< i < 2 J. 

iDEVim: Apply —- —-and m - -—. 

r .s / t 


- -2.1X) {m < 0 means inverted image) |r I- |jt||v| - 2.00<0.600cm>= 1.20 


u 


SET UP: For a convex mirror. R < 0 . R - -22.0 cm and / = —- -11.0 cm . 

EXECUTE: (a) The pancipahray diagram is sketclied in Figure 34.6. 

= cmX-l 1.0 cn.) -_^ 6cm ,-£-^0°.^ 

x £ f s-f 16.5 cm-(-lI.0cm» .r 16.5 cm 

I 1 ! “ | u, |>' “ (0.400 H 0 601 cm I = 0.240 cm . The image is 6.6 cm to the right of the mirror. It is 0.240 cm tall 
r'< 0 ,so the image is virtual. «i > 0 . so th: image is erect. 

EVALUATE: The calculited image properties agree with th: image characterization from th: principal*ray diagram. 



Set Up: / = +1.75m. 

Execute: j»/so s'-/«1.75 m . 
j' 1.75 m 


-3.14x10 “. rl-Ui*^(3.14x10 n X6.794xlO* m)=2.!3x|0 4 m-0.213 mm 


m - --- - 

.v 5.58x10 m 
EVALUATE: The image b real and is 1.75 m in front of th: mirror. 

i 

s 

SET Up; The minor surface is convex so R - —3.0Q cm . s - 24.0 cm - 3.00 cm - 21.0 cm . 


Identify: Apply — --—- an 

s £ / 


|w|y - (0.0667X3.80 mm I - 0.253 mm . 


_ , R 111 r sf (21.0 cm ii-1.50 cm) t . 

Execute: / - — - -1.50 cm. -. s --1.40 cm. The image is 

2 s £ f s-f 21.0 cm-(-1.50 cm) 

1.40 cm behind the surface so it is 3.00 cm -1.40 cm - 1.60 cm from the center of the ornament, on the sanx sxle 

as the object, it--—- ——— +0.0667 . 
x 21.0 cm 

Evaluate: The image k virtual, upright and smaller thin the c^ijcct. 

IDEMIFY: The shell behaves as a spherical minor. 

SET UP: The equation relating th: object and image distances to the focal length of a sphcncal mirror is 

-!• - --- . and its magnification is u.ivcn by m - -L. 

x £ f s 
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34.10. 


34.11. 


Execute: ^- 

.V 1 / .v -I 


cm from the v ertex. 


cm - 6.00 cm 


/ -6.CO cm 1 r I 

m - -— - •-— ~> v - —ll.5 cm} -0.50 cm . The image is 0.50 cm tall, creel, aixl virtual. 

v 18.0 cm 3 3 

Evaluate: Since the magnification is lew than one, th: image is smaller than the object. 

Idem it v : The bottom surface of the bowl behaves as a sphcncal ccmvcx mirror. 

SET L'P: The equation relating lb: object and image distances to the focal length of a sphcncal mirror is 

— ♦ -!-- . and its magnification is given by m - 

.VS'/ 5 


Exec ute 


-2 


/' - -15 cm behind bow l. 


x t 
t 15 cm 
7 90 cm 


/ s' 35 cm 90 cm 

1167 zz / - (0.167x2.0cm>- 0.33 cm . The image is 0.33 cm tall, erect, and virtual. 


EVALUATE: Since the magnification is levs than one. th: image is smaller than the object. 

Identity: We are dealing with a sphcncal mirror. 

SET L’P: The equation relating th: object and image distances to the fixal length of a spherical mirror is 

«!• * --- . and its magnification is given by m - 

.v s’ / j 


Exec t te: <al i-i--—J—L-1--—= = . 

v , < f , fit .«-/ V 

<bl The graph is given in Figure 34 1 la. 

(c) s >0fon >f.x< 0 . 

(dl .v r < 0 for 0 < a < /. 

<c) The image is at negative infinity, ’behind" the mirror. 

(0 At the focal poant. x -/ 

<gl The image is at the mirror, t* - 0 . 

<hl The graph is given in Figure 34 1 lb. 

(i) Erect and larger if 0 •: s < f. 

<j) Inverted if t > /. 

<k l The image is smaller if a > 2/ or * < 0. 

(II As the ctoject is moved closer and closer to the focal point, the magnification increases to infinite values. 
EVALUATE: As the object crosses the focal point, both the image distance and the magnification undergo 
discontinuities. 

n 





<9 



<M 

Figure 34.11 
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34.12. 


34.13. 


[DENI1FY: 




ind <?.’ — 


S»;r Up: With 


'-l'l 


I'I "l'l 

Execute: The graph* are given m Figure 34.12. 

(a) x‘ > 0 fbr - |/|< .r < 0 . 

(b) j*< 0 for s < -1;'| and * < 0 . 

(c) If the object iv at infinity, th: image iv at the outward going focal point. 

(d) If the object iv next to the mirror, then the linage is also at the mirror 
(el The image is erect (mignitlcation greater than /en>) for .* > - |/|. 

(0 The image is inverted (magnification less than zero) for x <—1/|. 

(g) The image is larger than the object Imagnificaticvi greater than one! for -2|/| <x < 0. 

(h) The image is .smaller than the object (magnification less than oncl for t > 0 and s < - 21/1. 

Evaluate: For a real image (x >01. the limgc formed by a convex mirror iv always virtual and smaller than the 
object. 




i ” 


Ill, / s' 

Identify: -♦ — — and n\ -- . 

s x / y x 

SET UP: «i - *2.00 and x - 1.25 cm. An erect image must be v irtual. 

Execute: (a) x 1 --and m - -- For a concave mirror, m can be brger than l.X. For a convex mirror. 

x-f x-f 


\f\-f 


I J - and m is always less than 1 . 00 . Th: minor must he concave ( / > 0 ). 

*+\ f \ 


|b| -1— -—— f - —^ m - - ♦2.X and v' - -2.0Qr. f - -—1—^ _ +2.<MXr - +2.50 cm. 

/ XI x + x X s - 200.v 

R*2f «+5.00cm. 

(c) The princitMl ray dugram ix drawn in Figure 34.13. 
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34.14. 


34.15. 


EVALUATE: The prircipaLrav diagram agrees with the description from the cuuatxins 



SET L’P: For a concave mirror. R > 0. R - 32.0 cm and f -16.0 cm. 

_ ,.11 1 , if < 12.0 cmXl 6.0 cm) 

Execute: <a) -+ — - —. — -4vS.o cm. m - 

x s f x-f 12.0 cm - 16.0 cm 


0 cm 


- t43X>. 


x 12.0 cm 

(b) s' - -48.0 cm . so the image be 48.0 cm to the right of the mirror, i* < 0 so the image is virtual. 

(c> The principal*r*y diagram is sketched in Figure 34.14. The rules for principal rays apply only to paraxial 
Principal rav 2, that travels to the minor along a line that passes through the focus, makes a large angle with 
optic axis and is not deserved well by the paraxial approxinution. Therefore, principal ray 2 is not included 
sketch. 

EVALUATE: A concave minor fixms a virtual invige whenever s < f . 







IDENTIFY: Apply I:q.<34.11 k With R->rn. L] is the appircnt depth 



s s' R 
R (flat surface), jo 

s 7 


iti-o 


CtlCVl 

Figure 34.15 

_ , ns (100X3.50 cm) 

Execute: s = ---2.67 cm 

«, 1.309 

The apparent &pth is 2.67 cm. 

EVALUATE: When the light goes from ice to air (larger to smaller nk it is bent away from the nornvil and the 
virtual image is closer to the surface than the object is. 
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34.16. 


34.17. 


34.18. 


34.19. 


IDIYTIFY: The surface is flat so R -> x and — + — - 0. 

X X 

SET t’P: The light travels from tie fish to the eye, so «, - 1.333 and - I .<10. When the fish is viewed, 
s = 7.0 cm . The fish is 20.0 cm - 7.0 cm - 13.0 cm above the mirror, so the image of th: fish ts 13.0 cm below the 
mirror and 20.0 cm +13.0 cm - 33.0 cm below the surface of the water. When the image is viewed, x = 33.0 cm . 

_ , % . (nA ( 1.00 

Execute: <a) x = -I U - -I- 


\ 1.333 


(7.0 cm) - -5.25 cm . The apparent depth is 5.25 cm. 


(b) x - -1 |.< - -| |(33.0 cm) - -24.S cm. The apparent depth of tie image of the foh in tb: minor is 24.8 cm. 

Evaluate: In each case the appurent depth is less than the actual depth of what is being viewed. 

t 

Idem ttY: — —1-— «i - - Light comes from the fish to the person’s eve. 

si R /j^s 

s»:r Up: R - -14.0 cm . s - +14.0 cm . n m - 1.333 (water). n % »1.00(air). Figure 34.17 shows the object and tb: 
refracting surface. 

_ 1.333 1.00 1.00-1.333 . Iift (I.333K-I4.0 cm) 

EXECUTE: (a)-^-. s --14.0 cm . m - - +1.33. 


<1.001(14.0 cm I 

of the bowl aixl the nugnificaticei is 133. 


14.0 cm x -14.0 cm 

The fish’s imigc is 14.0 cm to the lell of the howl surface so is at the ce 

(b) The focal point is al the image location when x -♦ a?. 4 . - ^it - 1.00. i? k -1.333 . R - +14.0 cm . 

x R 

— ; — - s - -t56.0 cm . t is greater than the diameter of the bowl, so Ihc surface facing the sunlight 

x 14.0 cm 

does not focus lb: sunlight to a point inside tb: bowl. The fixal point is ixitsid: the bow l aixl there is no danger to tb: fish 
Evaluate: In part lb) the rays refract when they exit the howl back into the air so the image we calculated is not 
the final image. 


Water 


F.*h 


Vii 


I4fem 


(®) 



Figure 34.17 


iDCMirV: Apply . 

X x' R 

SET Up: For a convex surface. R > 0. R - +3.00 cm . n. - 1 .00. jl - 1.60. 


Execute: (a) -4 - — t . 

.f R 

S.CO cm to the right of the vertex. 


*-.)«-[■ '- 60 

\ 1.60-130 


(+3.00 cm I - +8.CK) cm . The imigc is 


(b) x - 12.0 cm. 


(c) x - 2.00 cm. 


I .(H) 1.60 1.60-1.00 


12.0 cm r* 3.00 cm 


.60 1.60-1.00 


s' - r 13.7 cm . Tlic imaue is 13.7 cm to the right of tb: vertex. 


s' - -5.33 cm . The image rs 5.33 cm lo Ihc left of the vertex. 


2.00 cm x 3.00 cm 

Evaluate: The imigc can be cither real (s' > 0 ) or virtual (s' < 0 >. depending on tbc distance of tb: object 
from tbc retorting surface. 

iDt.vlltY: The licnusphcrical glass surface forms an image by retortion. The locaticei of this image depends on 
the curvature of the surface and the indices of refraction of the glass and oil. 

SET UP: The image and object distances are related to the indices of refraction and the radius of curvature by the 

equation il.H- 

«• K 
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.14.20. 


.14.21. 


.14.22. 


.14.23. 


„ "< ifj -n 1.45 1.60 0.15 

txrxi i\ : —-lr>--- 

R x 1.20m 0.0300 m 


s-Q 395cm 


x s 

Evaluate: The presence of the oil changes the locatitm of the image. 


if. -«. 
DExnn: -it--- 


_ 

» v % 


x t R 

SET UP: R - -t4.00 cm . = 1.00. n ( -1.60. s - 24.0 cm 

I 1.60 1.60-1.00 

V 


Exec t ti: 


. +14.8cm. 


24.0 cm s 4.00 cm (1.60 H 24.0 cm I 

|i'|- |»|v - (0.385)(l.50 mm) = 0.578 mm. The image is 14 8 cm to the right of the vertex anJ is 0.578 mm tall. 
m < 0 , so the itmgc is inverted. 

EVALUATE: The image is real 

IDENTIFY: Apply Eqx.(34.l 1) and (34.12). Calculate .s’ arc! y. The image is erect if m > 0. 

SET UP: The object and refracting surface are shown in Figure 34.21. 


K - ilXUrr 


1 


V - 1.(0 


» - -24.11 ett 


\ - I to 


Figure 34.2 


;xki-ie: —r — 


xs R 

1.00 1.60 1.60-1.00 
—- 


24.0 


• n 


Multiplying In* 24.0 cm gives 1 .iXt t 


*8.4 


-3.60 


38.4 cm . . 38.4 cm t . c 

-_ -4.60 and .s' - -_- -8.35 cm 

.s’ 4.60 

ns (1.60)(+24.0 cm) 

|»'| - |t||v| - (0.217K1.50 mml - 0.326 mm 

Evaluate: The urage is virtual is < 0) and is 8.35 cm to the left of the vertex. The image is erect (m > 0) and 
is 0.326 mm tall. R is negative sinre the center of curvature of the surface is on the incoming side. 
iDLN I ttv: The hemispherical glass surface forms an image by refaction. The loeatievi of this image depends on 
the curvature of the surface and the indices of refraction of the glass and liquid. 

SET UP: The image and object distances are related to the indices of refraction and the radius of curvature by the 
equation !k + !L-!!l^L . 

Execute: ^ ^ ^ — 


60 


60- 


24 


x s’ R 14.0em 9.1X1 cm 4.00cm 
EVALUATE: The result rs a reasonable refractive index for liquids. 

iDEVlltY: Use -L - in - 1)1 —- — I to calculate f- The apply i * -L - — 

* * f 


R R 


SKI I t: 


EXECUTE: (a)-10.70' —- 

/ U -13.0 cm 

. a/ . (223^0,) ,, 7 . m 


x . R : - -13.0 cm . If the lens is reversed. R t = +13.0 cm and /T -> x. 

I ^ 0.70 . 1 I I j-/ 


11 11 - and / = 18.6 cm. 
13.0 cm x 


/ * 


li)7 cm 


-4.76. 


x-f 22.5 cm -18.6 cm x 22.5 cm 

y _ my - (-4.76X3.75 min i - -17.8 mm The image is 107 cm to the right of the km and is 17.8 mm fall. The 
image is real and inverted. 

1 


{!>)—-<ii-l||--—[and /-18.6 cm. The iinaue is the same as in part (a). 

/ \ 13.0 cm xj 

EVALUATE: Reversing a lens does not chance the focal length of the lens 
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.14.24. 


.14.25. 


.14.26. 


.14.27. 


.14.28. 


1 di.ni ify : — + —--. The sign of S*determines whether llic lens rs converging or diverging. 

x s f 

Set UP: x -16.0 cm. / = -12.0 cm . 

xt' (16.0cmH-l2.0cmi 


tXCTtlE: <ai t 


- -4H.0 cm . /< 0 and the lens k diverging. 


*** 16.0 cm + (- 12.0 cm) 

III v - (0.750H8 50 mni> - 6.3S mm m > 0 and the image is erect. 


/ - 12.0 cm n _._ 

(h) m- ---+4.750. y 

x 16.0 cm 

(c> The principulray diagram is sketched in Figure 34.24. 

EVALUATE: a diverging lens always forms an image that is v irtual, erect and redured in si/e. 





SET UP: The lensmaker’s equation is - — . and the magnification of the lens is m - -— 


* 


Execute: (a) i-f-L=(n-1) — - — 

1 x 1 H R1 24.0 cm t 


+ _L = (1.52 -1) 


-7.00 cm -4.00 cm 
**■=71 .2 cm . to the right of the lens. 


|b> 

x 24.0 cm 


EVALUATE: Since the magnification is negative, the image is inverted. 
IDENTIFY: Apply to relate .v r and s and then use — - —- 


y * 

Set Up: Since the image is inverted. t'<0and m < 


r i / 


v -4.50 cm i , 111. 

Execute: m -- ---1.406. m--— gives / -+1.406*. —- 

v 3.20 cm t x i f 


and *- 154 cm. (1.406X154 cm) - 217 cm . The object is 154 cm to the left of the 


.v 1.406s 90.0 cm 

lens. The image is 217 cm to the right of the lens and is real. 

Evaluate: For a single lens an inverted image is always real 
IDENTIFY: The thin-lens equation applies in thrs case. 

SET UP: The thin - lens equal xm is — + --- . and the maimifaration is <w - . 

i .s' / x v 


Execute: m - — 

y 


I * — - -L=> / - 3.69 cm 

V s’ / 


34.0 mm 


r 

8.00 mm 

— — — 



- 12.0 cm 


v - 2.82 cm. The thin-lens equation gives 


EVALUATE: Since the f<xal length is positive, this is a ccei verging lens. Th: image distanre is nc&itivc because 
the object is inside the focal point of the lens. 


IDENTIFY: Apply *w - - — to relate v and i . Then use — + —-. 

r s x f 


SET Up: Since the image is to the right of the lens, .s' > 0. s '+* » 6.00 m . 

Execute: (a) x - 80.0s and t +■ *' - 6.00 in gives 81.00* - 6.00 m and .s - 0.0741 m. *' - 5.93 m 
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34.29. 


34.30. 


34.31. 


34.32. 


(b) The iinacv is inverted since both the image and object arc real (s' > 0. x >0). 


lo-L-i.- 


f - 0.0732 m. and the km is convcruing 


/ s s 0.0741 in 5.93 m 
Evaluate: The object rs close to th: lens and the image is much farther from the lens. This is typical for slid: 
projectors. 

1 


IDENTIFY: Apply- <n-llj —-— ;. 

Sir UP: For a distant object the umgc is at the focal point of the lens. Therefore, / -1.87 cm . For the double- 
convex kns, R t - -tR and i? : . - -R . where R - 2.50 cm . 

2.50 cm 


Execute: 

/ U -R R 


_ 

If 2(1.87 cm I 


11-1.67. 


EVALUATE: f > 0 and tlie lens is converging. A dnuble*convex lens is always converging. 
Identify and set Ur: Applv — — 


EXECUTE: We have a converging lens if the focal length is positive. which requires 
-(n - II — - — > 0 r> I — - — I > 0. This can occur in one of three w avs: 

/ U r -A U r>) 

(i) /?, are! R. hath positive and R t < R ,. (ii> R t 2 0. R : £ 0 (double convex and planoconvex). 

(iii) /?, and R. both rxgative and |tf|> |# : | (meniscus). The three lenses in Figure 35.32a in the textbook fall into 
these categories. 

We have a diverging kns if the fecal length is negative, which requires 
-(n -1) — - — ' < 0 —> j — - — 1 < 0. This can occur in one of three ways: 

(it rt, and R. both positive and R > R . I meniscus), (lij /?, and R . both negative and |&|>|/? t |. (iiil /?, £ 0, R.kO 
(planoconcave and doiAtle concave). The three lenses in Figure 34.32b in the textbook fall into these categories. 

EVALLATE: The converging lenses m Figure 3432a arc all thicker at the center than at the edges. The diverging 
lenses in Figure 34.32b are all thunrcr at the center than at the edges. 

IDENTIFY and SET Ur: The equations — -t -and m - -—apply to both thin lenses and spherical mimics 

* * / ! 

EXECUTE: (a) TT»e derivation of the equations in Exercise 34.11 is idrnbeal and one gets: 

111 111 
-- 

* S.' f t' f S fi .«-/ * f-s 

(b) Again, one gets exactly the same equatKins for a converging lens rather than a concave miner because the 
equations arc identical. The difference lies in the interpretation of the results. Foe a lens, the outgoing side is not 
that on w hich the object lies, unlike for a mirror. So for an object on the left »dc of the lens, a positive image 
distatxe means that the image is on the right of the lens, and a negative image disiancc means that the image is on 
the left side of the lens. 

(c) Again, for Exercise 34.12. the change from a convex minor to a diverging lens changes nothing in the 
exercises, except for the interpretation of the locaticei of the images, ax explained in part (hi above. 

Evaluate: Concave mirrors and converging leases both have / > 0 . Convex mirrors and diverging lenses both 
have /< 0 . 

IDEMIFV: Apply = 

« «' / y a 

Set Up: f -r 12.0 on and s’ - -17.0 cm . 


.v - 7.0 cm. 


1 


also m - - --- 


11 11 1 

1 

s s f x 12.0 cm 
(-17.0) _ 4 y 

-17.0 cm 

0 X0) cm 

7.2 ‘ ™ 

■*2.4 


- -HJ.34 cm. so the object is 0.34 cm tall, erect, sime side as the 


imace. Th: principal rnv diagram is skctch;d in Ficurc 34.32. 
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34.33. 


34.34. 




tfl.646 


1-263 cm 


/rc - - *1 III - L-J - .- 12.4 mm 

y 1 1 [i| 0.646 

The principal-ray diagram is sketched in Figure 34.33. 

EVALUATE: Virtual image, real object f.s > 0) so image ami object are on umc side of lens 
m > 0 so image is erect with respect to t Yk object. The height of the object is 12.4 mm. 


W—7--TOTT- 2 - 25 - N-l m t ,M12SWU 

(c) The princif\al*ray diagram is sketched in Figure 34.34 
Evaluate: The image is real so the lens must be conv 


Ev aluate: When the obiect is inside the focal point, a converging lens forms a virtual, enlarged image 




n 

N 


imipp F <*jvt 





L J 



Figure 34 J2 

Id* Min: Use Eq.(34.l6) to calculate th: object distance s. »t calculated from Eq.(34.17) determines the size 
and orientation of the image. 

SET L t P: / - -48.0 cm. Virtual image 17.0 cm from lens so x - -17.0 cm 

_ 111 111 a-/ 

Execute: -t-.so-- - - —— 

/ * f * 


X I 

sf (-17.0cmK-48.0cmt 


§r 

-1263 cm 


s'- / -17.0 cm-(-48.0 cm) 
-17.0 cm 


Figure 3433 

IDEMIFY: Apply !--!-L 

x a* / 

Set Up: live »gn of f determines whether the lens is ccmvcrging or diverging, i - 16.0 cm. .s' -1-36.0 cm . Use 
m - -— to find the size and ooentation of the image. 


Execute: (a) / - 


«' ri6.0cm)(36.0cm) 


r-fa 16.0 emi 36.0 cm 

36.0 cm 


1.1 cm . f > 0 are! the kns is converging 


|mli = (125K8.00 mm) - 18.0 mm «i < 0 so the image is inverted 


Figure 3434 
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.14.35. 


34.36. 


34.37. 


34.38. 


34.39. 


34.40. 


Identify: Apply 1 • -L - — 
s y f 

SET UP: The image is to he formed cn ihc film, so /' - +20.4 cm . 

—-!- ss - 1020 cm - 10.2 m 


t 1111 

Execute: - *- 


Sift 20.4 cm 20.0 cm 

EVALUATE: The object distance is much greater than f, so the image is just outside the fixal point of the lens. 

IDEM 1 FY: Apply -Land m - — - 

x s' / y x 

SETUP: x — 3.90 m . 0.085 m. 


Execute: -+- 


v s' 1 3.90 


i‘■ 0.0869m. /---y— 0 P 869 «7SC 

,v 3.90 


-39.0 mm. 


.v 0.085 n 

it will not fit on the 24*mmx 36-mm film. 

EVALUATE: The imigc is just outside the faral point and x * f . To have y - 36 mm. so that the image will lit 

cm the film, s - =* --- ~ -— - 4.1 m . The person would need to stand about 4.1 m from the lens. 

/ -0.036 m 


Identify : [w|-L . 


Set Up: * » /. so j* » /. 

Execute: (a) |mU-«-d|nvU—— 

1 1 “ “ 11 200.000 nun 


;r.ni 


-1.4x10 \ 


(b) |m| - — a — -> in 


v .% 

105 


\ * 


200.000 mm 


-5.3*10 \ 


10 • ,0Pn,m - i.sxio 

1 1 * * 11 200.000 mm 

EVALUATE: The magnitude of the magmlicatxm increases when j increases. 
IDEMIIY: H-likkJ 


Set Up: .s » f . so s' a f . 


53X1 m 


Execute: I/I- — »•* — y -—-<70.7 m)-0.0372 m -37.2 mm. 

1 1 a a 9.50x10 m 

EVALUATE: A \xry long focal length lens is needed to photograph a distant object. 

Idem itY and SET Up: Find the lateral magnification that results in this desired image si/e. Use l:q.(34 17) ti> 
relate m and x and Fq.(34.16) to relate s and .v r t of. 

Execute: (a) We need m - - " *' |M —— - -l.5x 10 4 . Alternatively. m - * ' —— -1.5x10 4 . 


ki 


240 m 


I » / so s' * f 

Then m - -— - -— - -1.5x|0 4 and / Ml.Sx 10 4 )|6O0 m) ^ 0.090 m - *1 mm. 


A smaller/means a smaller f and a smaller m. so with/- 85 mm th: object's image nearly fills the picture 
36 10 m 75 x |Q i Thca aj . in rt 3 3.75x10 and 


|l»YVe need 


9.6 m 


/-(40.0 mK3.75x10 )-0.15 m - 150 mm. Therefore use the 135 mm lens. 

Evaluate: When s * / and s' a /,/ - - f ( v V.v). For the mobile home y's is smaller so a brger/is needed. 
Note that m is vers small: the image is much smaller than the object. 

IDENTIFY: Apply — - —-lo each lens. The image of the first lens sen es as the object for the second kns. 

* * / 

SET UP: For a distant object, s -* «? 

Execute: (a) x t =rcsi' = / = 12 cm. 

110 •*> - 4.0 cm -12 cm - -8 cm. 
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.14.41. 


.14.42. 


.14.43. 


.14.44. 


.14.45. 


^31\ - 24 cm. to the right. 


, 1 1 I I 1 1 

(c) - + — = —=>-+ — - 

5 i / -8 cm s 3 -12 cm 

(d) x - xr>\' - f - 12cm s» -8 0cm- 12cm - -4 cm. — + -—- 

.v * / 


f ■ - 6 cm. 


•4 cm s 3 -12 cm 

Evaluate: In each ease the image of the first lens serve* ax a virtual object few th: second lens, and s 3 < 0. 
IDENTITY: The/numhrr of a lenx ix the ratio of its focal length to its diameter. To maintain the sime exposure, 
the amount of light passing through th: lens during the exposure must remain the same. 

SET UP: The /-number is f/D. 


Execute: (a) /•number - -l- => /• number 


180.0 mm 


/ number ■//I 1. <Thc/*numbcr is an integers 

ti 


16.36 mm 

(b)/l I to/'2.8 ix four steps of 2 in intensity. » one needs 1/16" the exposure. The exposure should be 1/480 s - 
2 . 1 x 10 1 s - 2.1 ms. 

Evaluate: When opening the lenx from/11 to/2.8, tlie area increases by a factor of 16. so 16 times is much 
light is allowed in. Thetefroe th: exposure tine must be decreased by a facte? of 1/16 to maintain the same 
exposure on th: film or light receptors of a digital canera 

iDf.MitY and SET UP: The square of the aperture diameter is proportional to the length of the exposure time 
required. 


< 1 

Execute: I — 
30 


mm 


23.1mm; 1250 

EVALUATE: An increase in the aperture dianxter decreases the exposure time. 
iDENim and SET UP: Apply - + -!-L to calculate .s'. 

' * *' f 

EXECUTE: (a) A real image is formed at the film, so the lens must be convex. 

(b) 1- i. - isoi - _—L and s' - —— with / - +50.00 mm For r - 45 cm - 450 mm sf - 56 mm For 

V / X* s) x-f 

j = s » / - 50 mm. The range of distances between the lens and film is 50 mm to 56 mm. 

EVALUATE: The lens is closer to the film when photographing more distant objects. 
iDf.vIltY: The projector lens can be modeled as a thm km. 

SEE UP: The thin-lens euuatxm ix — + —-. and the magnifcation of the lens is m - - — 

* s f J 


„ . . I I I 1 I I 

Execute: (a)- +--1- 

I X f f 0.150 m 9.00 m 


/ - 147.5 mm. so use a/— 148 mm lens. 


(hi m = - — =>|fvv|-60=» Area - 1.44 mx2.16 m . 

.v 

EVALUATE: The lens must produce a real image to be viewed on the screen. Sirxe the magnification comes out 
negative, the slides to he viewed must be placed upside down in the tray. 

(a) IDENTIFY: The purpose of the corrective lens is to take an object 25 cm from the eye and form a virtual 
image at the eye’s near px>mt. Use I:q.|34.16) to solve for the image distance when th: object distance is 25 cm. 

SET Up: — - +2.75 diopters means / - + m - +0.3636 m (converging, lenx) 

/ - 36.36 cm: x - 25 cm; .s'*? 

.. Ill 

Execute: - - — - — so 

V .. / 


r — 


if (25 em)f36.36emi 


0 cm 


x-f 25 cm-3636 cm 
The cyc* s near point is 80.0 cm from the eye. 

(b) IDENTIFY: The purpose of the corrective lens is to take an object at infinity and form a virtual imigc of it 
the eve's far poant. Use Eq.(34.l6) to solve for the imaee distance when the object is at infinity. 


SET Up: — - -1.30 diopters mean* / - 

/ 130 

/ - -76.92 cm; x = xc s' = ? 


m - -41.7692 m (diverging lens) 


Execute: _+_-_ and x = x ays -L. - — and s' - f - -76.9 cm The eve’s far poant is 76.9 cm from the eve. 

v .•/-«'/ 
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34.46. 


34.47. 


34.48. 


34.49. 


34.50. 


Evaluate: In each ca.sc a virtuil mugc is filmed by Ibe lent. The eye views thix virtual tnvicc instead of the 
object. Tlie object is at a diviance where the eye can’t focus on it. but tbc virtual image ix at a distance where the 
eye can focus. 

IDENTIFY: 5l + HLm!!iZ1L 
X / R 

SET UP: n A =1.00, n A = 1.40. .r- 40.0 cm. / = 2 60 cm. 

1 1.40 0.40 


EXEC i Tt: 


R -0.7 10 cm. 


40.0 cm 2.6*1 cm R 

EVALUATE: The cornea prcMrnts a convex surface to the object, so R > 0. 

IDEN’IIFY: In ca:h case the lens forms a virtual image at a distance where the eye can focus. Power in diopters 
equals 1 // . where/is in meters. 

SET UP: In part <aL s - 25 cm and in part (bL s -> v :. 


Execute: (a) — - i + i--i— -— 

i s x 0.25 m -0.600 


power-- +2.33 diuotcrv 


1 I 1 1 1 

l)>-+ -~ — +- 

/ i X w - 0.600 m 


power-= -1.67 dicaters. 


EVALUATE: a converging lens corrects the near vision and a diverging lens corrects the far vision. 

IDENTITY: When the object ix at the fecal point. 3/ '* In part lb|. apply i r -1-L to calculate t fbr 

f * *' / 

/’ - -25.0 cm . 

SET L t P: Our calculation assumes the near point ix 25.0 cm firm the eye. 

25.0 cm 25.0 cm 


EXECUTE: <a) Angular mau^ification .If 

I 1 


4.17. 


1 1 1 I 


/ 6.00 cm 

t - 4.84 cm. 


x x / x -25.0 cm 6.00 cm 

y 


v , 25.0cm 25.0cm 

- and \f - 


Evaluate: In pan t b». (f - —. 0- 

1 r 25.0 cm ; 

ix at the near point than when the image ix at infinity. 
IDENTIFY: Use I*qxX34.16) and <34.1 T| to calculate / and /. 

(a) SET Up: / = 8.00 cm; .s' -= -25.0 cm; s = 7 

1 1 I I I 1 .s'-/ 

7““7T 

_ sf (-25.0 cmM +8.00 cmI 

Execute: s - —2-, ^6.06 cm 

x -/ -25.0 cm -8.00 cm 

(b) «--l- -- 250c m 425 

x 6.06 cm 

|«t| llJ so K l- Im IIvU (4.125X100 mm) -4.12 mm 


5 17. A/ ix greater when the image 


Evaluate: The lenx alkiws the object to h: much closer to th: eye than th: near paint. Th: lense allows the eye 
to view an image at the rear point rather than the object. 

.s' 


r > 





” 


* 


object. 


SET UP: The object hax angular si/e 0 -»with 0 in radians 


EXEC I TE: f ~ l 1 n " l ‘ 80.0 mm - 8.00cm. 

/ * 0 0.025 rad 

EVALUATE: If the insect is at the nrar point of a normal eye. its aneular xi/e is ——0.0080 rod 




IDEMIF^: Hie thin lens equation applies to the magnifying lenx 

SET UP: The thin lens equatxm ix — + --- 

.s ✓ / 


.34.51. 





54-14 


54.52. 


54.55. 


54.54. 


Chapter 31 


EXEC LIE: The :nvicc is behind the lens, so ./< 0. The thin-Vms equation gives 

f - 4.17 cm. on the same side of the lens as the am. 


1 1 11 1 

1 ^ s =4.17 

* s f X 5.00 cm 

-25.0 cm 


Evaluate: Since ./< 0. the image will be erect 

Identify: Apply I;q.(34.24x 

SET UP: -160 mm * 5.0 mm - 165 mm 


Execute: u) Si - 


(250 mmXf (250 mm)(16S mm) 


fjs (5.00 mmK26.0 mm) 

0.10 mm 0.10 mm 


117. 


(b» the minimum separation is 


3.15x10 ‘mm. 


.1/ 317 

Evaluate: The angular size of the image viewed by the eye when looking through the microscope is 317 tinvs 
larger than if the object is viewed at the near*point of the unai&d eye. 

(a) Identify and Set Up: 



live CJ*P**C 

Figure 5435 

Final image is at x> » the object for the cyepaxe is at its focal point. Ikit the objret for th: eyepiece is the image 
of the objective so the image formed by the objective is 19.7 cm • 1.80 cm - 17.9 cm to the right of the lens. 
Apply liq.(34.16) to the image formation by the objective, solve for the ctojcct distance v. 

/ - 0.8X1 cm; s' => 17.9 cm; i - ? 

i 2 . _ J_ 1 -1- _ 

***' /’“'V *7 

_ *'/ (17.9 cmK+0.800 cm) n 

Execute: i~ -^8.57 mm 

x-/ 17.9 cm -0.800 cm 

(b) SET UP: Use Eq.(34.l7). 

*' 17.9 cm 

Execute: <w.--— --214 

s O.S37 cm 

The linear magnification of the objective is 21.4. 

(c) SET Up: Use Eq.(34.23): U m i .U 1 

25 cm 25 cm 

Execute: 3/.-13.9 

/; 1.80 cm 

3/ -- ntj.l/j (-214)(13.9) = -297 

Ev alu ate: .1/ is not accurately given by (25 cm )*' 1 fiJ\ =311, because the inject is txit quite at the fixal point 
of the objective (s, - 0.837 cm and f, = 0.800 cm). 

IDENTIFY: Eq.(34.24| can be written .1/ - |w |A/ : . - % A/... 

SETUP: .<»/,♦ 120 mm 

Execute: /-16 mm:./ = 120mm + 16mm -136 mm;.* = 16 mm. |re,|- ~~ 1 1 llI> 8.5. 


t 124 


/ - 4 mm : * - 120 mm -t 4 mm - 124 mm; x - 4 mm => Jr.’, | -- 


-■31. 

mm 

i 122 mm 


/ - 19mm120mmr 1.9mm = 122mm;i -1 9mm-> foil--——- 64. 

* 19 mm 

The eyepiece magnifies by cither 5 or 10. so: 

(a) The maximum magnification occurs tor the 1.9*mm objective and lOx eyepiece: 

3/ - |w |A/. -(64X10) = 640. 

(b) The minimum magnification occurs for the 16*mm objective and 5x evcpiecc: 

.»/-HA/.-(8.5X51,43. 

EVALUATE: The smaller the focal length of the ob>cclivc. the greater the overall magnification. 
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34.55. 


34.56. 


34.57. 


34.58. 


34.59. 


Identify: /number-///) 

SetUp: />- 1.02 m 

Execute: A_ 19.0r*/a(|9.0)/>a(19.0Xl.02m) = 194m. 

Evaluate: Camera lenses can also have an/number of 19.0. Tee a canxra lens, both the foral length and lens 
diameter are much smaller, but the/nuirber is a measure of tlteir ratio. 

Identity: For a telescope. 3/ - - A 

fi 

SET CP: f 3 - 9.0 cm . The distance between the two lenses equals /, -f f } . 

Execute: / +• / 2 = 1 M m =» / = 1.80m -0.0900m ^ 1.71 in A/ = -i-- J-i •= -19.0. 

Evaluate: For a telescope. /,»/. 

<a) Identify and SET Up: Use Fq.<34.24), with / -95.0 cm (objective) and / - 15.0 cm (eyepiece!. 

Execute: 3/ - - A ^ _ AAiHl = -6.33 
/, I5.0cm 

<b) IDENTITY and SET Ur: Use Iiq.|34.l7) to calculate y. 


SETUP: .v = 3.00x| 0* m 

- f. - 95.0 cm i since s is serv Large. ./ * / ) 


Execute: m 


0.950 m 


-3.167x10 * 


.v 3.00x|0m 
[v | - H|> | -(3.167x1° 4 Xb0.0 m) - 0.0190 m - 1 90 cm 

(c) IDENTIFY: Use Kq.(34.211 and the angular magnification .1/ obtained in part (a) to calculate if. The angular 
si/e 0 of th: image fornxd by the objoTivc (object for the eyepiece I is its height divided by its distance from the 
objective. 

0.0190 m 

Execute: The angular h/c of the otr,ccl for the eyepiece is 0 - --0.0200 rad. 


:.950 m 


(Note that this is also the angular size of the object for the objective: 0 - 


60.0 m 


} .00x10 m 


- 0.020Q rad. 1 or a thin kns 


tlie object and image hive the same angular si/e and the image of the objective is the object for the eyepiece.) 

M - — (Fq.34.21) so the angular si/e of the image is (7 - MO - -<6.33X002<X1 rad I - -0.127 rad (The minus 
O 

sign shows that the final image is inverted.) 

E VALLATE: The lateral magnification of the objective rs small; the image it forms is much smaller than the 
object. But the total angular magnification is larger than 1.00; the angular size of the final image viewed by the eye 
is 6.33 times larger than the angular size of the original object, as viewed by the unaided eye. 

Idea l itY : Tlie angle subtended by Saturn with the naked eye is th: same as th: angle sufccn&d by the image of 
Saturn formed by th: objective lens (see Fig. 34.53 in th: textbook). 

diameter of Saturn » 

SET UP: The angle subtended by Saturn is 0 - 


^stance 


Execute: Putting in the numbers gives O - — 


l .7 mm 0.0017 m 


-9.4x10 rad-0.0054 : 


/, IK m IK m 

Evaluate: The angle subtended by the final image, fumed by the eyepiece, would he much larger than 0.0054 

Identity: / a R/2 and M =* - A. 

/a 

SET UP: For object and image both at infinity. f *f f 1 equals the distance J between the two mirrors. 

/.a 1.10cm. E a|.30m. 


Execute: 
<b, \m\*L 
Evaluate: 


I) /; - !L ^ 0.650 + /. - 0.661 m. 

9i. 

0.011m 

For a telescope. f % » f \. 
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MM. 


34.62. 


IDEM IIY: He primary mirror forms an image which then act* as the object foe the secondary minor. 
s»:r UP: The equation relating the object ami imacc distanres to the focal Vrngth of a sphencal mirror is 


> * / 

Exile l it: 


Fee the first lnuge (formed by the primary minor): 

1111 


s' f ' V 2.5 m 


— s - 2.5 


i; 


For the second image (formed by the secondary mirror t. the distance between the two vertices is*. Assuming that 
the image formed by the primary mirror k to the right of the secondary minor, the object distance is v - * - 2.5 m 
and the image distance is s' - j ♦ 0.15 m Then:fere we have 

111 I 1 1 


x s f x-2.5 m .v-f 0.15m -1.5 m 

The positive root of the quadratic cquition gives x — 1.7 m. which is the distance between the vertices. 
EVALUATE: Some light is blocked by the secondary* mirror, but usually not enough to make much difference. 

ds 


34.61. iLtMin and Mir 1.P: 


For a plane miner x - -t. i - — and v -so v - -v. 

dt J: 


EXECUTE: The velocities of the object and image relative to the minor are equal in magnitude and opposite in 
direction. Thus both you and your image arc receding from the minor surface al 2.40 m s, in opposite directions. 
Your image is therefore moving at 4.80 m s relative to you. 

E'VALL ATE: The result derives from the fact that fer a plane minor the image is the same distance behind the 
mirror as the object is in front of the miner. 

Identify: Apply the law of reflection. 

SKI Up: The image of one minor can serve as the object for the other minor. 

EXECUTE: (a) There arc three images formed, as shown in Figure 34.62a. 

(b) The paths of rays for each image are sketched in Figure 34.62b. 

Evaluate: Our results agree w ilh Figure 34.9 in the textbook. 





34.63. IDI.MIIY: Apply the law* of reflection for rays from the feet to the eyes and from the top of the head to the eyes. 
SET UP: In F'igurc 34.63, ray 1 travels from the feet of the woman to her eyes and my 2 travels from the top of 
her head to her eyes. The total height of tlx woman is A. 

EXECUTE: The two angles labeled 0 { are equal because of the law of reflection, as are the two angles labeled 
0 .. Since these angles are equal, the two distances labeled y, arc equal and the two distances labeled \\ are equal 
The height of the woman is = 2y ( + 2y\. As the drawing shows, the height of the mimv is h m - y x + y *. 

Comparing, we find thit tt m - h^ f 2. The minimum height required is half the height of the woman. 
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EVALUATE: The height of the image is the sime as the height of the woman, so the height of the image is twice 
the height of the mirror. 



Vlirt* A* 


34.64. Identify: Apply ir — - —and m -. 

X s' ft X 

SET UP: Since the image is projected onto the wall it is real and s' > 0. m - so m is negative and 
m - -2.25.The object, minx* and wall are sketched in Figure 34.64. The sketch shows that s'-x - 4X1 cm 
Execute: m - -2.25 - - — and s' - 2.25a . a'-j - 225 s -s - 4X1 cm and t - 320 cm 


i - 4Xl cm r 320 cm - 720 cm. The mime should be 7.20 m from the wall - + -L - -1 -1----- -1 

x s R 320 cm 720 cm R 

R = 4.43 m. 

Evaluate: The focal length of the mirror is f - R: 2- 222 cm x > f . as it must if the image is to be real 


Wall 



34.65. IDENTITY: We are given the image distance, th: image height, and the object height. Use 1*1(34.7) to calculate 
the otycct distance a. Then use !:q.<34.4) to calculate R 

(a) SEI Up: Image is to he formed on screen so is real image; .s' > 0. Mirror to screen distance is S.OO m. so 

s' - +SOO cm. m - -— < 0 since both a and x arc positive. 
s 
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34.66. 


.14.67. 


.14.68. 


.14.69. 


Execute: H - llj 600 and tn - -60.0. Then - -L gives V ^-L - - :v)l) cm U 413.3 env 

11 i 0.600 cm s m - 60.0 


_ 1 I 2 2 x+Y 

(*>) ^ 17"—r 

A A R R « 


-r ^L. ,2 UV ; cn<H00cmr 2 
li + x'J S00cm-f 13.3cm / 


. u 


Evaluate: R is calculated to be positive, which is comet foe a concave mirror. Also, in part la) s is calculated 
to be positive. as it should be for a real object. 

IDEMISE: Apply — r — r -to calculate s' and then use mj - -to find the height of the irrage. 

x s f s y 

SET Up: For a convex mirror. R < 0. so R - -18.0 cm and / - ^ - -9.fAl cm 

Km,„e: (.) I + i-i. /-X- 1300 ^X- 9 ^cm) mm _S m _-*Man M6axl0 , 

s s' / V-/ 1300 cot-(-9.00 cm) a 1300 cm 

|r'|_ | t |v = (6.8Sx 10 1 )fl .5 m> ^ 0.0103 m - 1.03 cm. 

(b) The height of the image it murh less than the bright of the car. so the car appears to be farther away than its 
actual distance. 

EVALUATE: The image formed by a convex minor is always virtual and smaller than the object. 

112 f 

iDFMltY: Apply — --and m - -—. 

.t s R s 

SETUP: R --t 19.4 cm. 


Execute: (a) -t — - — 


|b> - -- 

X 


s s R 8.0 cm s 19.4 cm 
-46 


t - -46 cm. so the irmge is virtual. 


5. 


the image rs erect, and its height is V - (5.81 v - 15.KM5.0 mm I - 29 mm. 


EVALUATE: (c) When the ft Invent is K cm from the mirror, the image is virtual and cannct be projected onto a wall 

iDt.Vlin: Combine — 1 1 -— and m - -— 

% s' R x 

SETUP: m = -2.50. R? 0. 


EXECUTE: m = - -— r2.50. f = -2.50a - 


s -2.50a R a R 


% - -2.50r - (-2.S0X0.300/?) - -0.750/?. The object is a distance of 0.300/? in frcxit of the mirror and the image 
is a distance of 0.750/? brhmd the mirror. 

Evaluate: For a single minor an erect image is always virtual. 

IDENTIFY and SET UK Apply Eqx.(34.6) and (34.7). For a virtual object x < 0. The image is real if s' > 0. 

Execute: (a) Convex implies R < 0. R - -24.0 cm;/ - /?/2 - -12.0 cm 

111 111 s-f 

— --, so-- —- 

s s’ / s' / r if 

. sf <- 12.0 cm)v 

s-f j +12.0 cm 

s rs negative, so write as 


( 12.0 cm)M 

s - -|i|; s - 4-U\. Thus s > 0 (real imauct for |r|< 12.0 cm. Since j is negative 

12 0 cm-|\| 


this nvans -12.0 cm <s< 0. A real image is foarcd if tl: virtual cbvet k closer to the miner than the &>cux 


(b) m - : real image implies r* > 0 ; virtual object implies s < 0 . Thus m >0 and the image is erect. 

A 
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34.70. 


34.71. 


34.72. 


(c) The principal-ray diagram is ujvcn in Figure 34.69. 



Figure 34.69 

EVALUATE: For a real object, only virtual images arc formed by a convex minor. The virtual object considered 
in this problem must have been produced by son*: other opt»:al element, by another lens or mirror in addition to 
the convex one we considered. 

Identify: Apply — • % - -——. with R -♦ since the surfaces arc flat 

x x R 

SET UP: The image formed by the first interface senes as the object for the second interface. 

Execute: For the waterbcn/cnc interface to get the apfurent water depth: 

i+i-o 

s J 


- 0-7 s =- 7.33 cm. 


6.50 cm .s' 

For the benzene-air interfere, to get the total apparent distance to the bottom: 


A* X* 


1.50 




(7.33 cm r 2.60 cm l V 


EVALUATE: At the watcr*henzcnc interface the light retracts into material of greater refractive index and the 
overall effect is that the apparent depth is greater than the actual depth. 

1 DEM IFY: The focal length is given by —-(/i-l l| —- — I 

/ Ri) 

SET UP: R t - 14.0 cm or ±3.0 cm. R, - 18.0 cm or ±4.0 cm. The signs are determined by the location of th: 

center of curvature for each surface. 


EXECUTE:-- (0.60) 

f l±4.CWcm 18.00 


so f - ±4.44 cm ± 13.3 cm The possible lens shapes are 


sketched in Figure 34.71. 

f\-+\ 3.3 cm; f 3 ^ *4.44 cm: J\ - 4.44 cm; f 4 =-13.3 cm; /, = -13.3 cm; f\ = +13.3 cm; 

/ ? = —4.44 cm; /, = -4.44 cm. 

EVALUATE: /is the same whether the light travels through the fcns from right to left or left to right so for the 
pairs (1.6), (4.5 ) and (7.8) the focal lengths are the same 




IDENTIFY: Apply i. - -L - -L and the concept of pnncmal ravs. 

.t x ' / 

SET UP: x —10.0 cm . If extended harkvvurdt the ray comes from a point on the optic axis 18.0 cm from the lens 
and the ray is parallel to the optic axes after it pastes through the lens. 

EXECUTE: <a) The ray is bent toward the opt*: axis by the km so the lens is converging. 

|b) The ray is parallel to the optic axis after it passes through the lens so it comes from the focal paint: 

/» 18.0 cm. 
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34.73. 


34.74. 


34.75. 


(c) The principil ray diagram is drawn xn Figure 34.72. The diagram shows that the image is 22.5 cm to the left of 
the lens. 

.Ill , if (10.0 cmXl&.O cm) . . _ 

(clI — -? —-gives t ■-- -22.5 cm . the calculated image position agrees with the 

i s ) - *-/ I 0 . 0 cm-I 8 . 0 cm ^ 1 ^ 

principal ray diagram 

EVALUATE: The iimgc rs virtuil A converging lens produces a virtual inxigc when the object rs inside th: focal point. 



iDf.VNtY : Since the truck is moving toward the mirror, its image will also be moving toward the mim>r. 

Set UP: The equation relating the object and image distarxes to the focal Vmgth of a sphcncal mirror is 

— - —-. where / - R2. 

* 1 f 

EXECUTE: Since the mirror is convex,/• R2 — (-1.50 m>2 — 0.75 m. Applying th: equation for a sphcncal 

111 . fs 

mirror gives — + —- ^ t - 

* * f *~f 

, ds ds' ds f" 

l.’sang the chain rule from calculus and the fad that i - dsdt. we hive i --; v - 

dt ds dt ( s-fY 


Solving for i gives i - v 




20.2 m s. 


Tins is the velocity of the truck relative to the mirror, so the truck is reproaching the mirror at 20.2 m's. You are 
traveling at 25 m s. so the truck must he traveling at 25 m's ♦ 20.2 m's " 45 ms relative to the highway. 
Evaluate: Even though the truck and car arc moving at constant speed, the image of the truck is not mov ing at 
constant speed because its location depends on the distance from the mince to the truck. 

iDf.vlltY: In this context, the microscope rust looks at an image or object. Apply — ♦ — - Oto the inugc 

x s' 

formed by refractxm at the top surface of the second plate. In this calculation the objod is the bottom surface of the 
second plate. 

SET UP: The thickness of the second plate is 2.50 n*n r 0.78 mm . and this is s. Th: image is 2.50 mm below 
the top surface, so \ = -2.50 mm . 

s 250 mint- 0.780 
- ---- 

.v .s' s' 


Execute: iL-H-O-aiUl-o 


31. 


v i 


-2.50 mm 


EVALUATE: The object and image distances arc nxasured from the front surface of th: second plate, and the 
image is virtual. 

IDI.VIIIY and SET Ul: In part (a)use — - —-to evaluate ds*yds . Compare to m - In part <b) use 

ss/ s 

— - —-to find the locatxm of the image of each face of th: cube. 

x s R 

EXECUTE: (a) — -t —-and taking its derivative with respect to s we have 0 - —I — ♦ — - — 1 - - —— 

s x f ds \ x x /1 r x ds 

ind-- —ui . Hut- m . so /tp - -m~ linages arc always inverted longitudinally. 

ds s' ds 


(b> (il Front face - + — - — 


s'si 20.00 an 


5 s R 200.000 an r 150.000 cm 
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34.76. 


34.77. 


34.78. 


Rear face; --t- 


* # - 119.96 cm 


5 a R 200.1 W cm f ISQ.Qtt) cm 


(ii) m = -1 _ ,<H - -0.600. m - -m 3 ^ -I -0.600f - -0360. 

.y 2 CXI.000 1 } 

ui) The two face* perpendicular lo the axis (the ftvmt and rear face*): squares with side length 0.600 mm. The 
four faces parallel to th: axis (the side faces): rectangle* with side* of length 0.360 mm parallel to the axis and 
0.^00 mm perpendicular lo the axis. 

Evaluate: Siixc the lateral and longitudinal magnifications have different value* the image of the cube i* not a cube 


lULMltf: nf - drVdvand m - - 


V 


SET UP: Use ^ ^ — - iL—L to evaluate d\ ds 


Ex»:c I TE: ’1l~1 L _ I!:—and taking its derivative with respect to v we have 


A- J I >'* t ff > _*>I dx 

rfsV x t R , 

Hut Ill-/?/, so m' - -ml— 


ds' 

dr x 1 


n ‘ 

-7 —r- m — 

* Ji k /j jl 


EVALUATE: m i* always negative. This mean* that mxiges are alwavs inverted kmuitudinallv. 


iDEMltY and SET UP: Rays that pas* through the hole arc undcflccted All other rays are blocked, m - 

x 

EXECUTE: (a) The rav diagram is drawn in figure 34.77. The rav shown is the only ray from the top of the object 
that reache* th: film, so this ray passes thn>ugh the top of the uragc. An inverted image is formed on the far side 
of the box. no matter how far this side is from the pinhole and no matter how far the object rs from the pinhole. 

, / 20.0 cm . 

(h) s-1.5 m. x -20.0 cm. nt - ---—0.133. y - my -(-0.133X18 cm) - -2.4 cm. The xmigc is 

x 1 50 cm 

2.4 cm tall. 

EVALUATE: a defect of this camera is that not much light energy passe* through the small hole each second, so 
locitt exposure times are required. 



iDEMltY : Apply — - -1—^-1- and in - - —:—to each retraction. Th: overall magnification is m - mpt). 

x s* R n fc r 

SET UP: For the first refraction. R - r6.0 cm. n. - 1 .C*i and n % - 1.60. I or th: second refraction. R - -12.0 cm 

« = 1.60 and ;j a = 1 . 00 . 

EXEC l TE: (a) The image from the left end acts as the object for the right end of the rod. 

a' = 28.3 cm. 


.y a R 23.0 


60 0.60 


6.0 cm 


So the second object distance is x - 40.0 cm - 28.3 cm -11.7 cm m - -1—1 - ----- - -0.769. 

2 V 1.1.60)(23.0) 

fc> The object xs real and inverted. 


(d>^-^ 


1.60 1 -0.60 


s' 1.5 cm. 




•cm a - 12.0 cm 


,.-^1 -- | 1 ^ > I - 1 15 I - I . 5 7 ^, 

rr % x 11.7 

fe) The final image is virtual. and inverted 


«i,m, = I -0.769)( 1.57) = -1.21. 
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.14.79. 


34.80. 


real object for the second surface. 


(0 y»(1.50mm)(-l.2l) = -l.82mm 

Evaluate: The first image is to the left of the second surface, so it serves 
with positive object distance. 

iDEVnFV: Apply Eqs.(34.11) and (34.12) to the refraction as the light enters the rod and as it leaves the rod. The 
image fornxd by the first surface serves is the object for the second surface. The total magnification is 
m \A where m, and arc the magnifications for each surface. 

SET L’P: H>c object and rod arc shown in figure 34.79. 

ofo/in* R. - *6CO cm 

1 mk\ ll» - 


V, - -llOep 


SKi 


Kind 


4 i 




rtfru.<i%V 

likv MX' 


Figure 34.79 

(a) image formed by refraction at first surface (left end of rod|: 
r = *23.0 cm. n s -1.00: n c -1 60: R - +6.00 cm 

Hl+Ol-HZ .H 

x a R 


Exec lie: 


1.60 


60 1.60-1. 


23.0 cm 


6.00 cm 


23-10 


.3 


s' 10.0 cm 23.0 cm 230 cm 230 cm 


t ^ - -fan.3 cm; image is 28.3 cm to right of first vertex. 

Tlus image serves as the object for the refraction at the second surface (right'hand end of rod). It is 
28.3 cm - 25.0 cm - 3.3 cm to the right of the second vertex, for the second surface s = -3.3 cm (virtual object). 

(b) Evaluate: Object is on side of outgoing light so is a virtual object. 

(c) SET L’P: linage feemed by refraction at second surface (right end of rod): 

i = -3.3 cm; n = 1.6ft n =1.00, -12.0 cm 




- n 


Exec ute: 


M 


1.00-1.60 


-3.3 cm .< -12.0 cm 

t = * 1.9 cm; t > 0 so image is 1.9 cm to right of vertex at nght'haml end of rod. 
(d) .<’>0 so final image is real. 

Magnification for first surface: 
it..*' (I.60X+28.3 cm) 

/77 — — — 

V 


- -0.769 


I LOOK *23.0 cm I 

Magnification for second surface: 

ns' (I.60X+1.9 cm) 
tn — — ■ ‘ — - —• 
n k i 


•0.92 


(1.00X-3.3 cm) 

The overall magnification is - m,iw. = (-0.769)00.92) = -0.71 <0 so final image is inverted with respcci 

to the original object. 

(e) >*' = nt ki y =(-0.71X1.50 mm) - -1.06 mm 
The final image has a height of 1.06 mm. 

Evaluate: The two retracting surfaces are not close together and Lq.(34.18)doc% not apply. 

iDEVim: Apply — * —-and m --. The type of lens determines the sign of/. Th: sign of 

x s f y i 

s' determines whether the image is real or virtual. 

SET Up: x = +S.0O cm . .s' = —3.00 cm . is Deprive because the image is on the ran*: side of th: kits» the 

object. 

1 .t+j' ss' (8.00 cm)l -3.00 cm) 


EXECUTE: (a)- 

/ 

diverging. 


iml / - 


s t if 8.00 cm - 3.GO cm 


- -4.80 cm . / is negative so the lens is 
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34.81. 


34.82. 


34.83. 


i -3.00 cm 

(b) m - ------- +0.375 . v - mv - (0.3751(6.50 mm) = 2.44 mm . x <0 and the imigc is virtual. 

x 8.00 cm 

Evaluate: a converging lens can also form a v irtual image, if tbe object distance is less than the focal length. 
Hu! in that ease |vj > 5 and the image would be farther from the lens than the object is. 

Ill . . V x* 

IDF.VI 1 EY: — + —7 -. The type of lens &icrmitxs the sign of/, m - — -= -— The sign of s depends on 

X X f V X 

whether the image is real or virtual, x = 16.0 cm . 

SET L’P: x' - -22.0 cm ; s' is negative because the image is on the same skle of the lens as the cbjcct. 

EXECUTE: <u| — 1—^ and /-— ' lr J “ l ‘ * ~~ 1 L,lli +58.7 cm. /'is positive so the lens is converging 

/ s. s' x + J 16.0 cm- 22.0 cm 

(b> m = - — - - — ~ 11 -1.38. y = my - (1.3SX3.25 mm) - 4.48 mm . .s' < 0 and the image is virtual. 

x 16.0 cm 

Evaluate: a converging lens forms a virtual image when the object is closer to the lens than the fixal point. 

IDFVIIEY: Apply — - —■--- . Use the image distance when viewed from the flat end to determine the 

xx R 

retractive index n of th: rod. 

SET L’P: When viewing from the Hat end. rt m = r , n k = 1.00 and R -> w . When viewing from the curved end. 
tj - it . n »I <10 and R - -10.0 cm . 


Execute: iL.-ii.-0 
X s 


n 

- - 


15.0 


-■ 0 -> n -l .58. When viewed from the curved end of the 

15.0 cm -9.50 cm 9.50 


I- 


5S 


0.51 


n n n-n n 

rod —+ —---- "^ — + —-=»--— - 

.v V R x a' R 15.0 cm x* -10.0 cm 


. and s = -21.1 cm . The image is 21.1 cm 


within the rod from the curved end. 

Evaluate: In each case the image is virtual and an the sanx side of tlx surface as the objeet. 

(a) IliKNTIKV: Apply Snell's law to the refraction of a ray at each side of the beam to find where these rays strike 
the tabic. 

SET UP: The path of a ray is sketched in Figure 34.S3. 



The width of the incident beam is exaggerated in the sketch, to make it easier to draw. Smcc the diameter of the 
beam is much less than the radius of the hrmisphere. angjes fl, and 0 % arc small. The diameter of the circle of 
light formed on th: table is 2.r. Note the two nght triangles containing the angles 0 t and 0 % . 
r - 0 .190 cm is the radius of the incident beam 
R - 12.0 cm is the radius of the glass hemisphere. 

EXECUTE: 0 a and 0 % small imply x*x'; sm 0. - —. %inO K - — *-L 

R R R 

Snell s law: n un 0 =ir xin0. 

* •» » » 

l.’sang the above expressiems for sin*? and sin#* gives n 4 -n* — 

R R 


1 .OOi 0.190 cm) 


267 cm 


fl / - K. V SO 

«* 150 

The diameter of the circle on the table is 2x - 2(0.1267 cm) -0.253 cm. 

(b) Evaluate: R divides out of the expression: the result foe the dumeter of the spot is imirpmdent of the radius R 
of the hmusphere. It depends only on the diameter of the incident beam and the index of refraction of the glass. 
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.14.84. 


.14.85. 


34.86. 


lot vim and SET UP: Treating each of the goblet surface* a* spherical surface*, we have to pass, from left to 

right* through four interlaces. Apply — - —-- to each surface The image formed by ooc surface serves as 

x s R 

the object for the next surface. 

EXECUTE: (a) For the empty goblet: 

^ 'l r.\ - n. 
s i' R 


I 1.50 0.50 . 

— ---- x - 12 cm. 

» s' 4.00 cm * 


r - 0.60 cm - 12 cm - -11.4 cm 


r. =64.6 era+ 6.80 cm - 71.4 cm 


r - 9.31 cm - 0.60 cm - 9.9 


SQ I -0.50 


-11.4cm .< 3.40 cm 
I 1.50 0.50 


- -64.6 cm. 


v' - -9.31cm. 


71.4 cm -3.40 cm 

1.50 l -0.50 


9.9 cm v -4.00cm 


r* = -37.9 cm. The final image is 


37.9 cm - 2(4.0 cm} = 29.9 cm to the left of the goblet, 
(b) For the w ine*filled gablet 


it, n * ~ n . 


v .< 


1.50 0.50 


x - 12 cm. 


\ 4 (10 cm 


r* - 0.60 cm - 12 cm - -11.4 cm 
r 4 - 6.SO cm - 14.7 cm - -7.9 cn 


50 1.37 -0.13 


-11.4cm r, 3.40 cm 
1.37 1.50 0.13 


r, - 0.60 cm - II I cm - -10.5 cm w-* — 


-7.9 cm j, -3.40 cm 

1.50 1 -0.50 

— 

-10.5 cm x\ 


*1 =14.7 cm. 

Jj = 11.1 cm. 

s’ =3.73 cm . The final image is 3.73 cm to the 


. m 


right of the gablet. 

Evaluate: If the object for a surface i* on the outgoing side of the light, then the object i* virtual and the object 
distanrc is nc&itivc. 

Idem in: The image formed by rcfracticei at the surface of the cyv is located by — * ----—. 

s s’ R 


- 0300 and /’ - 2.70 cm - 27.0 mm . The 


SET UP: ji. = 1 .00, n s - 1.35 . R > 0. For a distant object. v*w and - * 0 . 

s 

Execute: (a) o and / = 2.5 cm : —- -—-—and R - 0.64S cm -6.48 mm . 

2.5 cm R 

t nr 1.00 1.35 I.35-I.OO 1.35 

|b} R =0.64S cm and s = 25 cm : -1— ; -- 

25 cm i 0.64S / 

image is farmed behind the retina. 

(c)CalcuLitc .s' far x *cc and R = 0.50 cm : • - —-——— s' = 1.93 cm = 19.3 mm . The imaee is farmed n 

s' 0.50 cm 

front of the retina. 

EVALUATE: The cornea alone cannot achieve focus of both close and distant object*. 

Idem in : Apply — • —--——- and it? = -—to each surface. The overall mignificaticn is »i - m t m 2 . Thr 

xx R ir fc i 

image formed by the first surface is the abject for the second surface. 

SET Up: For the first surface. «, = 1.00 . it, - 1.60 and R = *15.0 cm . For the second surface* /?. - 1.60. 
n ( - 1.00 and £*-*cc. 


Execute: (.) JiSL 

X s' R 12.0 cm s' 15.0 cm 


*’ = -36.9 cm TH: object distance far the far end 


of the rod « 50.0 cm - (-36.9 cm) = 86.9 cm. The final image i* 4.3 era to the left of the vertex of the 


_ it n n - n 1.60 

hemisphcncal surface. — - —- — -- - 

x x R 86.9 cm .v 


— 0 x - -54.3 env 


(b) The magnification is the product of th: two magnifications: 

it?, = --^l = --— = 1.92.= 1.00 => mi = mloi* = 192. 

r1.60X120) 

EVALL ATE: The final imnuc i* virtual, erect and larger than the object 
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34.87. iDEVim: Apply Eq434.11) to tb: image fanned by refraction a! the front surface of the sphere. 

SET L’P: Let n f be the index of refraction of the glxss. The image formition is shown in Figure 34.S7. 





x' - + 2 r. where rixtbc 
radius of the sphere 
n m - 1.00. - it , R - +r 


X x' R 

1 >K n, -1 00 

Execute: _t — -- 

*3 2 r r 

i.i-I; *.1 and,.,= 2.00 
2r r r Ir r 

EVALUATE: The required rcfnxtivc index of the glass docs not depend on the radius of the sphere. 

iDEMltY: Apply — • —7 — 1 -- to each surface. The image of the first surfare is the object for the second 

xx R 

surface. The relation between and x : involves the length d of the red. 

SET L’P: For the first surface. «, -l.OO. n t , - 1.55 and R - +6.00 cm For the second surface, n A = 1.5 5, 
n ( = 1.00 and R - -6.00 cm . 

EXECUTE: Wc have images formed from both ends. From the first surface: 


x x' R 


55 0J5 


25.0 cm 


6.00 cm 


v* — 30.0 cm. 


1.55 


-0.55 


This iinace becomes the ob>ed for the second end — + —-— t: -•- 

x f R d -30.0cm 65.0 cm -6.00cm 

d - 30.0 cm - 20.3 cm => d = 50.3 cm. 

EVALUATE: The final image is real. The first image is 20.3 cm to the right of the second surface and serves as a 
real object. 

34.89. lut.Mih: Tlic first lens forms an image which then acts as the object for the second km. 

SET L’P: The thin lens equal xm is — + —-and the magnification is m - . 

a a / x 


Execute: (a) For the first lens: !+-!- = —=>-!-+ -L-!- 

i x f 5.00 cm x -15.0 cm 

(virtual image). 

(b) For the second lens, .s - 12.0 cm 3.75 cm - 15.75 cm. 

Ill 1 1 1 


s = -3.75 cm , to the left oftbc lens 


x - 315 cm. or 332 cm from tlx* obicct 


x x f 15.75 cm s 15.0 cm 

(c) The final image is real. 

(d) m = -—. »\ - 0.750, = -20.0, = -15.0 o y - -6.00 cm. inverted. 

.T 

Evaluate: Note thit the total magnification is the product of the individual mignifrcations. 

34.90. IDENTIFY and SET UP: Use -L = (»r -1 I to calculate the focal length of the lenses. The image formed 

/ l R . R -.) 

111 . if 

by the first lens serves at the obicct for tlx second lens. m.. - mm.. — •- gives .s' --— 

* *' f *-/ 

Execute: co -- - (0.60>J --- J and / - +35.0 cm. 

/ v 12.0 cm 28.0 cm / 

Lens 1: / = +35.0 cm. i = *45.0 cm. V - ■ %I A- - ^ ° CIw:< 150 cm> = + 158 cm. 

- 1 x — J 450 cm-35.0 cm 


s x 45.0 cm 
to the right of lens 1 arxl is 17.6 mm tall. 


Kir. - (3.5IK5.IXI mini - 17.6 mm. The image of the fust lens is 158 cm 
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34.91. 


(Ii> The image of leas I is 315 cm -158 cm - 157 cm Id \Yk left of lens 2. » +35.0 cm. x 3 - +157 cm. 

r x f\ <l57cmK35.0cm» i! 45.0 cm 


s\ - f 157 cm-35.0 cm 


l4Silan. fiv — 


-0.287. 


157 cm 


m %A - Him. - (-3.5111-0287) - +1.00. The final image is 45.0 cm to the right of kmx 2. The final image is 5.00 
mm tall. m k4 >0 . So the final image ix erect. 

EVALUATE: The final image ix real. It k erect because each km pnxlucex an inversion of the irmge. and two 
inversions return the image to the orientation of the object. 

iDEVIltY and SET L'P: Apply Iiq.(34.16) for each lens position. The lens to xcreen distance in each case is the 
image distance. Th^e are two unknowns, the original object distance v and the focal length / of the lens. But each 
lens positKin gives an equatHm. xo there are two equations for these two unknowns. The object, lens and screen 
before and after tlv lens rs moved are shown in figure .34.91. 


t 


<bp. 

J- 

J* 1 220 or » 

r~ 



- !»*• 


Figu 

re 34.91 


t - a: .s' - 30.0 cm 


1 I I 

■— 

V .s / 

I I 


30.0 cm 


r-xt 4.00 cm; / - 22.0 cm 

l 


111. 
v s’ / 


x +4.00 cm 22.0 cm 


EXECUTE: liquate these two expressions for \»/z 

11 1 l 


x 30.0 cm x r 4.03 cm 


22.0 cm 

l 


r x + 4.00 cm 
k 1 4.00 cm - .t 


22.0 cm 30.0 cm 
30.0-22.0 


;; 11 


nd 


*Xx+4.UJ cml 600 cm x<x+4.Q0 cm) 660 cm 
y* + (4.00 cm^r - 330 cm* - 0 and i- il-400 1 ,/l6.0»K*30)> 


. u 


V must be positive so x - —(-4.1X1 -t 36.55> cm - 16.2S cm 


Then -*- 

x 30.0 cm 


— and--t- 

/ / 1628 cm 30.0 cm 


f = -t 10.55 cm. w hich rounds to 10.6 cm. / > 0: the lenx ix converging. 

Evaluate: Wc can check that x - 16.28 cm and / - 10.55 cm gives s' - 30.0 cm and that 
i =(16.28 -♦ 4.0) cm - 20.28 cm and / - 10.55 cm wvex .s' - 22.0 cm 


.*4.92. IDI.VIUV and S.1 L>: Apply — - A- - — 




X J A 

Execute: 


+ - *V" lr - 

' T “ ~ 

/ x R x /' R 


ind "* ~ "■ 

Th*r*fnrp ' »nil n m __ 

/ * 

r « 

/ r ' * /■• 


ibBdbre. L,L=DlrJJLl ■ LlL -1. 

x x R if x R xx R R 

EVALUATE: for a thin lens the first and sccceid focal lengths are equal 
34.93. (a) IDENTIFY: Use l:q.(34.6) to locate the image fomxd by each mirror. The image fornvd by the first mirror 

serves as the object for the 2 nd mirror. 
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Si:t L’P: The positions of the object and the two mirrors are shown in Figure 34.93a. 
I 2 



\R\- 0.360 m 

!/| = |/?|'2 = 0.l80m 


f. Otttt 


Figure 34.93a 

Exec l IL: Image fanned bv convex mirror iminor •* 1 >: 


convex means /, - -0.180 m; r, = L - x 

_u_ |0 j 0.600-> |<0 

.v,-/, L -x+0.180 m l.0.780m-x\J 

The image is (0.180 m|| " " >>l ,1] —I- ! to the left of mirror VI so is 
\ 0.780 m-x) 

0.600 m .( 0.180 m)( j - Ml 6 m ~ to the left of mirror , 2 . 

10.780 m-x^ 0.780 m-.r 
Image formed bv concave minor (mirror ft2t: 
concav e implies f 3 - -tO.ISO m 
0.576 m*-(0.780 mix 
0.780 m -1 

Ray* return to tbr sourer irtipl>ci «’ - 1 . Using their expression* in s, - . ■ give* 

h~f 

0.576 m’-(0.7S0 mil (0.180 ml! 

0.7*0 m - .1 t -0.1 SO m 
0.601 i' - (0.576 ml«*0.10368 m ; = 0 

.< - (0.5761 J<0.576|-' -4(0.6O0M0.l0568)) m = J_(0.57610288) m 

1.20 1.20 

x -0.72 m (impossible; can t have x>L = 0.600 m) or x = 0.24 m. 

(b| SET L’P: Which mirror is #1 and which is #2 is now reversed form part (a). This is shown xn Figure 34.93b 



L * <U«»n 

Figure 34.93b 

Execute: Image formed by concave minor <mirror >* 11: 
concav e nx*ans - * 0.180 m: x ( - x 

r , ,J t (0.180 mXv 
‘“.v,-/ ( x- 0.180 m 

. (0.ISO mix ..... (0.1S0m>x (0.420 m>x-0.180 m 

The image is -to the left ot mirror 41, so x y - 0.600 m -- - 

x-0.180 m * x-0.180 m x-Q.ISQm 


Image formed bv convex mirror i minor »2 

convex means f 3 — - 0.180 m 

rays return to the source means s\ = /. -x - 0 600 m-x 

111 . 

-r—givvs 

.r * / 

y- 0.180 m 1 I 

(0.420 mu - 0.180 m 0.600 rn - x 0 ISO m 


x-V.l«tum 


.780 tn-x 


(0.420 mlr-0. IWI m* \ 0.1 SO m' - (0.1 SO m)x) 

0.600a* - (0.576 m(x + 0.1036 nf 1 ^ 0 

This is the same quadratic equation as chained in port tat. so again x - 0.24 m. 
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34.94. 


34.95. 


EVALUATE: For x - 0.24 m the image is at the location of the source, both &>r rays that initially trawl from the 
source toward the left and for rays that trawl from the source toward the right 

. fee both the mirror and the lens. 


Identify: i * — - _ gives .s' =- —1_ 
.9 l' f V- f 


SET UP: For the second inuge, the inuge formed by the minor serws as the object for the lens. For the mirror, 

= -f 10.0 cm. For the lens* / - 32.0 cm. He center of curvature of th: mirror is R - 2 f m - 20.0 emto the right 
of the mirror vertex. 

EXECUTE: (a) The principal-ray diagrams from the two images are sketched in Figures 34.94a*b. In Figure 
34.94b, only the inuge formed by the minor is shown. This image is at the location of the candle so the principal 
ray diagram that shows the image formation when the image of the mirror serves as the object for th: lens is 
analogous to thit m Figure 34.94a and is not drawn 

(b) Image formed by th: light that passes directly through the lens: The candle is 85.0 cm to th: left of the lens. 

, sf (SS.O cm H 32.0 cm) ^ y 
x-f 85.0 cm - 32.0 cm 

the lens. x' > 0 so the image is real. jji < 0 so the nrage rs inverted. Inuge formed by the light that first reflects off 
the mirror First consider the image fcvmcd by the mirror. The candle is 20.0 cm to the nght of the minor, so 


cm. ui - --- - -0.6W. This image is 51.3 cm to the right of 

x 85.0 on * 


r - r20.0 cm . .v - 


( 20.0 emit 10.0 cm l 


- 20.0 cm. 




20.0 cm 


x- / 20.0 cm - 10.0 cm x, 

the mirror is at the location of the carxllc. so .v, - -fS5.0 cinand Ss - 51.3 


- — 1 .XI. The image fornxd bv 


20.0 cm 
m. «is - - 0 . 6 IM. - mm. - 


(- LOOK'-0.604)- 0.604 . The second image is 51.3 cm to the right of the lens, s' > 0. so the final image is real. 
m XA > 0 . so the final image is crcci. 

EVALUATE: The two images are at the same place. They arc th: same si/e. One is erect and ooc is inverted. 



<b) 

Figure 34.94 

IDENTIFY: Apply --L to each case. 

sx R 

SET UP: s - 20.0 cm R > 0. Use s' - +9.12 cm to find R For this cakulation. n. - 1.00 and n A - 1.55 . Then 
repeat the caVmlaiion with n -1.33. 


Execute: 


n n ir -n 1.00 1.55 1.55-1.00 

— r-L-—-± gives-+- 

xs R 20.0 cm 9.12 cm R 


R - 2.50 cm . 
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.14.%. 


.14.97. 


33 


1.55 1.55-1.33 


rive* s' = -72.1 cm . The image is 72.1 cm to the left of the surface vertex. 


Then • 

20.0 cm j 2.50 cm 
EVALUATE: With the rod in air the image is real and with the nxl in water the image is v irtual. 

iDE.VIIt^: .Apply — * —-to c>:h Tens. The image formed by tlx first lens serves as the object fee the second 

.r x f 

lens. The local length of the km combination is defined by — + —-In part f b| use — - {n -1 )1 — - — 1 to 


' 


K, K 


calculate/for the meniscus lens and Uk the CCI 4 . treated as a thin lens. 

SKI Up: With two lenses of different focal length in contact, the image distance from the first lens becomes 
exactly minus the object distance for tlx second lens. 

_ . , I 1 1 111 11 1 I | I \ \ I 1 „ tt _ . . 

Execute: (a)— t-^- -—and—+ - -t -U-. But overall for tlx lens 






i -* < u j, h 


system. — -t-=5 —--t—. 

•*, / / /, /i 

(b) With carbon tetrachloride sitting in a meniscus lens, vve have two lenses in contact. All we need in order to 
calculate the system’s focal length is calculate the indiv idual fecal lengths, and then use the formula from part (al. 

for the mcniseus lens — j (it -n — I = (0.5 

l ‘ k * 1 


4.50 cm 9.lttcxn 


D.061 cm 1 and f - 16.4 cm. 


for the CCL : — = <n*-ir I -!—— I-f0.46>' -!-- — U0.051 cm ‘ and f - 19.6 cm 

f m \ R k R> ) \ 9.00 cm to 

--— - 0 112 cm 1 and / = 8.93cm. 

/ /: l 

Evaluate: f - - so/ for the combination is less than either /, or / . 

/i + fi 

Idem : Apply I:q.<34.111 with R -> to to the refraction at each surface, fee refraction at the first surfaee the 
point P serves as a virtual object. 7T»c image formed by the first rcfraclion serves as the object for tlx secood 
refraction. 

SET UP: The glass plate and the two points arc shown in Figure 37.97. 

^ f r plane fares means R -+ to and 

S A 




• • 




Figure 34.97 

EXECUTE: refraction at tlx first 1 left hand 1 surface of the piece of gla 

Tlx rays converging toward paint P constitute a virtual object for this surface, so 

s = -14.4 cm 

n m = 1 . 00 , /i A = 1 . 60 . 

t' - -l-!llli-14.4 cm) 23.0 cm 

l.<)0 

This image is 23.0 cm to the right of tlx first surface so is a distance 23.0 cm -l to the nght of the second surfaee. 
This image serves as a virtual object for the second surface. 
rclhiction at tlx scccod (nght-handt surface of tlx piece of glass: 

The image is at P so r*- 14.4 cm ir 0.30 cm14.7 cm-/, .v--<230 cm-#); n A =1.60; ir, »1.00 .s’ - -—v 

gives I4.7cm-r = -j J(-( 23 . 0 cm-#l>. 14.7 cm-/ - +14.4 cm - 0 . 625 /. 

0.375/ - 0..10 cm and 1 - 0 80 cm 

EVALUATE: The overall effect of the piece of glass is to diverge the ray* and move their convergence point to the 
right. For a real object refraction at a plane surfaee always produces a virtual image, but with a v irtual object the 
imaue can be real. 
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34.98. IDENTIFY: Apply the two equations — + - -—— anil — t ---- 


SET UP: - /?. - « , n A - n . and s\ - -s i . 


Execute: 


-*»- 




V. *, 


s. s. s * f ’ ~ ' R. R 


(b) Comparing the equations for fixal length in and out of air we have 


/(*-i)=/<»/% 




r- 


/ 




Evai.1 ate: When 


%-l./*-/.**' 


should. 


T4.99. iDEMin : /Apply iri-- — 

■ T * / 

SET L ! P: The image formed by the converging lens is 30.0 cm from the converging km*, and becomes a virtual 
object for the diverging lent at a position 15.0 cm to lb: right of the diverging km. The final image is projected 
15 cm ♦ 19.2 cm - 34.2 cm from th: diverging lens. 


EXI'.t HE: —r — » — 


-•=>/- -26.7cm. 


s x' / -15.0 cm 34.2 cm / 

Evaluate: Our cakrulation yields a ne&itive value of/, which should be the case for a diverging lens. 

34.100. IDEVIIFY: The sphcncal mirror form* an image of the object. It forms another image w hen the image of the 
plane minor serves a* an object. 

SET UP: For the convex mirror / - -24.0 cm . The image formed by the plane mirror is 10.0 cm to the nght of 
the plane mirror. » is 20.0 cm -t 10.0 cm - 30.0 cm from the vertex of the spherical minor. 

EXECUTE: The first image fanned by the spherical mirror is the one where the light immediately strikes its 
surface, without bouncing from the plane mirror. 

■U---=*-!-♦ — -!--7.06 cm. and the image height 

.r x' f 10.0 cm ✓ -24.0 cm 

is >' - -—y - -11^(0250 cm) - 0.177 cm. 


The second image is of the plane mirror image is located 30.0 cm from the vertex of the spherical mirror. 

Ill II 1 


xx/ 30.0 cm x -24.0 cm 


i - -13.3cm and the image height is 


= -—.i- - -^1^(0.250 cm! 0 
X 


. in 


Hu: 


Evaluate: Other images arc formed by additional relictions from the two mirrors. 

34.101. IDENTIFY: In th: sketch in Figure 34.101 the light travels upward from th: object Apply Eq.(34.111 with 

R -» « to the refraction at each surface. The urage formed by th: first surface senes as the object for the second 
surface. 

SET UP: The locations of the object and the glass plate arc shown in Figure 34.101. 
al 


* - in 


i - 1,55 


i - I 


X 






For a plan: (fiat) surface 
R->n 






Figure 34.101 


Execute: First refraction <air -> glass): 
n m - l .00, n A = 1.55; x - 6.00 cm 

t - % -- l'^ (6.00cm) - -9.30cm 

if 0 1.00 

The image is 9.30 cm below* the lower surface of the glass, so is 9.30 cm 13.50 cm - 12.8 cm below the upper 
surface. 
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Second refraction (glass -* air 


« ^ 1.55: n» ^ 100. s = + 12.8 cm 

i* - -iv - - —{ 12.8 on) - -8.26 cm 
/?. 1.55 

The image of the page is 8.26 cm below the top surface of the glass plate and therefore 
9.50 cm -8.26 cm - 1.24 cm above the page. 

Evaluate: The umgc is virtual If you view the object by looking down from above the plate, the image of the 
page that you sec is closer to your eye than the page is. 

34.102. IDENTIFY: Light refracts at the front surface of the lens, refracts at the glass-water interface, reftxts from the 
plane minor and passes through the two interfaces again, now traveling in the opposite direction. 

SET L’P: Use the focal Icnirth m air to find the radius of curvature R of the lens uirtares. 


Execute: (a) —-(n-l)‘ 

/ U 40 cm 


At the air lens interface: — • - -— 

a- t R 


-0.521 —1-^/?- 41.6cm. 


-♦ —-1- and jJ - -85 1 cm and i -851 cm 

70.0 cm r. 41.6 cm 


At the lens water interface: 


1.52 1.33 -0.187 . 

—- -f —;-and f. - 491 cm . 

$5 lem is -41.6 cm 


The mirror reflects the image back (since there is just 90 cm between the km and mirror.) So. the position of the 
image is 401 cm to the left of the mirror, or 311 cm to t Yk left of the lens. 

1.33 1.52 0.187 


At the water lens interlace: 


At the lens air interface: 


ind .v - 1-173 cm. 


-311cm a. 41.6cm 


l .52 


-0.52 


-173 cm -41.6cm 


and s' - *47.0 cm. to the left of lens. 


mwa- - ^lY«LYliZ![riL£ — 1 . 06 . 

»..<■ AA Jl to A -851A -311A -m 


(Note all the indices of refraction cancel out.) 

(b) The image is real. 

(c) The image is inverted. 

(d) The final height is y - my - (1.06)1400 mm i - 4.24 mm. 

EVALUATE: The final image is real even though it is on the same side of the lens as the object" 
34.103. iDIMlfrY: The camera lens can he modeled as a thin lens that forms an image on the film. 

SET L’P: The thin-lens euuatxm is — + --. and the magnifcation of the lens is m - - — 

i A / I 

Execute: (., 1 

« i 4 (12.0ml 


I 1 1 I 1 I I 

7 7~7 (7.50 -10 \lv ~ 7 \ 7.50-10 ' j” 7” 0.0350m 


s - 46.7 m. 


(b) To just fill the frame, the magnification must hr 3.00x10 1 so: 

1 \ 1 


i.— l — ,1 

x\ 3.00x10 / f 


"3 s - 11.7 m . 


/ 0.0350 m 

Since the boat is ongmally 46.7 m away, the distance you must move closer to th: boat is 
46.7m- ll.7m-35.Om. 

EVALUATE: This result seems to imply that if you arc 4 times as far, the image is Vt as large on the film 
However this result is only an approximition. and would not be true for very close distances. It is a better 
approximoticei for large distances. 

34.104. IDENTIFY: Apply - + -L - — and m - - — 


SETUP: s+f 
Execute: (a) 


v s / 
.0 cm 


<aV -( 18.0 crab' + 54.0 cm" - 0 so s' - 14.2 cm or 3.80 cm . 


.0cm-* a 3.00 cm 
t - 3.80 cm or 14.2 cm, so the screen mu >1 either be 3.80 cm or 14.2 cm from the object. 
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(H> *-3. 


— --0.268. .v- 14.2cm:n. - - --L1-1 - -3.74. 

14.2 a 3.80 


Evaluate: Since the image is projected onto the screen, the image is real and /' is positive. We avsumed this 
when we wrote the condition j + /'- 18.0 cm. 

34.105. IDEM1FV: Apply F.q.<34.16) to calculate the insane distance for ca:h lens. The image formed by the Is* lens 
serves as the object for the 2nd lens, and the image formed by the 2nd lens serves as the object for the 3rd lens. 
SET Up: The positions of the object and lenses are shown in Figure 34.105. 


1 


1 1 
^’7 


1 - 1 1 .*-/ 
7 / 7 *f 


- +4(10 an - +40UOT1 - + A>0«i 
Figure 34.105 




Execute: lens .♦ l 
s = +80.0 an;/ - +40.0 cm 
. if <4-80.0 cml(+40.0 cm) 


- + 8 Q .0 cm 


i-f + 80.0 cm -40.0cm 

The image fornxd by the first lens is 80.0 cm to the right of the first lens, so it is 80.0 cm - 52.0 cm - 28.0 cm to 
the right of the second lens. 
lens H 2 

i a -28.0 cm;/ - +40.0 cm 

,/ 3 (-28X) cm)(-»40.0 cm) ., l<t „ „ 

i - / -28.0 cm - 40.0 cm 

The image fornxd by the second lens is 16.47 cm to the right of the second lens, so it is 
52.0 cm -16.47 cm - 35.53 cm to the left of the third lens. 
lens n 

i - +35.53 cm;/ - +40.0 cm 

. if <+35.53 cmK+40.0 cm) 

t --- -318 cm 

i-f 05.53 cm-40.0cm 

The final image is 318 cm to the left of the third lens, so it is 31S cm - 52 cm - 52 cm - 80 cm - 134 cm to the left 
of the ctojcct. 

EVALUATE: Wc used the separation between the lenses and the sign convcntxms for x and y* to determine the 
object distances for the 2nd and 3rd lenses. Tbc final image is virtual since the final s' is negative. 

34.106. IDENTIFY: Apply 1 - -L - — and calculate v' for each i. 

y * / 

Setup: / a 90 ram 

Execute: i + -L--L=^-!-+ -L--— 

y y / 1300 mm y 90 mm 

1,1 1 1 1 . rtt , 

- -- 77 -+- -7 A -9 3 


si f 6500 mm a 90 mm 
As - 96.7 nun -91.3 mm - 5.4 mm toward th: film 


EVALUATE: s' -- For f > Oarxl y > f . a' decreases as .< increases. 

*-/ 

near point 


34.107. IDEM1FY and SET UP: The generalisation ot l:q.|34.22) is A/ - 

EXECUTE: <a) age 10. near point - 7 cm 

7 cm 


Jm -ir 

(b) age 30. 
r 14 cm 

/a - 23 " 


3.5 cm 

point - 1 4 cm 
7.0 cm 




near point 

3f 
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(c) age 60 . Dear point - 200 cm 

r 200 cm trtn 

t -- 100 cm 

2.0 

(<l> f - 3.5 cm (from part (a)) and near posit - 200 cm (for60*ycar*old) 


3.5 cm 

(c) EVALUATE: No. The reason / - 3.5 cm gives a larger A/ for a 60-ycar-oW tlian for a 1 Oyearold is that the 
eye of the older [xrson can't focus txi as close an object as the younger person can. The unaided eye of the 60* 
year old must view* a much smaller angular mzc. and that is why the &imc f gives a much larger A/. The angular 
size of the image depends only on/ and is the same for tlx two ages. 

34.108. IDEM in: Use 1 ^ J- - -i to calculate v that gives s - -25 cm . M - — . 

x s f 0 


SET UP: Let the height of the object be v, so U - — and 0 - — 


Execute: (■)- + - — —-- 

Ilfs -25 cm f 


ri25c«w| 
f + 25 cm 


(b) a - arc tan! — j - ■*»( *'1 


(C) " 


\x) \ /(25cm) ; /(25cm) 

yif +25cm) I _ /+25 cm 
/(25 cm I r/25 cm 7 


(cl) If f - 10 cm M 


cm 125 cm 


- 3.5. Hiis is 1.4 times greater than the inaenificaticei obtained if the image 


25 cm 

if formed at infinity (A/ rf = —--2.5). 

Evaluate: (c) Having the tint image form just within the ftxal length puts one in the situation described above., 
where it acts as a source that yields an enlarged virtual image. If the first image fell just outside the second focal 
poant. then the image would be real and diminished. 

LI. 109. iDE.Mitv: Apply — • —-The near point is at infinity, so that is wlxre the image must be formed fee any 

x i f 

objects that are ckisc. 


SET UP: The power in diopters equals —. with/in meters. 

_ 111 1 I 1 ...... 

Execute:-- * -4.17 diopters. 

fix 24 cm -05 0.24 m 

EVALUATE: To focus on closer objects, the power must be increased. 

14.110. IDI.MUY: Apply Itl- ' 1 " . 

xs R 

Set Up: 4 ,«1.00, ^ = 1.40. 

Execute: —!—+ — 141 ■ 277 cm 

36.0 cm i 0.75 cm 


Evaluate: Thrs distance is greater than the normil eye. which has a cornea vertex to rctma distance of about 
2.6 cm. 

34.111. lutMin: Use similar tnangles in Figure .14.63 in the textbook and Fq.(34.l6| to derive the expressions called 
for in the problem. 

(a) SEP Up: The effect of the converging lens on the ray buixllc is sketched in Figure 34.111. 

Execute: From similar 
triangles «n Figure 34.11 la. 
r > 

/, f-d 

Figure 34.11 lu 
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Thu* r‘ - 


f,-d\ 

— 


. UN SVUS tO lx shown. 


(I>> SKI Up: The image at the focal point of the first lens. a distance f to the nght of tlx first lens, senes as the 
object for the sccceid lens. The image is a distance t\ - d to the right of the second lens. » x 3 - -if - J) - d - f. 

EXECUTE: /. - - < ‘ / ~ /|IA 

' W, J -/rh 


f <0 jo |/,| - -/. anil «; - y‘ . — , jj. wu n> he shown. 


(c) SET Up: The effect of the diverging lens on the ray bundle is sketched in figure 34.11 lb. 

Execute: From similar 
triangles in the sketch. — 



Thu* ’l-L 

< < 


Irom I Sc mull' of pan I a). —-:— Combining the two result' give' —--— 

r i ftft~ d *S 

_, (V‘\ . as was to be shown. 

(<1 > Set Up: Put the nunxrieal values into the expression derived in part (c). 


Execute: / - 




1 - 12.0 cm. 1 / 1 - 18.0 ein. so f - “ 1> 

1 1 6 . 0 cm + <f 

i - 0 gives / - 16.0 cm; maximum f 
i - 4.0 cm gives / - 21.6 cm: minimum/ 

216 enr 


/ = 30.0 cm savs 30.0 ein -- 

6.0 cm -t d 

6.0 cm ♦ d - 7.2 cm and d -1.2 cm 

EVALUATE: ('hanging d produces a range of effective focal lengths. The effective fecal krngth con he both 
smaller and largcT than /, + |f 2 |. 

14.112. IDENTITY: |W|-£. 0- 

SET Up: Since the image formed by the objective is used as the object for the cycpoecc. \\ - v*. 

Execute: |a/U 


>■: 

. and (Y - 

_ 

This gives 1.1/1 - 

*’ • 

/, 


A 





A f. 


»•; /. 


h f 


A 





>•.« *; 


A A 


A 

' • |l/| 56 J 


ciutsKle the eyepiece focal point. 

Now the distance from the mirror vertex to th; lens rs + s* - 49.3 cm. and so 


I + ±-±^ 

A •'1 A ‘ 


- 12.3 cm Thus vve have a final image which is real and 12.3 ein from 


1.20 cm 1.33 ein 

the eyepiece. (Take care to cany plenty of figures in the calculation because two close numbers are subtracted. I 
Evaluate: Eq.(34.25) gives |l/1 - 40 . somewhat larger than |\f | for this telescope. 

34.113. iDEMin and Si:r UP: The image formed by the objective rs the object for the eyepiece. The total lateral 
magnification is m . - mm,.f -8.00 mm (objective); f - 7.50 cm (eyepiece) 
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.14.114. 


.14.115. 


(a) Hi locations of the object, lenses and screen are shown in Figure 34.11.1. 



KTMtl 


Execute: Find the object distance /, lor the objective: 
s' = ♦ IS.O cm./, - 0.800 cm. s t - ? 


< / 


Vi 


*7. ( 18.0 cmX 0.800 cnl 


0.8372 cm 


18.0 cm - 0 . 


. m 


Find the object distance x 3 for the eyepiece: 
s\ = *200 cm. (. - 7.50 cm *> = ? 




, . 4f t ■ ( 2»onK7^0i„ ., Wim 

* 200 cm -7.50 cm 

Now we calcuhtc the magnification far each lenx: 


nr — 


"M- 

*« 

0 8372 cm 


.. 200 Cm = .„ 67 

S t 

7.792 cm 

m \A -*"I|T» 

-(-21.50H-25.67) - 


(b> From the sketch we can see that the distance between the two lenses is x[ s 3 - 18.0 cm -f 7.792 cm - 25.8 cm 
Evaluate: The mKra scope is not being used in the conventional way: it nxrely serves as a two*lens system. In 
particular, the final lrmge formed by the eyepiece in the problem is real, not v irtual as is the case normally for a 
microscope. I:q.(34.23) dees reit apply here, and in any event gives the angular not th: lateral magnification. 

IDENTIFY: For ii and if as defined in Figure 34.64 in the textbook. .1/ - — 

ii 

SET UP: f s is negative. From Figure 34.64. the length of the telescope is /, -f . 

V V V j|* f 

Execute: (a) From the figure, u - —and u' - -—- - -— The ancular magnification is .1/-——. 

fi \fi\ fi " " fi 




95.0 cm 
6.33 


- -15.0 cm. 


(c> Tlie length of the telescope is 95.0 cm - 15.0 cm - 80.0 cm. compared to the length of 110 cm for the telescope 
in Fxcnrisc 34.57. 

EVALUATE: An advantage of this construction is that the telescope is somewhat shorter. 

iDEVim: Use i t- - — to calculate s (the distance of each point from the km*k for points .1. 8 and C 
S s f 

SET Up: Tbc object and lens are shown in Figure 34.115a. 

Execute: (a)Far point -- 

A A 


s -36.0 cm. 


45.0 cm r 20.0 cm 


v’ - 15.0 cm) - -12.0 cm. so the image of point C is 36.0 cm to the right of the lens, and 

i 45.0 
12 . 0 cm below the axis. 

For point A: s - 45.0 cm♦ S.(»emfeaf 45^1 - 50.7 cm . 


1 1 ! 

i*7 m j 


s' - 33.0 cm. —r - 15.0 cm -8.00 cm(sin45*» - -6.10 cm. 

45.0 


50.7 cm .s 20.0 cn 

so tlie image of point .1 is 33.0 cm to the right of the lens, and 6.10 cm below the axis. 
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3-4.117. I D(. vim: The distance between image and object can be calculated hv taking the derivative of the separation 
dislaixc and minimizing it. 

Si:I UP: Foe a real image .s' > 0 and the distance between the object and the image is D -s +s'. For a real 
image mint hav e s> f . 

Excel It: D - .v-t ./but s' - —— o D - s t —--— 

s-f s-f V-/ 

dD d( s' \ Is s 3 s*-2sf , 

— - — ----- - 0 . s m - 2 s) - D. j(*- 2 n- 0 . s - 2 1 is the volution for whit 

* *U-/J *-/ •«-/» i.-/)- 

s > f . For s - 2/ . s' s 2f . Therefore, the minimum separatim is 2 f + 2f — 4/ . 

<b> A graph of Of/* versus i// it sketched in Figure 34.117. Note that the minimum does occur for l) - 4/ . 
Evaluate: If. tor example, s = 3/S2. then s' - 3/ and D = .r+/- 4.5 f . greater than the minimum value. 


Cl. s 3 - 2s) - 0. s(s - 2 f) - 0. s - 2/ is the volution for which 



Figure 34.117 

34.118. Idem in and SET Ur: For a plane mirror. ./ - -s . 

Execute: (a) By the symmetry of image production, any image must be tlx same distance D as the object from 
the mirror intersection point. But if the images and the c&jcet arc equal distances from the mirror intersection, they 
lie on a circle with radius equal to D. 

<l>) The center of the circle lies at tbc minor intersection as discussed above. 

<c) The diagram is sketched in Figure 34.1 IS. 

EVALUATE: To see the image, light from tlx object must be able to reflect from exh mirror and reach the 
person's eyes. 


image I 


nrvip: 


34.119. IDEMIPV: Apply — • — - --— to rcfracticei at tbc conxa to find where the object foe the cornea mast be in 

s s' R 

order for the image to he at the retina. Then use it--!-L to calculate f so that tbc lens produces an image of a 

s / f 

distant object at this point. 

SET L T P: For refraction at the cornea. - 133 and ;i A - 1.40. The distance from the cornea to the retina in this 
model of the eye is 2.60 cm. From Problem 34.46. R - 0.71 cm. 

Execute: (a) People with ixinnal vision cannot focus on distant objects under water because the image is 
unable to be focused in a short enough distance to form on tlx retina. Iiquiv*alently. the radius of curvature of the 
normal eye is about five or six times too great for focusing at the retina to occur. 

<b) When intrcxlucmg classes, let’s first ccotsidcr what happens at the eye: 

n /l *-n. 1.33 1.40 0.07 . ....... . . , 


2.6 cm 0.71 cm 


- -3.02 cm. That is. the object for tlx cornea must be 3.02 cm 


behind the cornea. Now. assunx tlx glasses are 2.00 cm in front of tlx eye. so s' - 2.00 cm + =• 5.02 cm 




34-tt C hjpicr 34 


— t-- gives —-t-- and t'- 5.02 cm. His rs the focal length in water, but to 

V. .V f { rn 5.02 cm r 


get it in air. we u*e 


the formula from Pt client 


34.9K: f t - f ‘ ,lfc> -(5.02 cm I L ' 2 1 " % 

1.333(1.52-1) 


1.35 cm. 


EVALUATE: A converging lens is needed. 





IDEVV1FY: Compare the path difference to the wavelength. 

Set Ip: The separation beaten sources is 5.00 m. so for points between the sources the largest possible path 
difference is 5.00 m 

EXECUTE: (a) Tor constructive interference the pith difference is mA. m - 0, ± I, ± 2.... Thus only the path 
ditTerencc of zero is possible. Hu occurs midway between the two sources, 2.50 m from A. 

(b) For destructive interference the path ditVercnce is (mi + 4)** mj - 0. r L ± 2_ 

A pith ditTerencc of ±A/2 - 3.00 m is possible but a path difference as large as 3/./2 - 9.00 m is not possible. For 
a point a distance x from A and 5.00 - x from B the path ditTciencc is 

x - (5.00 in - x :). x - (500 m - x) - +3.00 m gives x - 4.00 m. x - <5.00 m - x) - -3.00 m gives x - 1.00 m . 
EVALUATE: The point of ccmstnictivc interference is midway between the points of destructive interference. 
IDENTIFY: For destructive interference the pith ditTerencc is (m + ±)?. % m = 0,11,±2, .... The longest wavelength 
is for mi - 0 . For constructive interference the path ditfcreixc is mA. m - O.tl. i2«... The longest wavelength is 
for mi a I. 

SET t’P: The path difference is 120 m. 

Execute: (a) For destructive interference — - 120 m => A- 240 m 

a 

(b) The longest wavelength for constructive interference is A - 120 m 
Evaluate: The path ditTerencc dtxsn't depend on the distaixc of point O from B. 

IDLVIIFY: Use c - f A to calculate the wavelength of the transmitted waves. Compare tlx difference in the 
distance from .1 to P and from B to P For constructive interference this path ditTerencc is an integer multiple of the 
wavelength. 

SET UP: Consider Figure 35.3 

The distaixc of point P 

* f from each coherent source 

» —» P B 

# • # is r. = v and 


9.0Q m - x. 


Figure 35.3 


Execute: The path difference is r g -r A = 9.00 m - Ir. 

r k~ r *~ m *' m ± *• 2 — 

c 2.998x10* m s 


c x/rvis* III in 

*~7 120x1011/ 


2.50 ni 


Titus 9.00 m-2x = mi(2.50 ml and x - 


9.00 m-ri( 230 ml 


4.50 m -(1.25 mint, xmust lie in the range 0 to 


9.<X) m since P is said to be between the two antennas. 
«-0 gives x-4.50m 
m - +1 gives v - 4.50 m -1.25 m - 3.25 m 
n? - +2 gives x - 4.50 m - 2.50 m - 2.00 m 
m - +3 gives x - 4.50 m - 3.75 m - 0.75 m 
trt - -1 gives x - 4.50 m ^ 1.25 m - 5.75 m 
m - -2 gives v - 4.50 m♦ 2.50 m - 7.00 m 
m - -3 uives x - 4.50 m ♦ 3.75 m - 8.25 m 


35-1 
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35.4. 


35.5. 


35.6. 


All other values of « give value* of x out of the allowed range. Constructive interference will occur for 
.r -0.75 m. 2.00 m. 3.25 m. 4.50 m. 5.75 nv 7.00 m. and 8.25 m. 

Evaluate: Constructive interference occurs at the midpoint between the two .sources since that point is the 
same distance from each source. The other points of constructive interference arc symmetrically placed relative to 
this poont. 

iDt.Mlh: For constnxtive interference the path ditYcrence d is related to A by d - mA, m - 0,1.2... For 


destructive interference m -0,1.2,... 

SET UP: d ^ 2040 nm 

EXECUTE: (a) The brightest wavelengths arc when constructive interference occurs: 
J-mJ. =,?. * £=> X ■ —■ 680 nm A, ■ 2040 ,m a SIQnm «ni 


K - 


2040 nm 


: a; 


(b) The path-length ditTcrencc is the same, so the wavelengths are the sanx as part (a). 


|C) + so / - 


2040 nm 
"I'7 


The visible wavelengths are A - 583 nm and /. - 453 nm 


Evaluate: The wavelengths for ccmstructivc interference are between those for instructive interference. 
iDt.Min : If the path ditVcrenrc between the two waves is equal to a whole number of wavelengths, constructive 
interference occurs, but if it is an odd number of half-wavelengths, destructive interference occurs. 

SET UP: We calculate the distance traveled by both waves and subtract them to find the path difference. 
Execute: Call /*, the distance from the nght speaker to the observ er and P 2 the distance from the lcil speaker to 
the observer. 

(a) Pi - 8.0 m a lid P. - J(6.0 m)'r (S.0 m)' - 10.0 m . The path distance is 


AP»#S-if - 10.0 m S.O m - 2.0 m 


< l>> Tlie path distance rs one wavelength, so constnxtive interference occurs. 

(c> Pi - 17.0 m and P\ - Jib.OmV -f (17.0 m F = 18.0m . Tlx path difference is 18.0 m 17.0 m - 1.0 m. which is 
one-half wavelength, so destructive interference occurs. 

EVALUATE: Constructive interference also occurs if the path difference 2 ?., 3 A , 4 A , etc., and destructive 
interference occurs if it is 2/2, 3 A. 1 2, 5 A.'2 etc. 

Idem itV: At an antinode the interference is constructive and the path ditTcrence is an integer number of 
wavcVmgths; path difference - «i/.. tn - 0.1l,±2,... at an antinode. 

SET UP: The maximum magnitude of the path ditTcrencc is the separation J between the two sources. 

Execute: (a) At S t ,r 2 - r, - 4 A, and this path difference stays the same all along the > -axis. so 


n? - -*4. At .Vj.ij -i; - -42. and the path diffcicrxc below this poont. along the negative y-axis. stays tlx same, so 
m - -4. 

(bl Tlx wave pattern is sketched in Figure 35.6. 


(c) The maximum and minimum m-values are determined by the largest integer less than or equal to —. 


(d) If d = t!/. =3 -7£ m S *7. so there will be a total of 15 antinodcs between the sources. 

EVALUATE: Wc arc comidcring points close to the two sources and the aminodal curves are not straight lines 



Figure 35.6 
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35.7. 


35.8. 


35.9. 


35.10. 


35.11. 


IDENTIFY: At an antinodal point the path ditTcrcncc is equal to an integer number of wavelengths. 

SET UP: For m - 3. the f\ith difference is 3x . 

Execute: Measuring with a ruler from both S x and S i to the different points in the antinodal line labeled m - 3_ 
we find that the ditTcrcncc in path length is three times the wavelength of the wave, as measured from ooc crest to 
the next on the diagram. 

Evaluate: There « a whole curve of points where the path ditVcrencc is 3>i . 

IDENTIFY: The value of v. is much smaller than R anJ the approximate expression v - R is accurate. 

d 

SETUP: =10.6x10 1 m . 


EXECUTE: rf - £2£d - l2<ll "-0- l |50 ;- |< ,* ra , - 1 14.10 * m-1.14 
V 10.6x10 m 


■ n 


EVALUATE: tan#^ - -!_lso #. v -0.51" and the approximatxm sin#^ * tan# w i* wt) 1 accurate. 

R 

IDENTIFY and SET Up: The dart lines correspocxl to destructive interference and hence arc located by Eq.(35.5): 
d*\n 0 = | so sin O- - f -—. m- 0 .ll.t 2 ,... 

Solve 6>r 0 that locates the second and third dart lines. Use y - tan# to find the distaiKc of each of the dart, 
lines from the center of the screen. 

Execute: 1st dart line is for m - 0 

2 nd dart line is for m - I and sin# - —- 1 ’* # >M —— 1 .667x 10 ‘ and # - 1 .667x 10 * rad 

1 2d 2(0.450x10 J m) 

3rd dark line is for m ^ 2 and sin#. ^ " mi 2.778 x|0 * and 0. ^ 2.778x10' 1 rad 

- 2d 2(0.450 x 10 m) 

(Note that #, and #. are snrall so that the approximation 0 * sin# * tan# is valid.) The distance of each dart line 
from the center of the central bright hand is given by y m - R tan#, where R - 0.850 m is the distance to the 
screen. 

tan 0 * 0 so y m - R 0 m 

y, = HO, =(0.750 m* 1.667 x 10 ‘ nd|=l’5-10 1 m 
y. = RO, = (0.750 mX2.778x 10 ‘ rad) = 2.08x10 1 m 
Ay = .Vj —y, = 2.0Kx I0 1 m-l.25xl0 ' m = 0.8} mm 

EVALUATE: Since #, and #. are very 1 small we could have used Eq.(35.6). generalized lo destructive 

I 


intcrterence: y M - nj m -t — d. 

IDENTIFY: Since Ihc dart fringes arc equity spaced. R X* y s tb: angles axe small and the dart bands arc located 

by> . 


SET UP: The separation between adjacent dart bands is JSy - —— 

d 

Execute: Av=^ ^=«£=< IMm >< 4 - 50 “ 10 ? ->-l.M«nr* m=O.I93m. 
d Ay 4.20x10 m 

EVALL ATE: When lb: separation between the slits decreases, the separation between dart fringes increases. 
IDENTIFY and SET Up: The positions of tb: height fringes are given by Eq.(35.6): y M - R{mA fdy. For each 
fringe tbc adjacent fringe is located at y m , t - R(m + \)A!d. Solve for A. 

Exec ute: The separatum between adjacent fringes is Ay - y m , x — y m - RA /d . 

.0-460x10 ' mX2.82.IO ' ™> , S90 ,1Q -n, = S90 nm 
R 2.20 m 

Evaluate: Eq.(3S.6) requires that the angular position on the screen be small. The angular position of bright 
fringes is given by sm#- mA'd. The slit separation is much Larger than the wavelength [Aid - 1.3x10 'k so 
is small so long as m is not extremely large. 
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35.12. 


35.13. 


35.14. 


35.15. 


35.16. 


IDFNUFY: The width of a bright fringe can be defined to be the distance between it* two adjacent destructive 

msnnm. Assuming the small angV: formula foe destructive interference y m - R - ; - 

SET UP: 0.200* 10 ; m . rt = 4.00m. 

Execute: The distance between any two successive minima 

is V,-i “ t - - - (4.00 m> ■ M 11 * - 8.00 mm. Thus, the answer to both part (a) and part <b) is that the 

d ( 0 . 200 x 10 ml 

width is R .00 iran 

EVALUATE: Tor small angles, when y M <r. R . lb: interference minima are equally spaced. 

IDENTIFY and SET UP: The dark lines arc located by Jsin 0 -1 m -■ .1 j;.. The distance of each line from the 

center of the screen is given by y - RisnO. 

EXECUTE: First dark line rs for m - 0 and dii - A/2. 

sin O. - — — -——— 0.1528 and - 8.789*. Second dirk line i* for in - 1 and Jsin (K - 3Af2. 


2d 2(1.80x10 m) 

in a.- — - 3| 1,11 m I ^ 0.4583 arxl (k - 27.28". 


2 d ^ 2 ( 1 . 80 x 10 m) 
y^RtanO- ^(0.350 m l tan8.789* -0.0541 m 
>\ ^ R tan t\ a (0.350 m) tan 27.28- - 0.1805 m 

The distarxc between the liners is Ay - y 3 - y\ - 0.1805 m - 0.0541 m - 0.126 m - 12.6 cm. 

Evaluate: sin4 -0.1528 and tan^ -0.1546. sin 0 , - 0.4583 and tan 0 3 -0.5157. As the angle increases. 

*in 0 * tan 0 becomes a poorer approximation 

Identify : Using Mq.<35.6) foe small angle*: y m - R— 

d 

SET Up: First-order mean* m - 1 . 

EXECUTE: The distance between corresponding bright fringes is 

Av^ — Ai - J 5 ° >mt(l! <660 - 470)x(10 * ml -3.17mm. 
d (0.300x10 m) 

Evaluate: The separation between these fringe* for different wavelengths increase* when the slit separation 
decreases. 

Identify and SET UP: Use the information given about the bright fringe to lind tbc distance d between the two 
slits. Then u*c Eq.(35.5) and y - Rtan0 to calculate A for which there is a first-order dirk fringe at this same 
place on the screen. 

Execute: y, —. so d - —• - '— * —!-— - 3.72XIff* m (rt is nuxh greater than d. so Eq.35.6 

d y, 4 84 x 10 ' ni * ^ 

1 * valid) The dark fringes an: located by d sin 0 - j m -* — j A. m - 0 . r 1 .r 2 .... The first order dark fringe is located 

by *i n0 - A 3 t2d. where A^ is the wavelength wc are seeking. 

? R 

v - tan# * RzinO - —H 
2d 

Wc w ant A- such that y- >*,. This give* —- ^- 7 - and A 3 - 2 a, - 1200 nm. 

d 2d 

Evaluate: For A - 6 lXt nm lb: path difference from the two *lit* to thi* point on the screen is 600 nm. For thi* 
same path difference (posit on tbc screen! the path difference is A/2 when A - 1200 nm. 

IDENTIFY: Bright fringes are located at y m - R— . when y m <fc R Dark fringes are at Jsin# = (iw *±)A and 

d 

y-RUnO. 

SET UP: A - — —^ ' ''' 4.75 x 10 m . For the third bright fringe (not counting tbc central bright 
/ 6.32x10 11 / 

spot), m - 3. For the third dark frincc. nt - 2 . 
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35.17. 


35.18. 


35.19. 


35.20. 


35.21. 


EXECUTE: (a) <i 


3(4.75x10 mX0.850m) _ - An _ ni% 

-3.89x0 m - 0.0389 mm 




ib) sin0 - (2 -f -1— - (2.5) 


4.75x10 m 


d I 3.89 x IQ m 


-0.0305and 0=1.75°. v» R lan0 = (85.0cm)tan 1.75° = 160cm . 


EVALUATE: The third dark fringe is closer to the center of the screen than the third bright fringe cm one side of 
the central bright fringe. 

IDEMIPY: bright fringes arc legated at angles 0 given by dunO - mA . 

SET UP: The largest value sin0can have is 1.00. 

_ , , dsinff r . .. , d 00116 - 10 'm „ , . , , 

EXECUTE: (a) m -1 or smd -1. m - — - 19.K . Ihcrclorc. the large* m lor fringe' 

A A 5.K5-I0 m 

cin the screen is m - 19 . There arc 2(19) + 1-39 bright fringes, the central one and 19 above and 19 below it. 

(b) The most distant fringe has in - ±19. sin 0 - m — _ ±|9 — -L!—LI. - ±0.958 and 0 - ±73.3° . 

d 0 . 0116 x 10 ' m) 

Evaluate: For small 0 the spacing At between adjacent fringes is constant but this is no longer the ease for 
larger angVrs. 

iDt.MltY: At large distances from the antennas the equation ifsin# - tnA, m - 0.±l.±2,...gives the angles where 
maximum intensity is observed and dsin 0 - ( m m - 0 . 11 ± 2 .... gives the angles where minimum intensity 
is observed. 

SETl'P: d- 12.0 m. A = — 

f 

Execute: (a) d = ll0 ~ l<l i iat -2.7Km. 
f 107.9x10* 11* 

ff^ll3.4“, 327.6", 141.1", 36K. I s . 


0.232) 

d l 12.0 m 


(b) tinO - (iw * i|_ - (ni»_«0.232>. 0- 36.66 s . 3 20.4 s . 3 35.5'. 354.3 s . 
d 

Evaluate: The angles for ato intensity arc approximately midway between those for maximum intensity 
Identity: Eq.(35.10): 1 = l,cm‘(^/2). Eq.(35.ll): d-t^jriAMr.-r,). 

SKI UP: p is the phase difference and Oj - r { ) is the path difference. 

Execute: (a) / - /,<«% 30.0’l ; - 0.750/ 0 

(b) 60.0’-(.T/3|rad . {r, -ij) -^/2x)A *[{xI3)I2x]A = i.’6 = 80nm . 

Evaluate: d-360 s, 6and (r,-r,)mA/6. 

Identity: — - p '" h u n.-[atcs die path didcraicc to the phaw difference Ad 

2s A 

Sr.X UP: The sources and noant P arc sliown in Figure 35.20. 


Execute: Ad-2r 


524 cm - 




2 cm 


-119 rad 


EVALUATE: The distances from B to P and A to P aren't important, only the difference in these distances. 



iDf.MltY and SET UP: The phase difference p is given by p - {Ixdl ^)sin0 (liq.35.13.) 

Execute: ^-|23(0.340<10 ' mMSOOxlO ' ml)wn23.0 ; - 1670raJ 

EVALUATE: The /wlh bnght fringe occur* whm p - 2 tiw. so tforre arc a large number of bright fringes within 
23.0 : from the centerline. Note that l:q.(3S. 13) gives p in radians. 
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35.22. 


35.23. 


35.24. 


35.25. 


iDEMltY: The maximum intensity occurs at all tbc points of constructive interference. At these points. tt>e path 
difference between waves from the two transmitters is an integral number of wavelength*. 

SET UP: For constructive interference, sin 0- mX/d. 

EXECUTE: (a) First find tlx- wavelength of the UIIF washes: 

). - o/- (3.00 x I0‘ m s>'(1575.42 MHz) - 0.I9IM m 
For maximum intensity {nd sin (t)X - m, t. so 

sin 0 -mid - mj(0.l904 m>(S.18 m)] - 0.03676w 
Tlu: maximum possible in would be fee 0- 90. or sin 0- 1. so 

- d/l - (5.18 mMO. 1904 m) - 27.2 

which must he ±27 since w a an integer. Tbc total number of maxima is 27 on either side of tbc central fringe, plus 
the central fringe, for a total of 27 ♦ 27 ♦ 1 - 55 bngjit fringes. 

<b) Using sin 0- mA/d, where m - 0. ±1. ±2, and ±3. we have 

sin 0- mid - atj[(O.I904 mh(5.18 m)J - 0.03676m 
ut - 0 : sin 0 - 0 . which gives 0 - 0 * 
m - ±1: sin 0 - l(0.03676X 1). which gives 0- ±2.11° 


m - ±2: sin 0- ±<0.03676)(2). which gives 0- ±4.22* 
m - ±3: sin 0- H0.03676)(3). which gives 0- ±6.33* 

<•» ,. W (*=£) - 

EVALUATE: Notice that sin0 increases in integer steps, but 0only increases in integer steps fee small 0. 

(a) IDENTIFY and SET t'P: The minima are located at angles 0 given by if«n0- !/.. The first minimum 


corresponds to m - 0. Solve fee 0. Then the distance on the screen is y - RtsnO. 

Execute: 660 ' 1 " "" ^ l .27 ■ 10 ' and a -1.27.10 1 .*1 

2 d 2(0.260x10 ‘ m) 

y a (0.700 m)tui( 1.27x10'' rail)^ 0.K89 mm. 

<l») iDEMltY and SET Up: Eq.|35.15) given th: intensity / as a function of the position von the screen: 
/ - i t cos* j J. Set /» IJ2 and solve fory. 


Execute: 



saavs cos* 


zdy 
/.R 


2 


» 


Ktdy 




XR) ' XR 4 

P ( 660x10 • mH0.700 m> 

47" 


- 0.444 mm 


4(0.260x10 * m) 

EVALUATE: / - /,/2 at a point on the screen midway between where J - /,. and / - 0. 

iDEVnrv: Eq. (15.14): 1 -I,cm’ 


SET Up: The intensity goes to zero when the cosine's argument becomes an odd integer multiple of — 

mm 

Execute: ^Mn0-|m+l/2).r gives Jsin0 - X\m + 1/21. which is Eq. (35.5). 


Evaluate: Section 35.3 shows that the maximum intensity directions from Eq.(35.14) agree with Eq.l35.4p 
IDEM in : The intensity decreases as we move away from the central maximum. 

SET UP: Tbc intensity is given by / - /,cos j -11 j 

Execute: First find the wavelength: X-c/f - (3.00 x 10* mx>'(l2.S Mlfa) - 24.01 m 
At the farthest the receiver can be placed. / - Z>'4, which gives 

1 

4 




A **■ 
>.R 


i 

?.R 


_ti 

XR 2 
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35.26. 


35.27. 


35.28. 


35.29. 


The solution* arc ady/AR - at .3 and 2tt’3. Using jp 3, we get 

v - AJVM- <24.00 m|<500 m>13(56.0 m)] - 71.4 m 
It must remain within 71.4 m of point C. 

EVALUATE: Using rrfiv’^ - 2t/3 gives v - 142.S m. But to reach this point, the receiver would have to go 
beyond 71.4 xn from C. where the signal would he too weak. ro this second point is not passible. 

IDE vim: The phase difference d and the path difTcrence r - r arc related by 4 - — (/*. -r. ). The intensity is 


given by /-/.co*\-|. 

SEE L’P: A - -■—- 2.50 m . When the receiver measures zero intensity /... ^ - 

/ 1 - 20 . 10 “ 11 / 

Execute: (a) —(r -r.)—(1.8m)*4.52rad. 

A. ' 2.50 m 


(b» /-/,,« £ -/..co,-' , 4 52,i 


0.404/ . 


Evaluate: (r t - r%) is greater than A/2 % so one minimum has been passed as the receiver is nxived. 

Idem in: Consider interference between rays reflected at the upper and lower surfaces of the film. Consider 
phase difVercncc due to the path difference of 2 / and any phase differences due to phase chingcs upon reflection. 
SET Up: Consider Figure 35.27. 

Both rays (I) and (2) 
undergo a 180 ° phase 
dunce on reflection, so 
these is no net phase 
difference intnxlurcd and 
the condition for 
destructive interference is 

2 f - I irr-fiu. 

2 



Figure 35.27 


Exec he: 




ar 

1.42 

Evaluate: 


thinnest film says n\ - 0 so t - 


650x10 m 


1.14x10 in - 114 nm 


4<1.42| 4<I.42j 

We complied the path difference to the wavelength in the film, since lhat is where the path 
difference occurs. 

iDEVim: Require destructive interference for light reflected at the front and rear surfaces of the film. 

SET UP: At the front surface of the film, light in air I ;i - 1.00 ) reflects from the film ( n - 2.62 ) and there is a 
180° phase shift due to th: reflection At the hack surface of the film, light xn the film (n - 2.62 > reflects from 
glass < n - 1.62 ) and there is na phase shift due to reflection. Therefore, there is a net 180° phase difference 
produced by th: reflections. Th: path difference for these two rays is 2/. when: / is the thickness of the film. The 

. t . . . . 505 nm 

wavcxnuth in the turn is A - 

* 2.62 

Execute: (a) Sinre the rclloctson produces a net 

f 505 nm \ 


hcht occurs when 2/ - mA . t - m 


l 2)2.62 ]} 

(l>) Tlic next three thicknesses are for m - 2 .3 and 


phase difference, destructive interference of the re fleeted 
196.4 nnit/M . The minimum thickness is 96.4 nm. 


192 nm. 289 nm and 386 run. 

Compare this to Problem 35.27, where th: minimum 


EVALUATE: I he minimum thickness is for t - x 2 /j 
thickrcs* for instructive interference is t - A! 4« . 

IDEMUY: The fringes are produced by interference between light reflected from the top and bottom surfaces of 
the air wedge. The retractive index of glass is greater than that of air. so the waves reflected from the top surface 
of the air wedge have no reflection phase shift and the waves reflected from the bottom surface of th: air wedge do 
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35.30. 


35.31. 


have a half*cycle reflection phase shift. The condition for constructive interference (bright fringes) is therefore 
2!-(* + #*• 

SET UP: The geometry of the air wedge is sketched in figure 35.29. At a distance x from the point of contact of 
the two plates, the thickness of the air wedge is /. 

A 


Execute: tantf-l so / -xtanO. + 44— . X m -<«M*i)—-— arxl x mti - <m ~2l 

x 2 ' 2tm0 


rhe 


distaiKC along the plate between adjacent fringes is Ax — x - x •-2— . 1 5.0 frineesem - 2 _ jnd 

* ZlmO At 


Ay 


LOO 


CMX>67cm. tan 0 - 


A 546.10 * m 
H7 2(0.066?' 10 ra> 


15.0 fringes cm 
4.09x10 4 rad -0.0234° . 

Evaluate: The fnngcx are equally spaced, Ar is mdependrnt of m 


4.09x 10^ . The angle of the wedge is 



Idlm 1 FA: The fringes are produced by interference between light reflected from the top and from the bottom 
surfaces of the air wedge. The retractive index of glass is greater thin that of air. so the waves reflected from the 
top surface of the air wedge hive no reflccticei phase shift and the waves reflected from the bottom surface of the 
nr wedge do have a half-evele reflection phase shift. The condition for constructive interference f bright fringes) 
therefore is 2 / -<*j - 

Set Up: The geometry of the air wedge is sketched in figure 35.30. 

Execute: tan# - ‘ 1 mln -8.89X 10 4 tan 0- < 1*0 f-(S.S9xlO 4 >r . f *(*?•+')£ . 

90.0 mm x “ 2 

x - < m ♦ »i---— and A' . - I nt -t 2)- The distance alone the plate between adjacent fringes 

T 2(8.89x10 ) * 2(8.89x10*) ‘ * 

X 656x10 * m 

is Ay - .r , -x.-- 

2(8.89x10 ) 2(8.89* 10 *) 

1.00 1.00 

"ST 0.0369 cm 


3.69x 10 4 m - 0.369 mm . The number of fringes per cm is 


- 27.1 fringes cm . 


EVALUATE: As t -> 0 the intcrtcrcncc is destructive and there is a dark fringe at the line of contact between the 
two plates. 


in 


\^T* 





II t*\ . 

H- VIII n 


Figure 35 JO 

iDEMin: The light reflected from the top of the TiO : film interferes with the light refected from the top of the 
glass surface. These waves arc out of phase due to the path difterencc in the film and the phase differences caused 
by reflection. 

SET Up: There is a .t pluse change at the TiO; surface hut non: at the glass surface, so fee destructive 
interference the path difference must be mx in the film. 

EXECUTE: (a) Calling T the thickness of the film gives 27* - W4» n. which yields T - m^,(2»r> Substituting the 
numbers gives 

T-m (520.0 nm>'[2(2.62)1 - 99.237m 
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35.33. 


35.34. 


T must be greater than 1036 nm. sow - 11. which gives T- 1091.6 tun. since we want to know the minimum 
thickresx to add 

Ar- 1091.6 nm 1036 nm - 55.6 nm 


<b)(i) Path difference - IT- 2(1092 nm) - 2184 nm - 2ISO nm. 

(ii) The wavelength in the film is A - X^n - (520.0 nm) ‘2.62 - 198.5 nm. 

Path difference - (2180 nml 1(198.5 nmywavelength) - 11.0 wavelength* 

EVALUATE: Because the path difference in the film is 11.0 wavelengths, the light reflected off the top of the film 
will be 180 ° out of phase with the light that traveled through the film and wax reflected off the glass due to the 
phase change at reflection off the top of the film. 

iDEMlfrY: Consider the phase difference pnxlueed by the path difference and by the reflections, for destructive 
interference the total phase difference is an integer number of half cycles. 

SET L ! P: The reflection at the top surface of the film produces a half-cycle phase shift. There is no phase shift at 
the reflection at the bottom surface. 

Execute: (a) Sinre there is a half-cycle phase shift at just one of the interfaces, the minimum thickness for 

. . A A.. 550 nm _ 

constructive interference is r-- 74.3 nm. 

4 4/j 4(1.85) 

(Iff The next smallest thickness for constructive intcrfcieixc is with another half wav elength thxkncss added: 

3 A 3A. 3(550 nm) ___ 

4 4n 4(1.85) 


EVALL ATE: Note thit we must compare the path difference to the wavelength in the film 
I DEV ll(Y: Consider the interference between rays re Heeled from the two surfaces of the soap film Strongly 
reflected nxons constructive interference. Consid^ phase difference due to the path difference of 2 j and any phase 
difference due to phase changes upon reflection. 

(a) SET Ilf: Consider figure 35.33. 


tw" 


v - I 


v - LU0 




There is a 180= phase 
change when the light is 
reflected from the outside 
surface of the bubble and 
no phase change when the 
light is reflected from the 
inside surface. 


Figure 35J3 


EXECUTE: the reflections produce a net 181/ phasediftcrcnrc and tor there to b: constructive interference the 
path difference 2/ must correspond to a half-integer number of wavelengths to compensate for the Ai 2 shift due t 

the reflections, lienee Ihc condition for ccmstructivc interference is 2 / -[ em — m - 0 . 1 . 2 .... Here A* r* 

tlic wavelength in air and (A^/n) is the wavelength in the bubble, where the path difference occurs. 

2 in 2(290 nmHl.33) 771.4 nm 




m + l 
2 


„,I 

2 


for in - 0, A - 1543 nm: for m = 1. ^.-514 nm: for m -2 , A - 30S nm;... Only 514 nm is in Ihc viable region; 
the color foe this wavelength is green. 

2m 2(340 nm HI -33) 904.4 nm 

I “ 


(b> A, - 


r 

VI t — 


2 2 m * 2 
for «i - 0. A - 1809 nm; for m = I, A = 603 nm: far m - 2. A - 362 nm;... Only 603 nm is in the viable region; 
the color for this wavelength is orange. 

Evaluate: The dominant color of ihc reflected light depends on the thickness of the film. If the bubble has 
varying thickness at different points, these points will appear lo be different eolevs when the light reflected from 
the bubble is viewed. 

IDEMUY: The number of waves along Ihe path is the path length divi&d by the wav elength. The path 
difference and the reflections determine the phase difference. 
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35.35. 


35.36. 


35.37. 


35.38. 


35.39. 


EXECUTE: (a) A - 


648 nn 


ir i 


ru u r 2/ >7*52x10* m ... 

I he number ot wavci is-- 36.5. 


1.35 A 4KI)x 10 m 

(!>) The path difference introduces a A /2. or 180", phase difference. The ray reflected at the top surface of tbc 
film undergoes a 180° phase shill upon reflection. The reflection at the lower surface introduces na phase shift. 
Doth rays undergo a ISO” phisc shift, one due to reileetion and one due to reflection. Tl»: two effects cancel and 
the two rays arc in phase as they leave the film. 

Evaluate: Note thit we must use the wavelength in the film to determine the number of waves in the film. 
IDENTIFY: Require destructive interference between light reflected from the two points on th: drsc. 

SET L t P: Both refactions occur for waves in th: plastic substrate reflecting from the reflective coating, so they 
both have the sanv phase shift upon reflection and the condition for dcstnxtivc interference (caixellationl is 

2 j - (m + l)A .. where (is the depth of the pit. A - — . The minimum pit depth is for ni - 0 . 


..■I i 


A A A y 790 nm 

Execute: 2 /— i ---110 nm - o.l 

2 4 4n 4<l.8) 

EVALUATE: The path difference occurs in the plastic substrate and we must conq\irc the wavelength in th: 
substrate to the path difference. 

IDF.N’IIFY: Consider light reflected at the front and rear surfaces of the film. 

SET L’P: At the front surface of tbc film, light in air (n - 1.00 > reflects from the film ( n - 2.62 ) and there is a 
180° phase shift due to th: reflection. At the back surface of the film, light m the film (n - 2.62 ) reflects from 
glass < it - 1.62 ) and there is no phase shift due to reflection. Therefore, there is a net 180” phase difference 
produced by th: reflections. Th: path diflerence for these two rays is 2/. where / xs the thickness of the film. The 

waveVmuth in the film is A l - -— 

* 2.62 

Execute: (a) Since the reflection produces a net ISO 6 phase difference, destructive interference of the reflected 

light occurs when 2 j = mA . t - n. — 11,11 I - 196.4 mental . The minimum thickness is 96.4 nm. 

•2)2.62],] 

(h> The next three thicknesses are for *1-2,3 and 4: 192 nm. 289 nm and 386 nm 

EVALUATE: The minimum thickness is for t - A tin . Compare this to Pre>bVrm 34.27. where th: minimum 
thickness for ^structive interference is t = A t 4/i . 

IDEMIFY and SET LK Apply Eq.(35.19) and calculate y for m - 1800. 

Execute: Eq.(35.19fc y^mfx/2)- 1800(633x10 * m)/2-5.70x10 * m-0.570mm 

EVALUATE: A small displacement of the mirror conespands to nuny wavelengths and a large number oflringes 
cross the line. 

Identify: Apply Ft*<35.19|. 

SET L t P: hi - SIS. Sirxc the fringes move m opposite dircetiems. tbc two people move the miner in opposite 
directions. 

Ay 818(606x10 T m) 

2 

mA s 818(5.02 xIO' 1 m) 

"2 2 


Execute: (a) For Jan. the total shift was y -- 


- 2.4Sx 10 'm. For Linda, the total shift 


was v . — 


205x10 


(b| The net displacement of the mirror is the ditYerencc of the above values: 

Ay - y, - \\ - 0.248 mm - 0.205 mm - 0.043 mm. 

Evaluate: The person using the larger wavelength moves the mirror the greater distance. 

Idem IF Y : Consider the interference between light reflected from the top and bottom surfaces of the air film 
between the Wns and the glass plate. 

SET L’P: For maximum intensitv. with a net half*cycle phase shift due to reflections. 2t - 


In. 

2 


R-yfiF^r. 

(2m 


EXEC t II: 




-R-jR'-r* 


[ 2 m* IU 


=/e 


(2m+ 1)4 ° 

4 



r > 


|2m+I)4JC 


for 


2 
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35.41. 


35.42. 


35.43. 


The second bright ring is when m -1: 


(2(1)+ 1) (5.80x 10 m> (0.952 m) 


9.10x10 m-0.91(1 


So the diameter ot* the second bright ring is 1 .82 mm. 

Evaluate: The diameter of the ring is proportional to Jim + I . so th: rings get closer together ax m 
increases. This agrees with Figure 35.17b xn the textbook. 

IDENTIFY: As found in Problem 35.39. the radius of the wth bright ring is r* m \*~ M for R a> A. 


SET UP: Introducing a liquid between the lens and the plate just changes the wavelength from ^to-, where 

n 

is the refractive index of the liquid. 


Execute: rt/?)* 


(2m ♦ 114/? r 0.850 mm 


- 0.737 


In V" vra 

EVALLATE: The refractive mdrx of tbe water is less than that of tlx glass plate, so the phase changes on 
reflection are the same as when air is in th: space. 

IDENTIFY: The liquid alters the wavelength of the light and that a fleets the locations of the interference minima. 
SET UP: The interference mmima are located by rfsin# - (m -t - For a liquid with refractive index n. 

•V.- 4 - 


Exec i te: 



si n#„ sin 35.20* 
sin#. ~ sin 19.46“ 


730, 


EVALUATE: In the liquid the wavelength is shorter and sin# - (m + i|— gives a smaller 0 than in air. for the 


same hi. 

IDF.VUFY: As the brass is heated, thermal expansion will eause the two slits to move farther apart. 

SET L ! P: For destructive interference, d s«n 0- AS2. The change in separation due to thermal expansion is dv% - 
r/w * dr. where w is the distance between the slits. 

Execute: The first dark fringe is at J sin #- Ml -> sin 0 - AJld. 

Call d- w for th^se calculations to avoid confusxm with the differential. sin #- Mlw 
Taking ditfeientuls gives dVan (A - <AM7w) and cos#rf#- - Ml dwtof. 

A awjtT AadT 


l or thermal expansion, dw - OM'od/* which gives costsdu — — 
AadT 


2 7 ' 2k, 

Get A: Mb sin - Ml -> A - 2w» sinft. Substituting this quantity into tlie equation fordOmves 


Solving tor dO gives 


d( - 


2 m; cos#, 
2H;,,„IWr 


2 it* cos# 


d#^-tan|32.5“X2.0x10 K K115 M - -4) 001465 rad - -0.084“ 

Tlie minus sign tells us that the dark fringes move closer together. 

EVALUATE: We can also see that the dark fringes move closer together because sin#is proportional to I'd, so as 
J increases dxx to expansion. 0 decreases. 

iDl.NlltY: Both frequencies will interfere constructively when the path difference from both of them is an 
integral number of wavelengths. 

SET UP: Constructive xnterfcieixe occurs when sin# - ui/.d. 

EXECUTE: First find the two wavelengths. 

4, - 'Vx * nvJsHOI) II/) - 0.3822 m 
A: - v>/ 2 - (344 m/sWI200 Hz) - 0.2867 m 

To interfere constructively at the same angle, the angles must be the xan>:. and hence th: sines of the angles must 
he equal. Each sine is of the form sin #- m/Jd . so vve can equate tlie sines to get 

m i AJd - m : AZ'd 

m,(0.3822 m) - m : ( 02867 m) 

m; - 43 «i 
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.15.45. 


.15.46. 


.15.47. 


.15.48. 


Since both mi and «i; must be integers, tlue allowed pairs of values of m * ami m ; arc 

m, - /w : - 0 
m, - 3. vi 2 " 4 
m i - 6. w; - 8 
IM| " 9. ill; - 12 


etc. 


For mi “ ii; • 0. we have 0 - 0. 

For mi - 3. ill; - 4. we have sin - (3K0.3822 mV(2.50 m). giving 0\ - 27.3° 

For m, - 6. i, - 8. we have sin - (6X0.3822 mV'(2.50 m). giving 0, - 66.5° 

For m, - 9. ii 2 - 12. we have sin 0, - (9H0.3822 m)'(2.50 m) - 1.38 > I. so no angle is possible. 
Evaluate: At certain other angles, one frequency will interfere constructively, but tbc other will not. 

I 


IDENTIFY: For dcstructiv c intertercncc. d - r>-r, -; m *■ — | 


Set Up: >; - r t - J<200 m)* + x* - x 


Execute: (200mi 
20.000 m’ I 


X - X 


T j/. *■ 2xj m -t — 


- U 
2 


-JJ m-tl The wavelength is calculated by A - — M> ‘ l " 1,1 ' 51.7 

2\ 2 / / 5.80x ICf Hz 


1 


m _0: x - 761 m: m- 1:.v - 219 m; m - 2: x -90.1 m; w - 3:.v - 20.0 m. 


Evaluate: For m - 3, J - 3.5^. -181m. The maximum possAilc path difference k the separatKin of 200 m 
between the sources. 

IDENTIFY: Tbc two scratches are parallel slits, so tfo: light that passes through them produces an interference 
pattern. However the light is traveling through a medium (plasticI that is different from air. 

SET Up: The central bright fringe is bordered by a dart; fringe on each side of it At these dark fnngcs. d sm 0- 
x /x A/n % wliere n is the refractive index of the plastic. 

EXECUTE: First use geometry to find the angles at which the two dark fringes occur. At the First darfc fringe 
tantf- [(5.82 mmX’2H3250 mm), giving 0- i.0.0513* 

For destrurtivc interference, we have d sm 0— '/> )Jn and 


n - AH2d*in <h - (632.8 nmb\ 2(0.0X225 m)(sin 0.0513°>| - 1.57 
EVALUATE: The wavelength of the light in the plastic is reduced compared to what it would be in air. 

IDENTIFY: Interference occurs due to the path difference of light in the thin film. 

SET Up: Originally the path ditYcrcnce was an odd number of half-wavelengths for canrcllation to occur. If the 
path ditTercnce decreases by Yt wavelength, it will be a multiple of the wavelength, so constructive interference 
will occur. 

EXECUTE: Calling AT the thickness that must b: removed, we have 

path dilTcrence - 2A7 - ft A/n and AT - AMa - (525 nmK[4( 1.40» - 93.75 nm. 

At 4.20 nm yT. we have (4.20 nnvyrh - 93.75 nm and / - 22.3 >t. 

EVALUATE: If you were giving a warranty on this Film, you certainly could not give it a ’‘lifetime guarantee”! 
IDENTIFY and SET Up: If the total phase difference is an integer number of cycles the interference is constructive 
and if it is a half-integer number of cycles it is destructive. 

EXECUTE: (a) If the two sources are out of phase by <kk half-cycle. wc must add an extra half a wavelength to 
the path difference equations Fq.(35.1) and I:q.(35.2). This exactly changes one for the other, fee 
m -♦ m -t 2 and m t- • —> m. since m in any integer. 

<l>) If one source leads the othrr by a phase ancle 6 . the fraction of a cvcle diiTcrence is Thus the pith length 

2,7 

dilTcrence for the two sources must be adjusted for both destructive and constructive interference, by this amount. 
So for constnKtivc inference: q - r 2 = (m -t ^/2.r)x. and for destructive interference, r, - r s = (iff -t 1/2 - . 

wliere in each case m - 0 .±l.t 2 .... 


Evaluate: If £ - 0 tlx*se results reduce to Eqs.(35.11 are! (35.2). 

Identify: Follow the steps specified in the problem. 

SEf Up: Use cos (at + 0*'2) - cos<<i»’»cos(^/2)-sint^)sin(^/2). Then 

2cos(rfi'2)cos<<xif ♦^/2)-2cos(&e)c<is*(rf/2)-2sin(rur)sin<^ ) , 2)cos(^/2). Then use cos*'(^/2)- -— L are! 


2 
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35.49. 


35.50. 


2 sir*#.' 2 )cos|$*/ 2 ) - sin**. Hiis gives con**I + (cos(<ur)cctt(l)-sin(Atf)sin(l)) - ccwi**) cos(atf r#>, using 
again the trig identity for the cosine of the sum of two angles. 

EXECUTE: (a) The electric field is the sum of the two fields and can be written as 
Eg.it)^ E x (t) + £(/»= £cos(atf)+ £co*<* + 4 ) . £,.(f) = 2 £cos(^/2|ccm<<U’ + **/2). 

(b) E y {t) - Aco^cut + 4>2) % so comparing with part (a|. we sec that the amplitude of the wave J which is always 
positive) must be A • 2£|cos(0/2)|. 

(c) To have an interference maximum. ^ = 2xm . So. for example, using jji - I, the relative phases ore 


£%: O. £: 4 - 4.r; Ey. — - 2^. and all waves are in phase. 

Id) To have on interference minimum, £ - ,t| «»i + j. So. for example using /n - 0. relative phases arc 

£>: 0: E: E p : 4 2 = jzfly and the resulting wave ts out of phase by a quarter of a cycle from both of the 

anginal waves. 

(e> The instantaneous magnitude of the Povnting vector is 

S k x.tEUo - *,/<4£ : cos’(d/21 cos* (at 4- 6/2)). 


For a time average. cos ; (<wr -f ^/2) - so [S #r |- 2c t cE : cos*’<^/2). 

EVALUATE: The result of part (c) show* that the intensity at a point depends on the phase ditTcrcnce ^at that 

point for the waves from each source. 

iDKVlin: Follow the steps specified in the problem. 

SET UP: The definition of hyperbola is lb: locus of points such that the difference between P to S. and P to S is 
a constant. 

EXECUTE: (a) Ar - m ?.. r, - s lx : f (y - (} Y and r 2 - Jx 2 + < y -t d )*. 

.v-1-<1 ■*df - yjx' . iv -<!Y -mi.. 

(b) For a given m and a . Ar is a constant aixl we get a hyperbola. Or. in the case of all ni for a given a . a family 
of hyperbolas. 

(c> Jx‘rir+d)‘ -Jx'+ty-dy -<m ’.)<• 

EVALUATE: The hyperbolas approach straight lines at Large distances from the source. 
iDf.MltY: Follow the derivation of tq.(35.7). but with different amplitudes Air the two waves. 

SETUP: coif*--cos** 

Execute: <a)£; = £* -* Ej - 2£,£, cos<;r - 6) ^ E 2 ■* 4E 2 + 4£ : cos** - 5£* % r4£ : cos** 

/ - ^cfE 2 - Cjc\ | ^E 2 J t| ^E : jeos^ 6 - 0 =» /„ - —k^E 2 . Therefore. J - /J ^r ^cos# |. 


? 9 


(b) The graph is shown in Figure 35.50. /. -t which occurs when 4 - nz(n oddi. 

Evaluate: The maxima and minima cecur at tlv same points on the screen as when th: two sources have the 
same amplitude, but when the amplitudes arc different the mtcnwly is no kmger zero at the minima. 
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35.52. 


35.53. 


34.54. 


35.55. 


IDENTIFY anil SET Up: Consider interference between rays reflected fn>m tlic upper and lower surfaces of the 
film ti> relate the tfuckrvss of the film to the wavelengths for which there is destructive interference. The thermal 
expansion of the film changes the thickness of the film when th: temperature changes. 

Execute: Tot this film on this glass, there is a net A V 2 phase change due to reflection and th: condition for 
destructive interference is 2 1 - n\(A!n), where n - 1.750. 

Smallest nonzero thickness is given by i -A/2 it. 

At 20.0 : t\ I, -(582.4 nm).'l(2Kl.750)J^ 166.4 ran 
At 17C*C. »(SS8.5 nm) <1(2 Ml >750)] -168.1 nm 
r = *,<1 *a\T) so 

a-(I-!,): (r,A7) -(1.7 nm).'K 166.4 nm* 150*01-6.8x10 '(O' 1 

Evaluate: When th: film is heated its tfucknrss increases, and it takes a larger wavelength in the film to equal 
2 f.Thc value we calculated for a is th: same order of magnitude as those given in Tabic 17.1. 

IDENTIFY and SET Vr: At the mi - 3bright fringe for the red light there must be destructive intcrfcrerxe at th» 
same 0 for the other wavelength. 

Execute: Tor constructive inter fe rence: <i sin/? - ml dsknO - 3(700ran) - 2100 nm. For destructive 


interference: rfsintf-! m + i- \As => A, - 


di inf/ 2 MX) nm 


So the passible wavelengths 


A% - 600 nm. fee mi - 3. and A. - 467 nm. for m - 4. 

E VALL ATE: Doth d and 0 drop out of the calculation since their combination is Just the path tftffcrcticc. which is 
the same for both types of light. 

Identify: Apply / - Loo%’ tT< * 


SET UP: / - / t /2when —anO is — rad . — rod. 

A 4 4 

EXECUTE: First we ixed to find the angles at which the intensity drops by one*half from the value of the 


bright frinue. /-/, 


iif 


2 


^- (m . 1 / 2 ) 1 . 


m -0:0-0 - —: m - 1: 0- O' - — A 0 - —. 

4 d 4d 2d 

EVALUATE: There « no dependence on the /revalue of the fringe, so all fnnges at small angles have the same 
half-width. 

Identify: Consider the phase difTcrcocc produced by the pith difference and by the reflections. 

SET L'P: There is Just coc half-cycle phase change upon reflection, so fee constructive interfere:rxc 
2 1 - ■ (*m : + t)a : . where these wavelengths arc in the glass. The two difVerent wavelengths differ by Just 

one m-value, m, - mi. -1. 


Exec i tl: 




■i) 


477.0 nm-t 540.6 nm 


A, =>*,<*.-A,, 

2 ,-| 8,2 






2 2(A,-A,) 

I7|477'nro)- 


2{ 540.6 nm - 477.0 nm I k 2) n 411.52) 

E'VALL ATE: Now that we have / we can calculate all the other wavelengths for which there is constructive 
interference. 

IDENTIFY: Consider the phase difference du: to the pith difference and due to the reflation of one ray from the 
gloss surface. 

(a) SEr Ur: Consider Figure 35.55 



path 

difference - 
2>jh‘ rx‘li-x- 
Jih ! -i 


Figure 35.55 
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35.56. 


35.57. 


35.58. 


35.59. 


Since there is 


phase change for the reflected ray. the conditxm for constructive interference is path 


difference -J m + — |x and the condition for destructive interference is path difference - nt/.. 


(b) Exec UTE: Ccmstructivc interference 




v and - 


JJPT7- 


T 


i.onLest x is for 


iw-0 and the 


i - 2(V4/j- 'i' -i)-2( >J l 4<0.’4 ml' 10.14 m) ; -0.14 m| - 0.72 


[l* 


Evaluate: Tor A - 0.72 m the path difference is A/2. 

IDENTIFY: Require constructive interference fee the rctlcctxin from the top and bottom surf&res of each 
cytoplasm layer and each guanine layer. 

SET L’P: Al the wafer (or cytoplasm ) to guanine interface, there is a half-cycle phase shift for Ihc reflected light, 
hut there is no! one at the guanine to cytoplasm interface. Therefore there will always he one half-cycle phase 
difference between two neighboring reflected beams, (ust doe lo the reflections. 

EXECUTE: Tor the luaniiK layers: 




<"»T> 


>(74 nm)(I. 

<« + 7> 


266 nm 

^7 


For Ihc cytoplasm layers: 

- ( . n-i 

2 


Itn 2(100 nm) (1.333) 267 


i - 533 nm (m - Ok 


A - 533 nm (tu-Ol. 


(m*4) <m + T » 

(b| By hiving many layers the rctlcctxin is strengthen^!. because at each interfere some more of the transmitted 
light gets reflected back, increasing the total percentage reflected. 

(cl Al different angles, the path length in the byers changes lalways to a larger value than the normal ioci&ncc 
case). If the path length changes, then so do the wavekngths that will interfere constructively upon rellcctxm. 

EVAI.L ATL: The thsekness of the guanine and cytoplasm layers are inversely proportional to their refractive 

indices | - ^ - |. so hath kinds ofiayers produce constructive interference for the same wavelength in air 


IDI.NIIIV: The slits will produce an interference pattern, but in the liquid, the wavelength of the light will he less 
than it was in air. 

SIT L 7 P: The fust bright fringe occurs when J sin 0 - AJn. 

Execute: In air */sinlS.0° - A In Ihc liquid: <&tnl2.6° - AJn. Dividing Ihc equations gives 

n - (sin 18.0’ftsin 12.6°) - 1.42 

EVALUATE: It was not necessary to know the spacing of the dits. since it was the same in both air and Ihc liquid. 
IDENTIFY: Consider light reflected at the top and bottom surfaces of the film. Wavelengths thit are predominant 
in the transmitted light arc those fi* which there rs destructive intcrferecxc in the reflected light. 

SlT IP: For the waves reflected at the top surface of the oil film there is a half-cycle reflection phase shift. For 
the waves reflected al the bottom surface of the oil film there is no rctlcctxm phase shift. The condition for 
constructive interference is 2r - I m + ±)A. . The cceiditxm for destructive interference is 2f - mx . The range of 


visible wavelengths is approximately 4(H) nm to 700 nm. In the oil film. A —— . 


Execute: (a)2r^(«.t^-(nttii-L. 4, 




2 Jn 2(3SO nmM 1.45) 1102 nm 


m - 0 : Ay t - 2200 nm . «i - 1: A v - 735 nm . m - 2 : x^ - 441 nm . m - 3 : - 315 nm . The visible 

wavelength for w hich there is constructive interference in \\k reflected light is 441 nm 

(b) 2 J - m x - w — A^ - ^-1 « b |: A t - 1102 nm . w - 2 : A, - 551 nm . in - 3: A % - 367 run . 

n mm 

The visible wavelength fee which there is destructive interference in the reflected light is 551 nm. This is the 
visible wavelength predominant in the transmitted light. 

Evaluate: At a particular wavelength the sum of the mtcnsitKs of the reflected and transmitted light equals Ihc 
intensity of the incident light. 

(a) IDENTIFY: The wavelength in tfo: gbss is decreased by a factor of I fn s so for light through Ihc upper slit a 
shorter path is ncc&d to produce the same phase at the screen. Therefore, the interference pattern is shifled 
downward on the screen. 

(b) SET L’P: Consider the total phase difference produced by the path length difference and also by Ihc dilTcren! 
wavelength in the glass. 




35-16 ( haptrr 35 


.15.60. 


35.61. 


35.62. 


Execute: At a point on the screen treated by the angle 0 the difference in path length is drinO. This 
introduces a phase difference of d -1 |(</san#X where Ay, is the wavelength of the light in air or vacuum. 

K 

In the thickness L of glass the number of wavelengths is-A corresponding length L of the path of the ray 

* K 

through the lower slit, in air. contains LfA^ wavelengths. The phase difference this intnxluccs is 

f^2x\ and ^ - 2jx(n - IffLtJ*). The total phase difference is the sum of these two. 

% 

2tr 


— (Jsin 0 1 + 2*<n -1Jll .*a { 2jt i x, H d «nlr+ L\n-\ )). Eq.(35.10) then gives 


l - /.cos* 


> 

Z- dymO-f /-(/j-l); 


(c) Maxima means cos^/2 - tl and d>2 = m*. m-O. ±1. £ 2.... (* / ^)(d sin 0 ♦ /.(«-1» sniff 
d%'inO + L(n -1) - 

d 

Evaluate: When /. -♦ 0 or /? -> I the effect of the plate goes away and the maxima are located by Eq.(35.4) 
iDEYITfY: Dark fringes occur because the path difference rs one-half of a wavelength. 


Set L’P: At the first dark fringe. dsinO - AfL Tlx intensity at any angle 0 rs given In* / - / cos* 


zusxnO 


(a) At the first dark fringe, we have 


d%inO-X2 

d/A - 2H2 sin 1S.0°>- 1.93 




Tt/xin# 




xd'&inO 


ThT 

1 


- arccos 


-71.57°- 1.249 rad 


A 

Using the result from part (a), that dU - 1.93. we have x(1.93)sm 0 - 1.249. sin 0 - 0.2060 and 

*-±11.9° 

Evaluate: Since the first dark fringes occur at 115.0°. it is reasonable that at ?=12° the intensity is reduced to 
only 1/10 of its maximum central value. 

IDEMITS: Hicrc arc two effects to be considered first, the expansion of the nxl. and second, the change in tlx 
rod’s refractive index. 

SETUP: a- — and An12.50-10 1 <C) ')\T . A£ - £.<5.00x10 ' IC‘) ‘)A7\ 


Execute: The extra length of nxl replaces a little of the air so that the change in the number of wavelengths due 


to this is given by: AV 


2rt AX. 2n AL 2</i_ “ 1 


md 


W\ - 


* A> ** 

2( 1.48-1 >0030 mM 5.00 x 10 4 »C°)(5.00 C°) 


22 


5.K9x 10 in 

The change in the number of wavelengths due to the change in refractive index of the rod is: 

2(2.50x10'.■C”X5.00O/minMI.00nunlI0.0300m) 

*' X, 5.89«10 m 

So. the total chinge in the number of wavelengths as the nxl expands is AjV - 12.73 •* 1.22 - 14.0 fring.cs’minutc 
Evaluate: Both effects increase tlx number of waveWngths along tlx length of tlx rod Both AL and 
AfJ ktiU arc very small anti the two effects can be considered separately. 

iDEVIltt: Apply Sneffs law to the refraction at the two surfaces of the prism. S, and Sj serve as coherent 

RA 

sources so the fringe spacing is Av - ^-. where d is tlie distance between S ( and S. . 
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SET UP: For small angle*, sin# a» 0 . with 0 expressed in radian*. 

Execute: (a) Sirxe we can approximite Ihc angles of moderxe on tlx prism a* being small. Snell's Law lell* 
us tint an incident angV? of 0on tlx tlat sxlc of the pram enters the prism at an angle of Ojn s where n is the 
index of refraction of the prism. Similarly on leaving the prism, the in-goang angle is Oin - A from the normal, 
and the outgoing angle, relative to the prism, is )\{Xjn - A). So the beam leaving the prism is at an angle of 
(f - n{Ojn - A) -t A from the optical a.\is. So 0 - (T - (n - \)A. At the plane of the source S . we can calculate the 


height of one image above the source: — - lan<0 - lf\a » (0 <« - I )Aaz*d- 2a^(»i - 1>. 

(h) To find the spacing of fringes on a screen, we use 

A t R/. _ R/. _ (2.1X1 in + 0.200 m) (5.00* 10 r ml } 57 ^10 m 

} J 2a4<n-\)~ 2(0.200 m) (3.50* 10 ' rad) (1.50-1.00) ' ™ 

Evaluate: The fnnge spicing is proportional to the wuvclcneth of tlue light. The biprism serves as an 


altcnxitive to two closely spared narrow slits. 





36.1. Imams Use y = xlm0 to calculate the angular position 0 of the IIM minimum. The minima are located by 
Eq.(36.2): sin0 = —. m=±1, ±2.. First minimum means m=\ and sin 0 =A/a and A = ai dntf. Use thb 


equation to calculate A. 

SET Up: The central maximum is sketched in figure 36.1. 


*.= lJ5m cu 


EXECVnS vj = xlan (A 


\35xKf 4 m , , 

-= 0.675 x 10^ 

2.00 m 

8=0.675x10*° rad 


Figure 36.1 

A = <jitn0 i =(0.750x10** m)sin(0.675xl0"* rad) = 50)6 nm 

Evaluate: 0 b small so the loproximalioa used to obtain Eq.(36.3) is vafad and this equation could have been 


36.2. iDEXniY: Ihc angle is small, so y m = x - . 

a 

SET Ur y, = 102 nan 

xA xA <0.600mM5.46xl<r’m) _,, . 

Execvte: y, =— -a — =-,-=3.21XlCr m. 

n a y, 10 . 2 x 10 -’ m 

EVALUATE: The diffraction pattern It observed at a distance of 60.0 cm from the slit 

36.3. lDE.vnr*: The dirk fringe* are located at angles 0 that satisfy imO = — . m = ±1 ±2. 


SET Ur The largest value of |im 0| is 1.00. 

EXECUTE: (a) Solve for m that cone*poods to *in0 = l: m = ^ = L —— = 113.8. The large*! value m 

can have ia 113. m =±1. ±2.±113 give* 226 dark fringe*. 

_ _ . . _ ( 585x10"* m , ... 


(lit ror m =±113. un0 = ±U3 


0.0666 < 


= ±0.9926 and 0 = ±83.O . 


EVALUATE: When the slit width a i* decreaied. there are fewer dark fringes. When a<A there are no dark 
fringes and the central nmimum completely fills the screen. 

36.4. lDE.vnrv and SET Ur Ala i* very small. so the approximate expression y. = R— is accurate. The distance 

a 

between the two dark fringes on either side of the central maximum is 2 >*,. 

Execvte: y l =^-= *s 0x 7q-^ m> = 2.95x10"* m = 2.95 mm. 2y\ = 5.90mm . 

Evaluate: When a is decreased, the width 2 v, of the central maximum increases. 


36.5. iDEVnry: The minima are located by sin 0 =- 

a 

SET UK a = 12.0 cm. x = 40.0 cm. 


36-1 
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36.6. 


36.7. 


36.8. 


36.9. 


EXECUTE: He ancle to the Gnt minimum ix 0 = 


9X)0cn, 


’Wcm 


So the distance from the central maximum to the fust minimum is just ^ = x tan $ = 

(40.0 cm)tan(48.6' 7 ) = ±45.4 cm. 

Evaluate: iXta is greater than l. so only the m = 1 minimum is seen. 

IDENTIFY: The angle that locales the first diffraction minimum on one side of the central maximum is given by 
smtf = —. The lime between crests is the penod T. / and A = — . 

SET Ur: The time between crests is the pebod. so T = 1.0 h . 


Execute: (a) / = — = 


T 1.0 b 


= 1.0 h"*. 

f 1.0 h" 


800 km 

(b) Africa-Antarctica: xin0 =-and 0=10.2 . 


1500 km 


Australia-Antai cLc a: sm0 = 


ind 0 = 115*. 


3700 km 

Evaluate: Diffraction effects are observed when the wavelength is about the same order of magnitude as the 
dimensions of the opening through which the wave passes. 

IDENTIFY: We can model the hole in the concrete banier as a single slit that will produce a single-slit diffraction 
pattern of the water waves on the shore. 

SET Ur: For single-slit diffraction, the angles at which destructive interference occurs are given by sin ft = mtia, 
where m = 1.2.3 . 

Execute: (a) The frequency of the water waves is/= 75.0 min -1 = 125 s -1 =1.25 Hz. so their wavelength is A = vv^= 
(15.0 cm r sV\T.25 Hz) = 12.0 cm 

At the first point for which destructive interference ocxurx. we have 
tan 0=(0.613 mV(3.20 m) -> 0= 10.84*. a sin 0= A and 

a = A/iin 0 = (12.0 cmy(sin 10.84*) = 63.8 cm. 

(b) First find the angles at which destructive interference occurs. 

sinft = 2 A/a = 2(12.0 cm)(63.8 cm)-s ft = ±22.1* 
sin ft = 3 A/a = 3(12.0 cmV(63.8 cm)-s ft = ±34.3* 
sin ft = 4 A/a = 4(12.0 cmV(63.8 cm) -♦ ft = ±48.8* 
sin ft = 5 A/a = 5(12.0 cmV(63.8 cm)-t ft = ±70.1* 

Evaluate: These are large angles, so we cannot use the approximation that ft mA/a. 

mX 

IDENTIFY: The minima are located by sin0 =-. For part (b) apply Eq.(36.7). 

a 

SET Ur: For the first minimum. m = 1. The intensity at 0 = Ois / 0 . 

EXECUTE: <a> %la0 = — = un9O.O l = l = - = -. Thut a = A = 580nm = 5.80x10“* nun. 


(b) According lo Eq.(36.7), 


I _ ;«D[.Ta(«n^)^)| ! _ |«n|a1« n ff/4)]| i _ nl1g 
/ c ' T<j(sin0) >1 | | ,T(sin.T/4) | 

/ |*n(<*/2Xtinff/4)]| l 


EVALUATE: If a = AI 2. fee example, ihen at 0 = 45“. — = 


= 0.81. At a! decreases. 


/, 1 <rr/2Xsm,r/4) ( 

ihe terten becomes more uniformly illuminated. 

IDENTIFY and SET Up: v = fX give* A. The per win bean no sound al angles corresponding lo diffraction 
minima. Tbe dil I taction minimi are located by tmO^mA/a. ot = ±L ±2. Solve foe 0. 

Execute: A =vlf = (344 m/t)/<1250 Hz) =0.2752 m; e = 1.00m.m = ±L 0 = ±16.O°; m = ±2. 

0 =±33.4°; m = ±3. 0- ±55.6°; no volution for larger m 

Evaluate: Ala = 0.28 to foe the large wavelength sound wave* diffraction by the doorway is a large effect. 
Diffraction would not be observable foe visible light because its wavelength is much smaller and A/a-Xl. 
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36.10. 


36.11. 


36.12. 


36.13. 


KDBfimr: Compare E f to the exprcsbxm E y = sin(*x - 6X ) and determine k. and Irom that calculate A. 

f =c/A. The dirk Kinds are located by sin0 = —. 

a 

SET Up; c = 3.00»10' m/s. The foil dark band corresponds to m = I. 

Execute: (a) E = £„ sin(*r - a *). k=^.=>A = — = -=S-24xlO- ; m. 

A k 1.20x10 m" 1 

/<< = c^/ = 4 = 3 0x|q,| ? t = S.73xlO» H*. 

’ A 5.24x10 m 

lb) M=A. a = —■ S ' 24Xl °’ m =1.09x l 0- < m. 

sinS Mn 28 . 6 " 

(c) <isia0 = mA <m=L 2. 3. ...). uatfj = ±2^ = 12 and 0,=±74 . 

EVALUATE: but m = 3. — is greater lhan 1 so only the fin I and secuod dark band* appeal. 
a 

iDEVnrY and SET Up: *in0 = A/a locates the first minimum. y=xtan0. 

Execute: lan^ = >/x = (36Jcm)/(40.0cm) and 0 = 4238'’. 
a = A/*m0 = (620x 10"* m)/(sin 42.38*') = 0.920 //in 

EVALUATE: 0 = 0.74 rad and *in0 = 0.67. so the approximation sin0 * 0 wuukl Dot be 
IDENTIFY: ne ancle is small, so y_ = x— applies. 


SET Up: The width of the central maxinxim is 2so >, = 3.00 mm. 

t * xA xA (2.50 m)(5.00xl0“’m) . . 

Execute: (a) >\ =— ->a- —=----,-- = 4.17x10^ m. 

71 o y, 3.00xl0“’m 

lb) d = id = (2.50m)(5.00» l 0-’m, =4 |7x , 0 , n| = 43cm 
y 4 3.00x10“* m 

(c) il = — — j — = 4.17x10“* m. 

3.00x10“* m 

Evaluate: The rallo alA Mays constant. *i a is smaller when A is smaller. 

IDENTITY: Calculate Ibe angular positions of the minima and uie y = xUm0 to calculate the distance on the 
screen between them. 

(a) SET LT: The central bright fringe is shown in figure 36.13a. 

Execute: The first 
minimum is located by 

...» A 

Mr--. 

0.350xl(T l 'm = 1 ^O^xKT* 

0. =1.809x10-* rad 



2 'l 


figure 36.13a 

y, = i tan 0, = <3.00 m)tan(l.809x10“’ rad) = 5.427x10“’ m 
n=2y, = 2(5.427xl0 J m) = 1.09x10** m = 109nun 

(b) SET Up: The first bright fringe on one side of the central maximum is shown in figure 36.13b. 

Execute : n=y 2 - y, 

>•,=5.427x10-’ m (part (a)) 

sin®,: — = 3.618xl0 J 
a 

0, = 3.618X10"’ rad 
y, = > tan S, = 1.085x10-’ m 

figure 36.13b 

H =yj-y, =1.085x10-’ m-5.427Xl0 J m = 5.4 non 

Evaluate: The central bright fringe is twice as wide as the other bright fringes. 
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*.14. Identity: /=/,; \ • fi = %**>*■ 

SETUP Theangle 0 it small. so sin0* tan0» y/x. 

Execute: fi = ^0.^UL= ******'* y=( ,520m-) y . 
<1 ^ * (6.20«10 mH3.00m) 

(.) v = 1.00xl0-' m ^= ,l5;0lP " K10,,<10 ~ ,ml = 0.760. 


«n(^2)| 1 _ 1 :«n(0.760)'_ 
“0760“' " 


0.822/ 






= 5QQxlQ~ , m:—= ,IS ~° m >m> = j m 


-\-nr -° 


0.0259/ 


EVALUATE: The foil minimum ocean at r■= —- =4.1 

1 a 4-50x10 m 


nun . The distance* in part* (a) 


and (b) are within the central maximum. >• = 5.00 mm U within the fust secondary maximum. 
36.15. (a) Identify: Use Eq.(36.2) with m = 1 to locate the angular position o(the first minimum a 

y = xtanW to find its distance from the center of the screen. 

SET Up: The diffraction pattern is sketched in figure 36.15. 


-'-t 



540X10"* in 


= 2.25X10*’ 


0240x10" m 
9 =2.25x10*’ rad 


Figure 36.15 

y, = <tan0| =(3.00 m)tan<2.25xlO"’ rad) = 6.75x10*’ m=6.75mm 

(b) IDENTIFY and SET Up: Use Eqs.(36.5) and (36.6) to calculate the intensity at this point. 
Execute: Midway between the center of the central maximum and the first minimum implies 

y =1(6.75 mm) =3.375x10*’ m. 


3.375 X10** in 


= 1.125X10**: 0= 1.125X10*’ rad 


x 3.00 m 

The phase angle f) at this point on the screen is 


[0240x10“* m)xio(l. 125x10“* rdd) = *. 


i A ) 540X10 m 

/ = ;^j- |(6.00xl0"* W/m J ) = 243X10"* W/m 1 . 

EVALUATE: The intensity at this point midway between the center of the central maximum and the first 
minimum is less thin hall die maxinwim intensity. Cempire this result to the corresponding one lor the two-slit 
pattern. Exercise 35.23. 
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36.16. IDEVTIVY: In Ibe single-ilil diflrxtion paltciu. Che intensity is a maximum al Ibe center and zero al tbe dark 
spols. Al olbcf points, it depends oo ibe angle al which ooc is observing Ibe light. 

SET Up: Dark fringes occur when un = m)Ja, where m = 1.2. 3.and the intensity is given by 

. '‘"*0/2]* *annO 


! tf /2 


. where Qi2 = 


Enan: (a) Al Ibe maximum potable angle. 0= 90'. no 

= [maxGOyk = <0.0250 mraV(632.8 nm) = 39.5 


Since m must be an integer and sin 0rausC be - 1. = 39. Hie total number of dark binges is 39 oo each side of 

the central maximum for a total of 78. 

<b) The farthest dark fringe is for m = 39. giving 

sinfl,, = (39X632.8 nmWO.0250 mm) -> 0» = ±80.8' 

<c) The next closer dark fringe occurs at sin^, = (38)<632.8 mn)i l (0.0250 mm) = 74.1’. 

The angle midway these two extreme fringes is (80.8' ♦ lA.Vyi = 77.45'. and the intensity at this angle is / = 

r ..here /t/ 2 = , 121.13 rlwUth 

0 >9/2 ' H A 632.8 nm 

give, / =(8.50 W/m 2 ) ,in(l21 l5rj<l) ‘ = 555 X 1CT* W/m 1 
* ' 121.15rad 

EVALUATE: At the angle in part (c). the intensity is so low that the light would be barely perceptible. 

36.17. iDEVnrv and SET UP; Use Eq.(36.6) to calculate A and use Eq.(36.5) to calculate 1.0 = 3.25’. 

8 = 56.0 rad, a = 0. lOSx 10 J m. 


(a) EXECUTE: /> = ' — \iiiiD0 so 

, 2*<isin0 2*<0.105<10 J m)sin3.25" , (n 
a 56.0 rad 


(b) / = /. 


sin on 


|sin(28.0 rad)) 2 =936x10'’/, 


' ’ '\ pi2 ) 1 /PI- - 1 (56.0rad) 1 -- - 6 

EVALUATE: At the first minimum /? = 2T rad and at the point considered in the problem fi = 17.8* rad. so the 
point is well outside the central maximum. Since /? is close to m» with m = 18 this point is near one of the 
minima. The intensity here is much less than 


36.18. iDEVTtr*: Use /f = —j-sin0 to calculate p. 

SET Up: The total intensity is given by drawing an arc of a circle that has length £, and finding the length of the 

chord which com eels Ibe starting and ending points of the curse. 

Execute: (a) 0 = ^L>io0 = ~ TI ^ =*. Rom Figure 36.18a. *— = E,rtE = — 
a a 2d 2 /T 


The intensity is / = — 7 0 = = 0.405/.. This agree* with Eu.(36 J). 


2mu 2xu X 

(b) 6 =-sin 0 =-= 2*. Rom Figure 36.18b. it is clear that the total amplitude is zero, as is the intensity 

A A a 

This also agrees with Eq.(36.5). 

2&a 2xa 32 £T 2 

(c) /? = ___sin0 = -l—111 = 3*. RomFigure 36.18c.3*-3- = £, E, =~E t . The intensity is 

/=j — | , ‘ = -^T 1 ' Tlu ' wilh Bq.<36.5). 
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36.19. 


36.20. 


EVALUATE: In part (a) tbc point i* midway between tbc center of (he central maximum and the lint minimum. 
In put (b) the point is at tbc lint maximum aixl m (c) the ptxnl is approximately al tbc location of the first 
secondary maximum. Hie phasor diagrams help illustrate the raped decrease in intensity at successive maxima. 





Figure 36.18 

KDBfnrr: Hie space between tbc skyscrapers behaves like a single slit and diflrarts the radio waves. 

SET Ur: Cancellation of the waves occurs when a sin 0= m= 1.2.3.and the intensity of tbc waves is 


_ iinp /2 | A £<i sin 0 

S i%gnb y l 0 ^ , . where fi !2 = —-- 

EXECUTE: (a) Firrt find the wavelength of the waves: 
X = c/f = (3.00 X 10‘ tnf*V(88.9 MHz) = 3.375 m 
For no signal. a sin 0= mX 
m = 1: tin ft = (1X3.375 mX(15.0 m) -> ft = ±13.0" 

"i = 2: sin ft = (2X3.375 mV(15.0 m) ft = ±26.7" 
m = 3: sin ft = (3X3.375 mWlS.O m) ^ ft= ±42.4" 
m = 4: sin ft = (4X3.375 mX(15.0 m) ^ ft = ±64.1” 


(b> I, 


1112 


■ 

f = 


3.375in 


*(3S0WWHi§2£« =2.08 W 


EVALUATE: The wavelength of Ihe radio waves is ver>' long compared to that of visible light, but it is Hill 
considerably shorter than the distance between the buildings. 

IDE-Vnrv: Hie net mlenuty is the product of the factor due to single-slit diffraction and the larta due to double 
slit interference. 

SET tin The doublc-dit facta is / M = /„ CCB 1 ? ; and the single-slit facta is / B =; , . 

Execute: {»)d>\n0=mX^aDB= mX/d. 

iin ^ = XJd. sin ft - 21W. sin ft = 3 XJd. sdnft = AXJd 

(b> Al the interference bright fringes. cos’tf2 = 1 aod fill = = ^nitwB 

A A 


At A. sin A = ?Jd so 0/2 = 




= /r/3. Hie intensity is therefore 
sin/T/3 i 2 




,T/3 


= 0.684/n 


At ft. sin ft = 2-t/d. so d/2 - ; T ' J ' ■ 11 —*' £* = 2±/3 . Using the same procedure as for ft. we have /, = 


At ft. we get fll2 = lt . which gives /, = 0 since sin x = 0. 

At ft. sin ft = 4/i/J. so ft/ 2 = 4jt/ 3 . which gives /, = /,! | = 0.0427 / a 


4.T/3 

(c) Since d=ia. every third interference maximum is missing. 

Id) In Figure 36.12c in the textbook, every fourth interference maximum al Ihe sides is missing because d = *a. 
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EVALUATE: The result in this problem is different from that in figure 36.12c because in lias one d = 3a. so 
every Ihird inlerlerence maximum at the sides i* rairaing. Also Ihe •‘envelope" of the intensity function decreases 
mote rapidly here than in figure 36.12c became Ibe fM diffraction minimum is reached sooner. arxl the decrease 
in intensity from one interference maximum to the next is faster foe a=d/3 than foe a = d/4. 

36.21. (a) IDENTIFY arxl SET CP: The interference fringes (maxima) are located by d nnfl= mX. with 

m = 0. ±L ±2 .... The intensity/in Ibe dillrxtian pattern is given by / = / Ci .with fl = \^-\aOat 

We want m = ±3 in Ihe lint equation to give 0 that makes / =0 in the second equation. 

Execute: dan0 = mX gives fi = \ — |a ^-| = 2*(3 aid). 


Majlll 


= 0 so fl = 2r and then 2ff = 2«(3a/d) and (d/a) = 3. 


(b) IDENTIFY and SET IIP: Fringes m = 0. ±1. ±2 are within the central doUi*tion maximum and the m = ±3 
fringes coincide with the first dillraction minimum. find Ibe value of m for the fringes that coincide with the 
second diffour boa minimum. 

EXECUTE: Second minimum implies 8 = 4 ft. 


0=[*l)a*nO=[ H ;a| ^i; = 2«m(a/d) = 2*(m/3) 


Then 0 = 4* says 4* = 2JTfiw/3) and m = 6. Therefore Ibe /n = ±4 and /n =+5 fringes are contained within the 
first diffraction maximum on one side of Ibe central maximum; two fringes. 

EVALUATE: The central maximum is mice as wide as the other maxims so it contains more fringes. 

36.22. IDENTIFY and Set Up: Use Figure 36. 14b in the textbook. There is totally destructive interfereixe between slits 
whose phasors are in opposite directions. 

Execute: By examining the diagram, we see that every fourth slit cancels each other. 

Evaluate: The total electric field is zero so the phasor diagram corresponds to a point of zero intensity. Ibe 
first two maxima are at d = 0 and C = n . so this point is not midway between two maxima. 

36.23. (a) IDENTIFY aixl SET Up: If the sbls are very narrow then the central maxinxim of the diffraction pattern for 
each slit completely fills the screen and the intensity distribubon is given solely by the two-slit interference. The 
maxima are given by 

dx\n0 = mA so iin0 = mA/d. Solve for 0. 

. . . . - A 5S0xlQ“* m . ...i. 


Execute: 1st order maximum: m = l. so un0 = — =- 

d 0.530x1 


= 1.094x10“*: 0 = 0.0627” 


2nd order maximum: m = 2. so sin^ = ^l = 2.188x10“*; 0 = 0.125° 

(b) Identify and SET Up: The intensity is given by Eq.(36.12): / = / 0 COi*(#/2)j | . Calculate ^ and 

/? at each 0 from port (a). 

Execute: *=[*££ j«fa*=j ; ^lj = 2 am. so cos ! (d/2) = cos J <™T) = l 
(Since the angular positions in pat (a) correspond to interference maxima.) 

H ^rH = ( ]l t 


1st order maximum: m = l. so / = /.(!) ***22*121 =0.249/ 

' (3.794/2) rad I 


-“-I™ 4 ; 


2nd order maximum: m = 2. so / =/.<1), : ' =0.0256/ o 

EVALUATE: The first diffraction minimum is at an angle 0 given by sm0=Ala v> 0 = 0.104°. The fust order 
fringe is within the central maximum and the second order fringe b inside the fiat diffraction maximum on one 
side of Ihe central maximum. The intensity here al this second fringe is much less than /,. 

36.24. IDENTIFY: A double-slit bright fringe is missing w hen it occurs al th- same angle as a ttouble-slit dark fringe. 

SET Up: Single-slit diffraction dark fringes occur when a sin 0 - mX. and double-slit interference bright fringes 
occur when dim 0= m X. 
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Execute: (a) The angles arc the sanx lot carxellalicn. so dividing the equation* gives 

dJa = m im m Im = 7 -> m = 7m 

When m = 1. m =7; when m = 2. m' = 14. and so forth, so every 7* bright fringe is missing from the double-slit 
interference pattern. 

Evaluate: <b) Tbc result is independent of tbc wavelength, so every* 7* triage will be cancelled for all 
wavelengths. But the bright interference fringes occur when dim 0= mx. so the location of the cancelled fringes 
does depend on tbc wavelength. 

36.25. IDENTIFY and SET Up: The phase* diagrams are similar to those in Fig.36.14. An interference minimum occurs 
when the phasors add to zero. 

Execute: (a) The p&isor diagram is given in figure 36.25a 

> 

«na» t -’ 11 

i 

Figure 36.25a 


There is destructive interference between the light through slits 1 and 3 and between 2 and 4. 
<b) The phasor dagram is given in figure 36.25b. 



Figure 36.25b 


There is destructive interference between t be light through slits 1 and 2 and between 3 and 4. 
<c) The phasor diagram is given in figure 36.25c. 

O 

3 

Figure 36.25c 


There is destructive interference between light through slits 1 and 3 and between 2 and 4. 

EVALUATE: Maxima occur when 0 = 0. 2x. 4*. etc. Oir diagrams show that there arc three minima between 
the maxima at 0 = 0 and 0 = 2.T. This agrees with the general result that for iV slits there are A’-l minima 
between each pan of principal maxima. 

36.26. iDEYTirY: A double-slit bngbt frmge is missing when it occurs at tlx same angle as a double-slit dark fringe. 

SET UP: Single-slit diffraction dark fringes occur when a sin 0 = mA and double-slit interference bright fringes 
occur when diin 0= m A 

Execute: (a) The angle at which the first bright fringe occurs b given by 
tan 0i = (1.53 mmV(25CO mm) z> 4 = 0.03507”. d sin # = A and 

d = A/(sin#) = (632.8 nmVsin<0.03507”) = 0.00103 m = 1.03 mm 
<b> The 7* double-slit interference bright fringe is jiat cm celled by the 1* diffraction dark fringe, so sin#** = A/a 
and im 0 ^ = 7A/d 

The angles are equal, so A/a = 7 A/d ->a = df 7 = (1.03 mm >7 = 0.14S mm. 

EVALUATE: We cm generalize that if d = no, wbere n is a positive integer, llxn every it* double-slit bright fringe 
will be missing in the pattern. 

36.27. lDE.vnrY: The diffraction minima are located by sin# = and the two-slit interference maxima are located 

a 


>1 




The third bngbt band is missing because the first order single slit minimum occurs at the same 


ingle as the third order double slit maximum 
SET Up: Tbc pattern is sketched in figure 36.27. 


3 cm 
cm 


= 1.91 


Execute: Single-slit dark spot: <j»n# = A 


KM 


sin# sinl.9L 
(5C0n 
sin# sini.91 


= 1.50x10* did = 15.0 am (width) 


Double-slit bright fringe: dsin# = 3A and d = - - 4.50x10* nm - 45.0 am (sepmilion). 
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36.28. 


36.29. 


36.30. 


36.31. 


36.32. 


Evaluate: Note that dla = 3.0. 




S! / 


Figure 36.27 


iDEvnrv: The maxima axe located by dsinf* = mA. 

SET lip; The order correspond* to the value* of m. 

Execute: First-older: dtin 0 t =A. Fourth-order dsinfl, = 4 A. 
dtm0. 4 A 

-i = _. *inft=4sinfl=4*in8.94' and 0, =38.4". 

dsio^ A 

Evaluate: We did not have to solve fur d. 

iDEVnry and SET Up: The height band* are at angle* 0 given by dim0 = mA. Solve foe d and then solve fox 0 
fox the specified Older. 

Execute: <■>0 = 78.4* fox m = 3and 2 = 681 nm. so d = m2/sin0 = 2.O86xUr < cm 
The number of slits per cm is 1 Id - 4790 stits/cm 

<b) Itlcrdo: m = l. to *in0=4/d = (681XlO* m)/<2.086x10-* m) and (' = 19.1° 

2nd oedex: m = 2. so ^n0 = 2Ald and 0=40.8' 


(c) Fox to = 4. sin 0 = A A / d i* greater than 1.00. *o tbexe is no 4th-oxdex blight band. 
EVALUATE: The angulax positioo of the bxighl band* lux a particular wavelength increase* as 
IDE-Vnr*: The bright spot* axe located by diio0 = mA . 

SET Up Third-order means m = 3 and secood-oedex mean* m = 2. 
mA mA mA 


EXECUTE: 


Hi 


tinO. *m0 r 


Evaluate: The thffd-order line for a particular X occur* at a larger angle than the second-order line. In a given 
order, the line fee violet light (400 nm) occur* at a smaller angle than the line lor red light (7CO nm). 

IDEYTIFY and SET Ur: Calculate d for the grating. Use Eq.(36.13) to calculate 0 for the longest wavelength in 
the visible spectrum and verily that 0 is small. Then use Eq.(36.3) to relate the linear separation of lines on the 
screen to the difference in wavelength. 

Execute; (■) d = ' —; cm = l. 111x10-’ m 
1 900 1 


Fox ^ = 700nm. Aid = 6.3x10"*. The fust-order lines axe located at na0 = A/d; sin 0 i* small enough for 
*m 0--0 to be an excellent approximation. 

(b) y=xA/d. where » = 2.50 m. 


The distance oo the screen between 1st order blight band* lot two dillerent wavelength* is Ay = «<A A)/d. so 
AA=J(Ay)lx= 0.1 llxlGT 5 0X3.00x10* m)/(2.50ra) = 13.3nm 

Evaluate: The smaller d is (gxeatex number of lines per cm) tbe smaller the AX that can be measured. 
IDENTITY: The maxima axe located by dan0 = mA. 

Setup: 350sUt*.'nim^d= ' . =2.86x10"* m 

3-50X10 5 m-' 
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36.33. 


36.34. 


36.35. 


36.36. 


36.37. 


Execute: m = 


= Jffcxin -1 ; = 
d 


4.00x1 m 


= 8.05 . 


SL*=MCrin 




, 2.86x10* m ) 

_ ?,00> ", m ' = 14.18. =14.18'-8.05"-6.13'. 

dI l 2 . 86 x 10 -' ^ 

■3/1 

d 


m = i: 0 m = arcsin —I = arcsin -- 1 = 24.8". 


3 < 4 .(X)xlO'’ m) 


ft* = axe*in| — i = axcsin 


2.86x10"' in 

Evaluate: &0 is lager In thnd aider. 

iDEVnrV: The maxima axe locked by dsintf = «U. 

Setup: d = 1.60x10-* m 

'mA | . I to|6.328x 10-’ m) 

—— | = arciin . 


Execute: 0 = re«in 


= atanCI0.3961m). Bn m=l. «= 23.3 s . Foe 


m = 2.0, =52.3'. There are noiXhermaxima. 

Evaluate: The reflective unlace produces the same inlCTlereore pattern as a glaring with slit reparation d 
IDEVnrV: The maxima aic located by daa0 = mA. 

Setup: 5C00sUto/(m=>d = £^?^— ,=200x10* m. 

, dtiaO (200x10* m)sinl3.S . 

Execute: (a) A = -=-= 4.67x10* m 

m 1 

2(4.67X10"’m) 


(b) oi = 2 : 0 = arc'in — | = 


= 27.8. 


200 x 10 * m 

Evaluate: Since the angles are fairly small, the second-order deviation is approximately twice the fnsl-oider 
deviation. 

lDE.vnrV: The maxima axe located by diia0-mA. 


SET UP: 350 slils.'rara - d = 


3.50«1(T m 


= 286X10*10 


Execute: 0 = rearin' ^ j = arcsin. . = arcon((0.182)m). 

m = 1: 0=105”: m =2: 0=21.3". m = 3: 0 = 33.1”. 

Evaluate: The angles axe not precisely proportional to m. and deviate nicer from (wing proportional as the 


lDE.vnrV: The resolution is dexnbed by R = —- = A'm . Maxima axe located by d sin 0 = mA . 

AX 

SET UP: For 500 sliu/mm. d = (5C0 si**/ mm)" 1 = (500.000 shts/m)"'. 

Execute: CHV = J- =_l^SxUT^_ 820rfu , 

mAA. 2(65645x10"’m-6.5627xl0"’m) 

(b)0 = sin" 3 ; ^ j- ^ =wn* < ((2X6.5645xl0’ ? mX5CO.C0O ra*‘)) = 41.0297’aixl 

6 1 = sin* , ((2X6.5627xl0'’ m)(500.0CO m* < )) = 41.016a^ A0 = O.O137* 

EVALUATE: dcwO dO = Xf N . so foe 1820 sills ibe angular interval A0 htlutcn each of lh« maxima and the 

A 6.56 xlO" 7 m t 

=0.0137 . This is Ibe same as Ibe angular 


fin* adiaccnl mimmum is A0 =- 3 - 

SdcwO (1820X2.0x10 m)cos4r 

strparaboo a! Ibe maxima for ibe two wavelengths and 1820 slits is just sufficient to resolve 
in second order. 

IDE-Vnrv: Ibe resolving power depends on the line density and Ibe width ol the grating. 
SET Up Ibe resolving power is given by R = Nm = = AJAA. 

Execute: (a) R - Vm = (5000 lines/craX3.50 cm)(l) = 17.500 
(b) Ibe resolving power needed to resolve ibe sodium doublet is 

R - AJAA = (589 nmV(589.59 nm - 589.00 nm) = 998 


two wavelengths 




36.58. 


36.39. 


36.40. 


36.41. 


36.42. 


36.43. 


36.44. 
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so this grating can easily revolt the doublet. 

(c) (i) R = AJAA Since/? = 17300 when m = 1. R = 2 X 173W = 35.003 foe m = 2. *njcrefocc 

AA = X/R = (587.8 nmV35.0(X) = 0.0168 nm 
a^ = A +AA = 587.8032 nm ♦ 0.0168 nm = 587.8170 nm 
(ii) A^ = A-AA = 587.8002 nm -0.0168 nm = 587.7834 did 

EVALUATE: (iii) Therefore the range of resolvable wavelength* is 587.7834 nm < A < 587.8170 nm. 


Identify and Set Up: — = Nm 

AA 


Execute; N = 


587.800 2 not 


587.8032 


= 3302*fcls. 


lV 


^ = 2752 ^ 


ihAa (587.9782 nm-587.8(»2 nm) 0.178 1.20 cm 1.20 cm 

Evaluate: A smaller number of slit* would be Deeded U> resolve these two lines in higher order. 
IDENTIFY and SET Up: The maxima occur at angle* 0 give® by Eq.(36.16). 2d sin 0 = mA. where d is the 
spacing between adjacent atomic planes. Solve foe d. 

Execute: second ceder says m = 2. 

d =JHL= aa0g50 * 10 - m > = 132X10-* m = 0.232 am 


2 &n 213° 

Evaluate: Out result is similar to d calculated in Exanyle 363. 
IDENTIFY: The maxima arc given by 2d*in0 = mx . m = 1 . 2 .... 
SETUP: d = 3.50xl0“*° m. 

2d sin 0 


Execute: (a) 01 = land A = 

m 

...... Ml ( 1.81x10-” m 

doesn’t have any solutions for 01 > 3 . 
Evaluate: In this problem A/d = 0.52. 


= 2(3.50x10 m)sinl5.0' = 1.81x10“" m = 0.181nm. This is an x ray. 
= m( 0.2586). m = 2: 0 = 31.T. m = 3: 0 = 50.9 . Thecouatioo 


IDEVTIFY: Rayicigb’s enterion says sin 0 = 1.22— 

SET Up: The best resolution is 0.3 arc seconds, which is about (8.33X 10"*)°. 

E*ecv,e: 0 

sin 0 sin(8.33xlO“ 5v ) 

Evaluate: <b) The Keck telescopes are able to gather more light than the Hale telescope, and 
bence they cm delect fainter Objects. However, their larger size does not allow them to have 
resolution—atmospheric conditions limit the resolution. 


IDEVTIFY: Apply sin0 = 1.22—. 

Setup: 0 = (1/6O) 

.. 1.22* 1.22(53xlO" 7 m) . 

txxajn: D= -^= , i , o / 60 ) = 2 - 3 | x | ° J '°= 2 - 3 

Evaluate: The larger the diameter the smiller the mgle that can be resolved. 
lDE>mFY: Apply sin 0=1.22—. 


SETUP: 0 = —. where W =28 km and h = 1200 km. 0is small, so 

Execute: D = = 1.22>lA = 1.22(0.036m) 1,2x10 m = 1.88m 

sin0 H r 2.8X10 4 m 

Evaluate: D must be signifarantly larger than the wavelength, so a much larger diameter is needed for 
micro waves than foe visible wavelengths. 


IDEVTIFY: Apply »n0 = 1.22—. 

SETUP; 0u small. k> »in0«0-l.COxIO-* rad. 

, Dsiaff Off (8.00X10* m)(1.00xl0**) 

EXECUTE: A = --=--0.0656 m = 656 cm 

1.22 122 122 
Evaluate: A correspond* »o miciowavej. 
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36.45. 


36.46. 


36.47. 


36.48. 


36.49. 


36.50. 


Identify ami Set Up: The angular si xc of the first dark ring is given by sin 0 i = 1 22X1D (Eq.36.17). Calculate 
0 i . and Iben the diameter of the ring on the screen is 2(4.5 m)tan0,. 


EXECUTE: sind< =1.22 - 2 - 

1 7.4x10-* m 


620 x 10 -* m 


= 0.1022; 0, =0.1024 rad 


The radiixt of the Any disk (central bright spot) is r = (4.5 m)tan^ =0.462 m. The diameter is 
2r = 0.92 m = 92 cm. 

Evaluate: AID- 0.084. For this small D the central diffraction maximum is broad. 

IDENTIFY: Rayleigh's criterion limits the angular resolution. 

SET Up: Rayleigh’s coterion is sin 0 0 = 1.22 A/D. 

Execute: (a) Using Rayleigh’s criterion 

sin0 ■ 0 = 1.22 A/D = (1.22X550 nmV< 135/4 mm) = 1.99 X 10" 5 rad 
On the bear this angle subtends a distance x. 0= x/R and 

x = R0 = (l 1.5 mX1.99 x 10*’ rad) = 2.29 x I0" 4 m = 0.23 mm 
<b> At fill* D is 4/22 times as large as at Since 0is proportional to l/D. and x is propcetional to 0, x is 
17(4/22) = 22/4 times as large as it was at fi*. x = (0.229 mmX224) = 1.3 mm 

Evaluate: A wide-angle lens, such as coe hav ing a focal length of 28 mm. would have a much smaller opening 
at fT 22 and hence would have an even less resolving ability. 

IDENTIFY and SET Up: Resolved by Rayleigh’s criterion means angular separation 0 of the objects equals 
1 .12X1D. The angular separation 0 of the objects is their linear separation divided by their distance from the 
telescope. 

EXECUTE: 0 = 250x10 m . where 5.93x10“ m is the distance from earth to Juptfer. Hus 0 = 4.216x10-’. 
5.93x10“ m ^ 

t r, 1-22* 1.22(500x KT* m) m 4r 

Then 0 = 1.22— and D = -=-1----1.45 m 

D 0 4.216x10” 

Evaluate: This is a very large telescope minor. The greater the angular resolution the greater the diameter the 
lens or minor must be. 

Identify: Rayleigh’* criterion says 0 m = l.22—. 


SET Up D = 720 cm . 0^ = —. where sis lb: distance of the object from the lens and y = 4.00 nxn 

s 

EncUT.: — = 1.22—. J = jg_ g (4-OOxlO- , mX7.20xlQ-»n,) 


1.2 2A 122(550x10”* m) 


EVALUATE: The focal length of the lens doesn’t enter into the calculation. In practice, it is difficult to achieve 
resoluticn that is at the diffraction limit. 

IDENTIFY and SET Up: Let y be the reparation between the two points being resolved and let / be their dislrocc 

from the telescope. Iben the limit of resolution conespoods to 1.22 — = — . 

D i 

Execute: (a) Let the two points being resolved be the opposite edges ol the crater, so y is the diameter of the 
crater, fxn the moon, r = 3.8x10* m y = 1.224 s//). 

Hubble: D = 2.4 m and A = 400 nm gives the maximum resolution, so y = 77 m 
Arecibo: D = 305maol =0.75 m; v = 1.1x10* m 


<b) s = -L—. Let > ^ 0.30 (the sixe or a license plate), s = (0.30 m) (24 m)/|( 122X400X1m)J = 1500 km. 

Evaluate: D/X is much larger for the optical tclesxipe and it has a xmich larger resolution even though the 
diameter of the radio telescope is much larger. 

Identify: Apply sin0 = 1.22—. 

SET Up: 0 is small, so sin0 « 0. Smallest resolving angle is for short wavelength light (400 nm). 

Execute: 0«1.22— = (122) * ® = 9.61x10“* rad. 0 = 10,1 ^ IIU . where R is the distance to the star. 
D 5.08 m R 

10.000mi _ l6.CO.kn, = ,. 7x , tfltm . 

0 9.6x10 rad 

Evaluate: This is less than a light year, so there are no stars this close. 




36.51. 


36.52. 


36.53. 
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Identify: Let y be the ttpmXka belween the two points being resol\e<l and let s be tbeir distance from the 
telescope. The limit of resolution ctxresponds to 122 A/D = y/s. 

SET UP: j = 428 ly = 4.05 X10“ ra . Assume visible light, with A = 400 m. 

Execute: y = 122 >U/D=122(400x10'* m)(4.05xl0 u m/(10.0 m)=20x10* m 

Evaluate: The diameter of Jupiter is 1.38x \(f m so the resolution is insufficient, by about one order of 
magnitude. 

lDE>mFY: If the apparatus of Exercise 36.4 is placed in water, then all that changes is the wavelength 


A 


SET Up: Foe y « x . the distance between the two dark fringes on either side of the central maximum is 
D' = 2 /. Let D = 2y be the separation of 5.91x10'* m found in Exercise 36.4. 

, 2xX 2xA D 5.91x10'* m 


EXECUTE: 2y.=-=-= — = 


1.33 


= 4.44x10 m =4.44 mm. 


Evaluate: The water shortens the w avelength and this decreases the width of the central maximum. 


(a) Identify and SET Up: The intensity in the diffraction pattern is given by Eu/36 J): / = / 0 


612 


6/2 


where 


jasinft Solve for 0 that gives I = i/ 0 . The angles 0. and 0. arc shown in Figure 36.53. 

r 1 , sin/J /2 1 

Execute: /=-/, so —-= -— 

2 • an 12 


Let x = 6/2 ; the equation lor x is-= —* = 0.7071. 

x v*2 

Use trial and enor to find the value of x that is a solution to this equation. 


X 

(iini)/i 

1.0 rad 

0.841 

1.5 rid 

0.665 

12 rad 

0.777 

1.4 rid 

0.7039 

1.39 rad 

0.7077; 



&0=p.-0.\ = 26. 


(i) R>r -j = 2. sin ft =0.4425] 1 ; = 0.2212: ft = 12.78 f ; *0 = 20. = 25.6 
A 12 * 


1 


(ii) For j = 5. sin 0, =0.4425 - =0.0885. 0. = 5077* A0 = 2ft = 10.2* 


(iii)Foc 7 = 10. sin0 4 =04425| — =0.04425: 0. = 2-536°; A0 = 20. =5.1* 


(b) iDEVnFY and SET UP: sin 0. = — locates the first minimum. Solve for ft. 


Execute: <i) For - = 2. sin ft = -;ft = 30.0°; 2ft = 60.0' 
A 2 


(ii) Fox — = 5. sin* = -;^ = l 1.54*; 2* = 23.1 
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36.51. 


36.55. 


36.56. 


36.57. 


(Ui)Fo. 1 = 10. un^ = | jL | ; ft = 5.74'; 2^ = 11 .5" 

Evaluate: Either definition of the width shows that the central maximum gels narrower it the slit get* wider. 
fDEVTIFY: The two hole* behave like double slits and cause the sound waves to interfere alter they pass through 
the holes. The motion of the speakers causes a Doppler shift in the wavelength of the sound. 

SET Up; The wavelength of (he sound that strikes the wall is A = A, - v,T* ar*l destructive interference fust 
occurs where sin 0= A/2. 

Execute: (a) First find the wavelength of the sound that strikes the openings in the wall. 

2 = A,- v.r. = vif, - vjf = (*- vj If = (344 m/s - 80.0m/sW1250Hr) = 0211 m 
Destructive interference fust occurs where d sin 0= A/2, which gives 

d=AA2 sinf/i = (0211 mV(2 sm 117°) = 0.480 m 
lb) A = Wf= (344 nVsX1250 Hi) = 0.275 m 

sinfl= A/2d = (0275 mVI2(0.480 m)) -» 0= ±16.7" 

EVALUATE: The moving source produces souod of shorter wavelength than the stationary source, so the angles at 
which destructive interference occurs are smaller for the moving source than for the stationary source. 
lDE.vnr* and SET Up: sin 0 = Ala locates the first dark band In the liquid the wavelength changes and this 
changes the angular position of the fust diffraction minimum. 

A 

Execute: sin 0 m =—. sin=- 


A. u =<i, -— -0.4836 

' sin^ 

A = A^ln (Eq.33.5). so n = A m lA v ^ l =1/0.4836 = 207 

Evaluate: Light travels faster m an and n must be >1.00. The smaller A in the liquid reduces 0 that located 
the first dark bond. 

iDEVnrV: d = —. so the bright fringes are located by -J-sin 0 = A 
N |V 

SETUP: Red: -Lsin^, = 700nm . Violet: -Lsin-i, =400nm. 

EXECUTE: 22^. = 2. 0 , -ft, = 15"= «, +15". * 15 ' = 2. Using a trig identify from Appcndu B. 

sin (t, 4 sn0 v 4 

smtf,co*15" + co*<Lsinl5’ „„ „ 

——-—-= 7:4. cos 15”+cot//.san 15" = 7/4. 

sin «. 

Um0y =0.330 ~>0, = 18.3" and 0, = «, + 15" = 18.3'+ 15" = 33.3". Then ism 0,= 700 nm gives 


N = 


»D0. 


sin 33.3 


= 7.84x10’ lines, 1 m = 7840lines/cm. The spectrum begins at 18.3 and ends at 33.3 . 


700 nm 700x10 m 
Evaluate: As S is increased, the angular range of the visible spectrum increases. 

(a) IDENTIFY arxl SET UP: The angular position of the first minimum is given by usintf = mA (Eq.36.2). with 
m = 1. The distance of Uw minimum from the center of the puttem is given by y = x tan 0. 

sin0 = 2= m =1.50x10’’; 0 = 1.50x10-’ rad 

a 0.360x10-’ m 

>i = jlanf' = <1.20m)tan(1.50xl0-’ rad) = 1.80x10"’ m = 1.80 ram. 

(Note that 0 is small enough lor 0 » sin 0 - tan 0. and Eq.(36.3) applies.) 

(b) IDENTITY and SET Up: Find the phase angle fl where 1=1,12. Then use Eq.(36.6) to solve loc 0 and 
y = jtan 0 to find the distance. 


Execute: from part (a) of Problem 36.53. / = ^/ c when fi = 2.78 rad. 

fi = [¥- losing (Eq.(36.6». so sm0 = -^L. 

! x ) 2xa 

. , BXx (2.78 radX540xl0** mX1.20 m) _ 

y = x\an $"— = -- - -= 7.96xl(T in = 0.796 

2^(0.360x10 m) 

EVALUATE: The poml wtxre / = /,/2 is nut midway between the center of the central maximum arxl the first 
minimum: see Exercne 36.15. 
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36.58. Identify: / = / ( ; 
respect lo y u zero. 


The maximum intensity occur* when the derivative of the intensity function with 


Set Up; ^=co. y . ±(l)-£. 


-> Yco%Y=uny y=lan/ . 


*Y r M r - r ~T\- y f 

(b) The graph In Figure 36.58 is a plot of /(/)= y- Ian y. When /(/) equals ««o. there is an Intensity 
maximum. Getting estimates fiom the graph, and then using trial and error to narrow in on the value, we liod that 
the three smallest y -values are y = 4.49 rad 7.73 rad. and 10.9 rad. 

Evaluate: y= 0 is the central maximum. The three values of y »e found are the locutions of the first three 
secondary maxima. The first four minima are at y = 3.14 rad. 6.28 rad. 9.42 ral. and 126 rad. The maxima are 
between adjacent minima, but not precisely midway between them 

Gunnu mlM* 

Unreal prom* 



DO 2.0 4.0 6.0 80 10.0 12.0 M0 

Figure 36.58 

36.59. Identify «nd SET Up: Relate the phase difference between adjacent slits to the sum a! the phusors tor all slits. The 


phase difference between adi«nt slits is ^ = 


when 0 is small and sin 0 « 0 . Thus 0 = -^- 

A A 2JTd 


Execute: a principal maximum occurs when C = = m2n. where m is an integer, since then all the phase** 

idil The lint minima on either ssde ol the m“ principal maximum occur when $ = p x mM = mix ± (2 ft IN) and the 
phaor diagram (or N slits forms a closed lixip and the resultant phasor is zero. The angular position of a principal 

maximum is 0-\ — L The angular pwsiboo of the adjacent minimum is 


L-U- #- 4£ =* + J-i^\=e + ± 

“ Zrd ■“ S 2nd > N Nd 


The angular width of the principal miximum is 0 *- 0~ = as was to be shown. 

Nd 

Evaluate: The angular width of the principal miximuin decreases like 1/ N as N increases. 

36.60. iDEVriFV: The change in wavelength of the H, line Is due to a Doppler shift m the wavelength due to the motion 
of (be galaxy. 

SET Up: From Equation 16JO. the Dcopler effect formula for light is /, =. I-—-/<. 

\c + v 

Execute: Fast tied the wavelength of the light using the grating informatioo. 

A = d On & = [1/(575.800 iines'm)] sin 23.41’ = 6.900 x 10" 7 m = 690.0 nm 


Using Equation 16.30, we have /, = — -f t . In this case./j is the frequency of the 690.0-nm light that the 
counologisl measures, and/, is the fieuueocv of the 656.3-nm bght of the H, line obtained in the laboratory. 
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Solving fox vgive* v = 1 c. Since fA = c. / = c//i whkiigives/*f 5 = Substituting 

equatico fee v. we gel 


us inl«»Ibc 




i- 


656.3 mn 1 

690.0 Din 




l + .6563mn 
690.0 mn 


1,(3.00x10* n^l) = 1501 x 10 7 m's. 


which » 5.01% the speed of 

EVALUATE: Since v it positive. Ibe galaxy it moving anuy from ut. We can alto tee this became the wavelength 
hat increased due to the motion. 

36.61. iDEVnr* and SET UP: Draw the specified (fcasur diagrams. There.in totally dutiuctive interference between 
two tlilt when their phawnv are in opposite directions. 

Execute: (a) For eight sills. the phasor diagram* must have eight vectors. The diagrams foe e«h specified 
value of d are sketched in Rgure 36.61a. In each cate the phasoes all turn to zero. 

<b) The additional phator diagramt for p-3r/2 and 3?/4 are sketched in Figure 36.61b. 

Rn d = —. d = — • and d = —. totally deslnxtive interference occurs between slits four apart fxit d = —. 

totally destructive interference occurs with every second slit. 

Evaluate: At a minimum the i*asurs for all slits sum to zero. 



<*) 


Figure 36.61 


(b) 


36.62. IDE-Vnrv: Mauim are given by 2dno0 = mA . 

SET Up: d is the separation between crystal planes. 

Execute: (a) 0 = arcsm' — ' = arcsin' =arcsin(0.2216m). 

1 2 d ' 2 ) 0.282 nm) 


Fee n =1:0 = 12.8*. m- 
(b) If the separation d = 


2:1 

a 

H 


0 = 417°. and m = 4 :0 = 62.4'. No larger m values yield answers. 


So foe m = 1 0*18.3°. m = 2 0 = 38.8". andm-3: 0 = 70.1°. No larger m values yiekl answers. 

Evaluate: In part )b). where d is smaller, the maxima for each m are at larger 0 

36.63. lDE.vnrv and SET Up: In each case consider the relevant phasor diagram. 

EXECUTE: (a) For the maxima to occur for N slits, the sum of all the phase differences between the slits must 
add to zero (the phasor diagram closes on itself). Ibis requires that, adding up all the relative phase shifts, 

A'd = 2am. lot some integer m . Therefore d =-. fee m not an integer multiple of N. which would give a 

N 


(b) The sum of N phase shifts p = I—— brings you full circle back to tbc maximum, so only the N -1 previous 

N 

phases yield minima between each pair of principal maxima. 

Evaluate: The S -1 minima betw een each pair of principal maxima cause ihe maxima lo be come sharper ax S 
increases. 

36.61. IDEVTIFY: Sel d = a in the expression* for p and fi and use ibe resulls in Eq.(36.12). 

SET Up: Figure 36.64 show* a pair of slils whose widlh and separation are equal 
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Execute: Figure 36.64 ibjws that the two UiH are equivalent to a Jingle Jit o! width 2a . 

0 = ^Lant).so =«. So then the mtenuly i» 

A A 

L , (2«Dlpl2)oa(P/2))‘ »in'/f ... l**.) 

(fi/ 2 ) ———;— -I.---/ where 


whx*h i* bq. (35.5) with doable the slit width. 

EVALUATE: In Charter 35 we considered the limit where a«d. a >d is not passable. 


Figure 36.64 

36.65. IDENTITY and SET tin The cooditkm for an intensity maximum is dx in 0 = mA, m=0. ± L ±2. Third order 
means m = 3. The longest observable wavelength is the one that gives 0 = 90^ and hence 0 = 1. 

Execute: 6500 lnea/cmso 6-50x10 5 line*/m and d = -1- r m = 1.538xlO" 4 m 

hSOxlO 5 

^£^ = a£sxm^ =sl3xl(r , m=513nm 

m 3 

Evaluate: The longest wavelength that can be obtained decreases as the order increase*. 

36.66. IDENTIFY and SET Up: A* the rays first reach the slits there is already a phase diflcrence between adjacent slit* of 

2jtdxito(f 

---. This, addrd to the us ml phase difference introduced alter passing through the slits, v*clils the 


condition foe an intensity maximum. For a maxinxim the total phase difference must equal 2ffm . 

2 xdim 0 2 xd*n(f . , ^ . 

Execute: --— +---= 2*jn=>d(sin0+sin0) = /ra/. 

A A 


= 2 xm T 2 d (sin 0 +sin 0) = ml 


(b) 600 slits .'nun 


6.00X10 m 


= 1.67X10" 4 ol 


Fce 0 =C, 

m=0: 0 = jtfcsilO) = 0. 
fi = l: 0 = arcsin i J = arc 

"=- 1 : 0 =^'ri)= 

Fcb 0 = 20.0. 

iu = 0: 0 = aiuml- jin20l 


6.50x10"' m 
1.67x10"* m 


6.50x10" ra 
1.67x10"* m 


= -219. 


1 = -20.0. 


ii = 1: 0=*c *in 650>K ' "* - MU20.0 =2.71. 
1.67x10 m 


ni = -l: 0 = atom 


6.50x10* at 


-sin 20.0 =-47.0. 


[ 1.67x1" m ) 

Evaluate: When 0 >0. the maxima arc shifted downward on the screen, toward more negative angles. 

36.67. IDEVIIFY: The maxima are given by dxin0 = mA . We need sin $ = — £ lin ixder foe all the visible 


wavelengths are to be seen. 

SET UP: For 650 slits.'mm r>d = 


= 1.53XIQ" 4 m. 


5.5QX10 m 
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EXECUTE: 2, = 4.00xl0"’m:m = l:A = 0.26;m = 2:2A = 0.52;«n = 3:^A = 0.7S. 

d d d 

A, = 7.00X 10"' m: m = 1 : A = 0.46; m = 2 : = 0.92; m = 3 : ^A = 1 .37. So. the third order does not contain the violet 

d d d 

cod ol (he spectrum. and therefore only Ihe lira! and second in da diffraction pilterns contain all colon of (he sprehum. 
EVALUATE: 0 for each maximum is larger for longer wavelengths. 

36.68. IDENTIFY: Apply Mn 0 = 1.22—. 

SETUP: 0 U small, to sun 0 " wbae Axis (he laze of (he dclul and R=7.2xl0* ly. 1 ly =9.41x10“ km. l=df 

Execute: sin 0 = ■ .22 A- *„ A, = = ^2)13.00x10' km , K 7.2xitf ly) = 1Q6 , 

DR D Df (77.000X10’ km)(1.665xl0* Hz) 

(9.41x10“ km.'lyX2.06ly) = 1.94x 1(7’ km. 


EVALUATE: X. — IS cm. AID ii very small, so —Is very small. Still, R Is very large and Ar is many orders of 

magnilude larger (ban (he diameter of (he sun. 

36.69. IDE-Vnr* and SET UP: Add (he phases between adjacent sources. 

Execute: (a) <fsin0=m2. Place 1" maximum al c» or 0 = 90. d = A. II d<A. (his puts the firs!maximum 
"beyond “. " Thus, if d < A (here a only a single principal maximum. 

<b) Al a principal maximum when S = 0. (he phase difference due (o (be path different between adjacent slils 




This just scales 2eradians by (he fraction (he wavelength is of (he path dlleseoce between 


adjacent sources. If *e add a relative phase S between sources, we still must maintain a total phase difference of 
mto lo keep our principal maximum. 

^±S=0^^ 9 .=±S O. 0 = si»-( AL ; 

** A 1 2xd 1 


(c) d = - — = 0.0200 m (count (he number of spaces between 15 poinls). Lei 0 = 45 . Also recall fA = c. so 

c , 2K0.0200 m)(8.800xl0* Hz)Un45 .. 

=±---= ± 2.61 radians. 

(3.00X10* m s) 

EVALUATE: 6 must vary over a wider range in coder (o sweep Ihe beam through a greater angle. 

36.70. IDEVnry: The wavelength ol (he light is smaller under water thin it is in air. which will allect the resolving 
power of the lens, by Rayleigh's cn tenon. 

SET Up The wavelength under wata is A = AJn. and lot small angles Rayleigh’s criterion is 0= 1 22A/D. 
Execute: (■) In air the wavelength is A, = c/f= (3.00 x 10* m»sV(6.00 X 10 1 * Hz) = 5.00 X 10"’ m In water the 
wavelength i%A = Ajn = (5.00 X 10"’ my1.33 = 3.76 x 10* m. With the lens open all the way. we have D =/*2.8 = 
(35X1 mmV2»0 = (0.0350 mV280. In the water, we have 

sin 0= 0= 122 A/D = (1.22X3.76 x lCT’ my|(0.0350 my2.80) = 3.67 x KT® r«I 
Calling h the width of the resolvable detail, w e have 

0= w/R —» w = R0= (2750 mmX3.67 X 10"’ rad) = 0.101 mm 
(b» 0= 1.22 <W> = (1.22X5.00 x 10"’ mVl(0.0350 raV2.801 = 4.88 x 10"’ rad 

w = R0- (2750 mmX4.88 x 10" 5 rad) = 0.134 mm 

Evaluate: Due to the reduced wavelength undawater. the resolution of the lens is better under wata than in air. 

36.71. iDEVnrv and SET UP Resolved by Rayleigh's cn tenon means the angular separation 0 of the objects is given 
by 0 = 1221/D. 0 = y/i, where y = 75.0 m is the distance between the two objects and r is their distarce from 
the astronaut (her altitude). 

Execute: 21=1.22 A 


i = J D_ = (750 mX4.00xlQ-’ -■ = 4 ^ m = 492 ^ 

1.222 1.22(500x10* m) 

Evaluate: In practice, this diffraction limit of resolution is not achieved. Defects of vision and distortion by the 
earth's almosphae limit the resolution more than di(fraction does. 
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36.72. iDEVnrY: Apply nn0 = 1.22—. 


Set UP: 0 is small, so sin 0 -- — . where A* is the size of the details aixl R is tbc distance to the earth. 

R 

1 ly = 9.41x10” m. 

.. , , „ DAi (6.00x10* m)(2.50xl0’m) , „ ... .... 

Execute: (■> R = --=-,-= 1.23x10'' m = 13.1 ly 

122A (1.22X1.0x10 m) 

... . I.22AK (1.22X1.0x10'’ m)(4.221yX9.41xl0” m/ly) ... ... _. . , . 

<b) Ax =-=-— = 4.84xl(r km . This is about 10.000 tunes the 

D 1.0 m 

diameter of the earth! Not enough resolution (o see an earth-like planet! Ax 1% about 3 time* the distaoe Horn the 
earth to the Min. 

(c)Ai= ,1.22X l QxlO-mK59 l ,M9.4 1 .l^,n ly > = , |3x|q , m „ |30h , 

6.00x1 CT m 

^ ", 7 /^ — = 8.19xlO J : At is small complied to the size ol the planel 

EVALUATE: The Ytty large diameter ol Planel Imager allows a to resolve planet-sized detail at great distanes. 

36.73. IDENTIFY and SET UP: Follow the steps specified in the problem. 

Execute: (a) From the segment dy'. the (ration of the amplitude of E^ that gels through is 

<b) The path dilfcreocc between each little piece is 

y sin 0 o kx = k{D - y sin 6) => dE = sin (k(D - y sin 0) - 41). This can be rewritten as 

a 

dE = (kD - 4l)c ov(ky' *in0) + un(ky' sin 0)cos(*D - ta)\ 

a 

(c) So the total amplitude is given by the integral over the slit of the above. 

r> E = (‘*dE = ^ij^dy (sinf*D - a*) aa(kf sin 0) ♦ sintf/sin 0) rnfkD - ra)). 

But the secood term integrates to zero, so we have: 

E = —sinfkD -ta)[‘ a d/tcosfi/sin 0)) = E, sin (kD-0. r) ( ’‘° ( * > ,UI 01 \ 

IT a 6 6 ^*1 IT 7 


z> E = E, sin(i/> - rtf) ^2), . *****>?£ 

■ ka( sin 0)2 j xa( xm0);A 

M 0 = 0. = !->£ = EsinftP - rut). 


(d) Since /-E^f = /,! ^ fa( .* , * )/2> < s , t [ 2> *. where we have used /, = £ sin’( ta -<*). 

*n(sm 0)12 ) pi) 

Evaluate: The same result for 1(0) is obtained as was obtained using phasorv 

36.74. IDENTIFY and SET Up: Follow the Steps specified in the problem. 

Execute: (a) Each source can be thought of as a traveling wav e evaluated at x = R with a maximum amplitude 
of £ c . However, each successive source will pick up an extra phase from its respective palhlength to point 

P .0 = 1x\ J " n — ; which is Just 2«. the maximum phase, scaled by whatever fraction the path dillerence. 

d sin 0. is of the wavelength. X . By adding up the cuntributicms from each source (including the accumulating 
phase dillerence) this gives the expeessMm provided. 

<b) *»“—•«* = cos(*R - at ♦ nfi ) * i sin<*R - a* * nd). The real part is just cos (« - <a ♦ np). So. 

A’-i 

Re y Ejf i *~ m ”* ) f = V E l ccw( kR-(X + np). (Note. Re means “Ibc real pari of... "). Bui this is just 
ccw(*R - 41) + £’ <.’<»(** - 41 + *) + £ cw(kR - ox + 2p) + ♦ E cw(kR -(a + {N -\ty) 
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(c) " = £ c V e — e - e - = £, e -— f - V f - = N_Butrecall V 

L««=e *og<e ) = mckr >- Bul ^TTf= = r 


lulling emUu together 


F»-l 

5 V 


_ F .M»— -QI-OtlD 


tS">-<■**>) 


= £,lco«(£ -o» + (A'- 1)«*»'2> + i «n(*£ -<a + (N- l)c*/2)l 


Taking only the real part give* = EcoaflR-£» + (#-1W2) 


cos ,Vp/2 + 1 Sin VW2 - cos Vtf/2+isin ,V*V2 
co*<V2 * i sin p/2 - cos p/2 + isin p/2 
NW2) _ . 

»inp/2 


in'(A’d/2) 


(d) / = Igf - ^- (The ecu' term goe* lo i in (he lime average and is included in Ihe definition erf /..) 

wn (d/ 2 ) 


,4 *2 


: (*. A = 2. = 4Wf Looking at Bq.(33.9,. 


« 2 £^ 2 but far us / 0 <* _L = -i. 

36.75. Identify and SET Up: From Problem 36.74. /=/, 


(N^/2) 


Use this result to obtain each result specified 


in tbc problem. 

KXEtTTE: (a) lim/ Use IHopital’s rule. lmi - hm -—1 cx> *<^y/2) = N. So hm / = A' 1 /*. 

♦-* 0 *-<> sin ^/2 1/2 ; co««/ 2 ) *-* 

(b) The loculic© of tbc first minimum is when the numerator fust goes lo zero at —= T or The 

2 ^ 

width of the central maximum goes like 2 ^ m . so it is propoctiooal lo —. 

N 

(c) Whenever ^ = nx where n is an integer, the numerator goes to zero, giving a minimum in intensity. That is. 

2 jiX 

I is a mnunxim wherever i> - —This is true assuming that the denominator doesn’t go to zero as well which 

f* 

occurs when j - mx. where m b an integer. When both go lo zero, using the result from partfa), there is a 

maximum. That is. if — b an integer, there will be a maximum. 
iV 

(d) From part (c). if — is an integer we get a maximum. Thus, there will be iV -1 minima. (Places where — is 

A' iV 

not an integer leu fixed A' and integer n .) Fix example. n=0 will be a maximum, but n = 1.2.... .V-l will be 
minima with another maximum at n = A\ 

(e) Between maxima £ in a half-integer multiple of ffj ic ££. etc.) | and if V i* odd then 


W/2) 


L*o /-*/.. 


EVALUATE: These result* thow that the principal maxima become sharper as the number of slit* is increased. 






J7.I. iDEVnr* and SKI UP: CmuMIrr Ihe distance Ala O and 6 to O' as observed by an obiavei cm the giound 
(Rguie 37.1). 


» O 



A 0 B 

Figure 37.1 

EXECUTE: Simultaneous lo observer on (rain means light pubes from A' and B' arrive al O' at Ihe same lime. 
To observer al O light Horn A' has a longer distance lo travel than light from S' so O will conclude that Ihe pulse 
Irom A(A~) started before Ihe pulse al Sts'). To observer al O boll A appeared lo strike first 
Evaluate: Section 37.2 shows that if they are simultaneous to the observer on the ground then an observer on 
the train measures that Ihe boll at S' struck firsl 

37.2. (a)v = _—1-= 229. / = yr = (2.29)(220xl0'*s) = 5.05xl<r‘s. 

•fl - (0.9) 1 

<b) d = st = (0.900) (3.00X 10* m/s) (5.05 X10"**) = 1.36 x 10 1 m = 1.3b km. 


37.3. IDEVnr* and SET IIP: Use problem asks fee u such Ihu Af 0 / Al = 

Execute: A/=-_^i— r gives «=c^-<Af,/Ar)' = (3.00x10* m/s)^l-| i ] =2.<0x10* nVs; “ =0.867 

Jet planes fly at less than ten times the speed of sound, less than about 3000 m/s. Jet planes lly al much lower 
speeds than we calculated far 11 . 

57.4. IDE.YTIFY: Time dilation occurs because the rocket is moving relative to Mars. 

SET Up: The lime dilation equation is A/ = >A/ 0 . where t : is the proper lime. 

EXECUTE: (a) The two time measurements arc made at the same place on Mans by an observer at rest there, so 
the observer on Mars measures the proper lime. 

<b) At = XV 0 = —--!--(75.0/a) = 435,* 

(0.985)' 

Evaluate: The pulse Uola for a sborler time relative to the rocket than it does relative to the .Mars observer. 

57.5. (a) IDENTIFY aixl SET UP: A t § = 2.60x10** i; A/ = 4-20xl0~ 7 s. In the lab frame the pion is created and decays 
at different points, so this time is not the proper time. 

Execute: Ai = *■ M> xl-4=f^f 

3T777 ? 1 At 


? 1 At 


- = jl-l 55» f = fl- “SaC ' f =0.998: u = 0.998c 
c V • At ■’ \ ' 420x10" s j 


Evaluate: u < c. as it must be. but uJc is close to unity and the time dilation effects are Urge. 

(b» IDEVTIFY and SET UP: The speed in the laboratory frame is m = 0.998c the time measured in this frame is 
Af. so the distance as nxasured in this frame is d = uAJ 
Execute: d =(0.998X2.998x10* m/s)(4.20xl0" 7 s) = 126 m 

Evaluate: The distance measured in the pton's frame will be different because the time measured in the pion's 
frame is different (shorter). 
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37.6. 


37.7. 


37.8. 


37.9. 


37.10. 


37.11. 


37.12. 


37.13. 


y=1.667 

0 y vfO.SOOc) 

(b) (0.300s) ( 0 . 800 c) = 7.20xl0’m. 

(c) Af, = 0.300s/y =0.180*. (Thu it what the racer measures your clock to read at that inslant.) Al your origin 

you lead (he original -- = 05 *. Clearly (he obiervett (you and (be racer) will nol agree on Ihc 

order of events! 

IDE.YTIFV and SET IJP: a dock moving with respxct to an observer ippears to run nxnc slowly than a clock at rest 
in the observer's frame. The clock in the spacecrall meatmen (he proper lime At,. Ar = 365 dayt = 8760 bourn. 
EXECUTE : The d ock on the moving tpacecrafl runt slow and show* the smaller elapsed time. 

Ar, = Arjl-ii'/c 1 = (8760hl^^f^MxT^TTOOxI^) 1 = 8758.88 h. The dilleremee m efapted tiroes is 
8760 h-8758.88 h = 1.12 h. 

iDEVnry and SET Up; The proper lime is meatured in (he frame where the two events occur at (be same point. 
Execute: (a) The (one of 12.0 ms measured by (he first officer on (he craft it the proper lime. 

(b) At= i ^-givet u = cJl-(A/ 0 /A/)' =c N ll-(12.0xl0 J /0.190) i = 0.998c. 

Evaluate: The observer at rest with respect to the searchlight measures a much shorter duration for (he evenL 
IDE-Vnr* and SET Up: I = The length measured when the spacecraft it moving is f = 74.0 m; (, it 

the length measured in a frame al rest relative (o (he spacecraft. 

.. . 1 74.0 m 

Execute: I, = - ■ - = -i = 92.5 m. 

vT-u'/c 1 ^-(0.600 def 

EVALUATE: /„ > I. The moving spacecraft appears (o an observer oo the planet to be shortened along the 
direction of morion. 

IDENTITY and SET Up When the meters tick is at rest with respect (o yon. you measure its length (o be 1.000 m. 
rod (hat is its proper length. /,. /=0.3048 m. 

Execute: / = f, *j\^u‘lc‘ gives u = c N il-(///,)' = efi- (0.3048/1.00)' = 0.9524c = 2.86x 10* m/s. 
iDEYnrv and SET Up: The 2.2 (is lifetime is A/„ and the observer on earth measures At. The atmosphere is 
moving relative to the muoa so in its (tame the height of (he atmosphere is I arxl /„ is 10 km. 

Execute: (a) The greatest speed the muon can have is c. so the greatest distance it can travel in 2.2X10' 1 s is 
d = \t= (3.00x10* m*X2.2xll r* s) = 660m = 0.66km. 

(b) Af = ^3-= = 4.9x10^ s 

vT-u'/c* ^1 - (0.999)* 

d=vt= (0.999X3.00x10* m/sX4.9xlO'’ s) = 15 km 

In the frame of the earth the muon can travel 15 km in the atmosphere during its lifetime. 

(c) /=(,>5-»'/c' = (10 kmhjl- (0.999)' =0.45 km 

In the frame of the muon the height of the atmenpbere is less than the distance it moves during its lifetime. 
IDENTITY and SET Up: The scientist at rest oo the earth's surface measures the proper length of the separation 
between the point where the particle is created and the surface of the earth, so /, = 45.0 km. The transit time 
mtiisurctl in Ibc particle's frame is tbc proper time. A(j. 

Execute: (a)t = !± = - ■•5 "<K | in -.uixMT* * 

v (0.99540X3.00x10* m/s) 

(b) /=(,«A~n 1 7c 1 = (45.0 km) v 'l-(0.99540)* =4.31 km 

(c) time dilation formula: Ar, = Ar v 'l-«'/c' =(1.51x10'* sUl - (0.99540)' = 1.44x10'’ s 


4.31x10* m 


from A/: t = - = . .~~ , -=1.44x1 O'* s 

v (0.99540X3.00x10* m/s) 

The two results agree. 

(a) I. = 3600 m . 


' = 0 —r=W» 00 m) ft- 


(4.C0X10 7 rn s Y 
(3.00x10* m s)‘ 


= (3600 mX0.991) = 3568 m. 
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37.14. 


37.15. 


37.16. 


37.17. 


37.18. 


37.19. 


(b) At, = —= 


wy> iq 


=9.0QxlQ~ ! a. 


u 4.00X10 m J 


(c) Ar = - = 


3568 id 


= 8.92xl0‘ 5 * 


u 4.00X10 ms 

Multiplying the last equation of (37.21) by u axxJ adding lo Ibc first k> eliminate / gives 

,w=r* 


uul multiplying the first by - 3 - mil elding to tbc last to eliminate x givcs 

to *sy(x*+«0 and / = >(/'+ta/c*), which is miked Ibc umc a* Eq. (37.21) with Ibc pcimed coordinaks 
replacing the urmrimed. and a change ol sign of u. 


✓ + U 

1*1 *•- 

0.400c + 0.600c 

v—— 7—r ~ 

1 + in c* 

1 +(0.400) (0.600) 

Ibt r- 1 *“ - 

0.90(X: + 0.600c _ no ,^ 

' u » 9 — . . v 

1 W c* 

1 + (0.9(OM0.600) 

»'+•« 

0.990:»0.600c _ n(M ^ 

w * T~’ T 
1 + 1 tv c* 

1 + (0.990M0.600) 


y = 1,667(y = 5/3if u = (4.5)cX 

la) In Mavit’s frame Ihe event •light cm" hit space-time coordinates «* = 0 and ( = 5.00 ». so from 


Exercise 37.14 or Example 37.7. x = y(/ + ul~) tod f = v| r' + 


result of 

* = yur* = 2.00xlO’m./ =yf' = 8.33 t. 

(b) The 5.00-t Interval In Mavis'* frame it the proper lime Af 0 In Eq.(37.6). to Af = yA l 0 = 8.33 s. at in part (*X 

(c) <833 *) (0.800c) = 2.00x10* m. which it the distance x found In part (aX 

iDEVnrVi The relativistic velocity addition formulas apply since the speeds are dose to that of light- 
SET lip; The relativistic velocity addition formula is V. = ———. 

Execute: (a) Foe the pursuit ship to catch the cruiser, the distance between them must be decreasing, so the 
velocity of Ihe cruiser relative to the pursuit ship must be directed toward the pursuit ship. 

(b) let the urprlmed frame be Talixiine and let the primed train: be Ihe pursuit shp. We want the velocity V if Ihe 
cturee knowing Ihe velocity of the primed frame a arxl the velocity of the cruiser v in (he tmpnmed lrame (Tatooine). 

0 . 600 c - 0 . 800 c 


/.= * 


,_»v. 1 -( 0 . 600 ) ( 0 . 8 ( 0 ) 


=-0.385c 


The result inpliet that the cruiser is moving toward the pursuit ship at 0.385c. 

EVALUATE: The nonrelalivislic fiamula would have given - 0 . 2 COc. which is considerably different from the 
correct result. 

Let h, be the (-component of the velocity of S' relative to S. Billowing the steps used in the derivation of 
Bq,37.23)wege,v,=J^. 

lDE.vnr* and SET UP: Reference frames S and 5" are shown in Figure 37.19. 

1 ^ * £ 


frame S is at rest in the 
laboratory. Frame S is 
Attached lo particle l. 


1/ 

iih tme 


Figure 37.19 

si t» the speed of S' relative to 5; this is the speed of particle 1 as measured in the laboratory. Thus u - 40.650c. 
The speed of particle 2 is S' is 0.950c. Abo. smcc the two particles move in oftHMile directions. 2 moves m the 
-x direction and v = -0.950c. We want to calculate v_. the speed of particle 2 in frame S\ use Eq.<37.23). 
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EXECUTS: v, = ■ v « =- -0.950c 4 0.650c = -^300c = _o.784c. a*gecondparticle. 

l + *v;/c J l + (0.950cX-0.650c)/c 1 1-0.6175 
as measured in the laboratory. is 0.784c. 

EVALUATE: The incorrect Galilean expression for Ihe relative velocity gives (hat tlx speed of the secool particle 
in the lab frame is 0.300c. The cofTect relativistic calculation gives a result more than twice this. 

37.20. IDENTIFY and SET Ur: Let S be the laboratory frame and let S' be the frame of ooc of (he particles, as shown in 
Figure 37.20. Let the positive x direction for both frames be from particle 1 to particle 2. In the lab frame particle 1 
is moving in the +x direc tion and particle 2 is mov ing in the -x direction. Then u = 0.9520c and v = -0.9520c. 
v is the velocity of particle 2 relative to particle 1 . 

EXECXTE: ✓ = V ~ M v =- -0-952&--0.9520: — _ - 0.995 8c. The speed of particle 2 relative to particle 1 

l-wv/c J l-(0.9520cX-0.952Ck)/c i 

is 0.9988c. / < 0 shows particle 2 is moving toward particle 1. 




Figure 37 JO 


37.21. 


37.22. 


37.23. 


iDEVnrY: The relativistic velocity aiklition formulas apply since the speeds are close to ihit of light. 

v —u 

SET Ur; Tbe relativistic velocity addition formula is >' - —-. 



EXECUTE: In Ibc relativistic velocity addition formula lor this caw. b the relative speed of particle 1 with 
reaped to panicle 2 . v b the speed ol particle 2 measured in the laboratory, and u is the speed ol particle 1 
measured in the laboratory, u = - v. 

. _ v > _ 2y . _o (0.890c)* 1 -2c'v + |0.890c') = 0. 

' l-(-v)v. c‘ li,y c‘ ‘ 


This is a quadratic equaion with solutiem v = 0.61 lc <v raus« be levs than <). 

EVALUATE: The noc«elativblic result would be 0.445c. which b considerably different from this result. 
IDE-Vnrv and SET Ur; Let the slarlighler* frame be S and let Ihe enemy spaceship's frame be S'. Let the 
positive x direction for both frames be from the enemy spaceship toward the slarfighter. Then u = 40.400e. 

V = +O.700c . v b the velocity of the mbsile relative to you. 

. . /+« 0.700c 4 0.4tXV 

EXECUTE: (a) v =-- =-= 0.859c 

14 uv/c‘ 14 (0.4001(0.700) 

(b) Uw the dbtaDce it moves as measured in your frame and die speed it has in your frame to calculate the tune it 

. • , 8.00X10* m „ 

takes m your frame. f =-j-=31.0 s. 

(0.859K3.00X1CT m/s) 

iDEvnrv and SET Ur: The reference frames are shown in figure 37.23. 

>’ / 


‘-4) S' 


S = Arrukis frame 
S' = spaceship frame 
The object is Ihe rocket. 
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u is (he velocity of ihe spaceship relative to Arrukis. 
v, = 40.363c; v' = 40.920c 

(In each frame the rocket is moving in the positive coordinate direction.) 




37.24. 


37.25. 


37.26. 


37.27. 


IV the Lorecrtx velocity irunsfonnabon euuabuo. Eq.(37.22): v. = 


I-mv./c 1 ' 


-v< 


l -ivjc* 

0.360c-0.920c 


Execute: v. = v * u . *or! —1 : -i. I=v.—« end nl l-~ l = v-v' 


0.560c- 


=-0.837c 


\-v z v M /c* l-(0.360c)(0.920c)/c i 0.6688 

The speed of the spacecraft relabve to Arrakis is 0.837c = 2.Slxl<? m/s. The nanus sign in our result for u 
that the spacecraft is moving in the -«-directiCtt, so it is moving away from Arrakis. 

EVALUATE: The incorrect Galilean expression also says that tbc spacecraft is moving away from An aka. but 
with speed 0.920c - 0.360c = 0.560c. 

EDDmVY: We need to use the rclabvistic DuppleT shift formula. 


SET UP: The reiabvisbc Doppler shift formula. Eq.(37.25). is / = 


r + u 


c—If 


fo- 


: . 


Execute: = {c-u)f*=(c+u)f;. 

~rnr wij +1 

(*) Fotfif) = 0.95. u = - 0.05 Ic moving away liom Ihe Mince. 

(b» h)i flfo = 5.0. u = 0.923c moving towards the source. 

EVALUATE: Nole that Ihe speed required lo achieve a 10 limes greater Doppler ihilt is not 10 limes Ihe original 
(peed. 


C + M 


Identify and SET Up: Source and observer are approving. so use Eu.(37.25): / = 

Vc-ji 

speed of the light source relative to the observer. 

(a) Execute: /*=f— I/, 1 


Solve foe 11 . ihe 


4 = 675 nm. A=575nm 

(675 P ‘ a 5~5 "'"I 1 71 .c = 0.159t = (0.159K2.998X 10* m(») = 4.77xl0’ m/s; definitely speeding 

(b) 4.77x10’ m/s =(4.77xl0 ! nVsKI km'lOCO mM3600 a/1 h) = 1.72xl0* km%. Youe fine would be 11.72x10* 
(172 milium doihrs). 

Evaluate: The source and observer are appruarhing. so / > / 0 and A < A,. Our result gives u < c. as il must. 
Using u = -0.600c =-(3,'5)c in Eq.(37.25) gives 

pi«T (23 

iDEVnrv and SET Up: If F is parallel lo v then F changes Ihe nugmlude of » and no* its direction. 
c _dp_dj m 

di 77 

Use the chain rule to evaluate the derivative: ^/(*(#)) = 
rfv m ( v* V* ) <h m 

F "df(I-v i /c i ) 1,i l 7 + ?rA0-^/rT J 

rfv 


But — = a. so a = (F/nrifl- v 2 /r*) \ 


Evaluate: Our result agrees with Eq.(37.30). 
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37.28. 


37.29. 


37.30. 


37.31. 


37.32. 

37.33. 


37.34. 


<b) Identify and SET Up: 11 F is perpendicular (O v then F chmgfi Ibc direction of r and not its magnitude. 

*-*{ . 1 

* v'l - v 1 /c‘ ' 

a mdvldl Ixil the magnitude of v in Ibc denominXoi of Eq.(57.291 is constant. 

EXECUTE: f and a = (F/mKl-w 1 /t 1 )'". 

Evaluate: This result agrees »ith Eq.(37.33). 

IDENTITY and SET Up: Y= — \ ..... If V is 1.0‘S greater than 1 then >"=1.010 . if ri* 10$ greater than 1 

Jl-v 2 /c‘ 

then y= 1 . 10 andif y is 100 $ greater than 1 then /= 2 . 00 . 

Execute: v=ejl-l/y i 
(a) v = c^l-l/flOlO)' = 0.140c 
<b» v = c^l-W. 10 ) 1 = 0.4 1 7c 
(t) v = e^l-l/( 2 . 00 ) 1 = 0 . 866 c 

-''’jrkr- 1 - 

z>l = 2f=7J?= : >v 1 =Ic 1 ^v = ^c = 0 . 866 c. 

<b> F = y'ma = 2ma >y‘ = 2r>v = (2) 1 ' 1 so—L,- = 2"’ »- = = 0.608 

The force is found from Bq.(37.32) or Eq.(37.33). 

(a) Indistinguishable from F = ma =0.145 N. 

<b> y’mo -1.75 N. 

<e) y’wki -51.7 N. 

<d> -.ma =0.145 N. 0.333 N. 1.03 N. 




= 2->i = l-^ T ->v= l^c = 0.866e. 


<b» K = 5mc‘-—1 _= 6r> J_ = l-li ■=!¥* = 0.986c. 

s h-v : c‘ 36 c- »36 

£ = 2mc ! = 2(1.67xlO' JT kgH3.OOxl0 , nv's) 1 = 3.01 x 10*” J = 1.88x10* eV. 

Identify and Set Up: Use Eqs.<37.38) and (37.39). 

Execute: (a) £ = me 1 ♦ K. so £ = 4.00mc* means A^S-abne'=4-50x10-" 1 
<b) £ ! =(inc 1 ) , + (pc) 1 ; £ = 4.00<nc'. so ^.Of-sc')' = (pc'? 
p = v TSmc = 1.94x10-" kg nVs 
(c) E = mc l /yjl-v‘/c > 

£ = d.COmc 1 giset l-i-'/c'= 1/16 and v = Jl5/16c = 0.968c 

Evaluate: The speed is close to c since the kinetic energy is greater than the rest energy. NonrelativistK 
expressions relating £ K. p and v will be very inaccurate. 

(a) W'=A£=<y | -l)mc , =(4.07xlO-’)mc J . 

<•>>( 7 ,- 7 ,)™’ =*.79mc‘. 

(c) The result of part (b) is far larger than that ol part (a). 

IDENTIFY: Use E = me 1 to relate the mass increase to the energy increase. 

<a) SET UP: Your total energy E increases because your gravitational potential energy mgy increases. 


37.35. 
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37.36. 


37.37. 


37.38. 

37.39. 


37.40. 


37.41. 


EXECUTE: AE = m*Ay 

AE = (Am)c 2 10 Am = AE/c 2 =«g(Ay)/c 2 

Am/m = (^Ay)/f 1 =(9.80 mtfjpO m)^2.998xl(/ m/i) 2 =33x10*°* 

This increase is much, much loo small lo be noticed 

(b) SET UR The energy increases because potential energy is stored in the compressed spring. 

EXECUTE: AE = At/ = jkx 1 = ^(2.00 x 10 4 N/mX0.060 m) 2 = 36.0 J 
Am = (A£)/c 2 = 4.0xl0* u kg 

Energy increases so mass increases. The mass increase is ranch, much loo small lo be noticed 
EVALUATE: In both cases the energy increase corresponds to a mass increase. Bui since c 2 is a very large 
number the mass increase is very small. 

(a) £, - m.r 1 . 2E = mc 2 = 2n\c k . Therefore. m = 2m. 


JlSt 


r = 2«,. 


1 = 3 . :5 .v = c % /374 = 0.866c = 2.60xl0 , nv'» 


(b) 10 m.c 1 =™-‘c J . 

v'l-v'.c' 

1 - = — ->£ = —.»=cj— = 0.995c = 2.98 x 1 (/ m/s. 

7 100 ? 100 'a 00 

iDEvnrY and SET Up: The energy equivalent of mass is E = me 2 . p = 7.86 g/cm* = 7.86x10* kg/m*. For a 
cube. V=L\ 

(b) <>= — so V = —= 111 ' 1 . 1 ' ^ -o.Ul m’. £=V l " =0.521 m = 52.1 cm 
V /> 7.86X10’ kg/m 

EVALUATE: PiutlcIe/anlipjiticJe annihilation hai been observed in the laboratory. but only with small quantities 
of antimatter. 

(532x10* kgX3 00xl0* m/*) J =4.97x10*" J = 3105 MeV. 

iDEvnry anil SET Up; Ibe total energ>' is given in terms ol the momentum by Eq.(37.39). In terms of the total 
energy £. the kinetic energy K U K = E- me‘ (lioci Eq.37.38). The rest eoeegy it mc‘. 

EXECUTE: (a) E = s lW')*♦</*»' = 
v i(6.6«xl0* J, M2.998xl0'> l I , +|(2.10xl(r"X2.998xl(/)l J J 
£ = 8.67x10*“ J 

(b) mc‘ =(6.64x10* kg)(2.998xl0 l m/s)' =5.97x10*" J 
A' =£-me' =8.67x10*" J - 5.97 x 10*“ J = 2.70x10*" J 
, , K 2.70x10*“’ J „ 

,C ' 5.97X10-'' !-° 452 

Evaluate: The incorrect nonrelativislic expressions for K and p give K - p 1 /2m = 3.3X10“* J; ihe conecl 
relativistic value is less Qian Qni. 


E = (m 2 c 4 + pV)* = mc 2 a+ 


V 1 


1 p* p* 1 

- me 2 1 + ——rr = mc * + — = *** + Ibe sum of ihe re si mass energy and ihe classical kinetic energy. 


(a) v = 8 xl 0 m/s y = 

Vl-V/c* 

JT M = <y - \)mc 2 = 5.65 X10*° J. -^- = 1.06. 


i m =1.0376. lur m = m f » 

Jl 


= —mv‘ =534x10-" J. 

2 


(b) v = 285X10* m/I; y = 3.203. 

A' — = ■* mv' =6.78x10*" J; A'„ = (v-1 |m.' =3.31x10*“ J; K^IK mmd = 4.SS. 
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37.42. iDEVnrY: Siixe the speeds involved are dose to that of lirfit. we must use the relativistic formula for kinetic energy 


SET Up: The relativistic kinetic energy is K = (r- l)mc 2 = 


JlW/c* 


-l me 1 


(a) X= 0 '-l)mc' = 


Ji-S/c* 


-1 <nc I =<1.67xlO'' B kgN3.OOX10*m l 1 *) 1 


-(i.soxnr^ j)--i ;= 

1 v'l- 0.0100 1 


-1 ! - 7.56x10'" I = 4.73 MeV 


Jl-(0.1C0.7 


-1 


(bl K = (1.50xl0* u ’J) 


,ll- (0.500)' 


(c) * =(1.50x10*" J)j -1 


---1 

Ji - (0.900)' 


-1. = 2.32x10*" J =145 MeV 


= 1,94x10* J = 1210 MeV 


(d) A£ = 2.32x10*" J-7.56x10*" J = 224x10*" J = 140 MeV 
<e) A£ = 1.94x10*“ J-2.32X10*" J = 1.71x10*" J = 1070 MeV 

(ft Wilhoul relativity. K = ^mv 1 . The »urk duoe in accelerating a proton from 0.100c lo 05COc in Ihe 

noenelatlvisticlimilU A£ , = im(0.50(Xr> J -Im<0.100c) J =1.81x10*" J = 113 MeV. 

The wock done in accelerating a pi 0 * 1 * fiuoi 0.500c lo 0.900c in the nomelalivisbc limil a 

A E = im(0.900c) 2 - im(0.500c) J = 421x 10*" 1 = 263 MeV. 

EVALUATE: We see in Ihe fin* ease the ncxaelativnUc re Mill is within 20* ol the relabvirtic result In Ihe second 
case. Ihe nonielalivisbe reMill is »oy dllleienl llom Ihe lelativiMic result since the velocities are closer lo c. 

37.43. lDE.vnrv and SET UP: UseEq.(23.12)and cooservalion ol energy lo relate Ihe potential difference lo the kinetic 
energy gained by Ihe electron. Use Eq.(37.36) lo calculate Ihe kinetic energy from Ihe speed. 

Execute: (a) K = q\V = e&V 


K=mc‘ — --1 ' = 4.025iw' =3.295x10*" J = 2.06 MeV 

1 v'l-.'/c 1 ) 

AV = K!r = 2.06x10* V 

(b) From part (a). K = 3.30x 10*" J = 2.06 MeV 

Evaluate: The speed is close lo c and the kioetic energy is four times Ihe rest mass. 
37.41. (a) Accixding lo Eq.(37.38) and conserv ation of mass-energy 

2Mc' + mc i = yiS1c‘ oy=! + — = 1 + 9 ' 5 =1.292. 

2Af 2(16.7) 


Note that since r= 




we have Out 1 = k-—= ll- 




=0.6331. 


(bl According to Eq.(37.36). Ihe kinetic energy of each proton is 

1 00 MeV 

A' =(/-!).'Wc 2 = 0-292-lH1.67xl0* r kgX3.(»xl0 , m., , s) ! ; - |=274MeV. 

(c) The rest energy of rf i% me 2 =(9.75x10^* kg)(3.00xltf m/s) 2 ; J | 1=548MeV. 

(d> The kinetic energy lost by the protons is the energy that produces the rf . 

548 MeV = 2<274 MeV). 


37.45. IDENTITY: The relativistic expression for the kinetic energy is A' = (y-Dmc 1 . where y= 
The Newtonian expression for the kinetic energy ix AT = Lmv*. 




= v , /c 1 . 


SET up: Solve for v Mich that A = -A',. 
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EXECUTE: (y-l)mc ! =—mv‘. —!—-1 = 2«. -!—=[ 1 + lj I . Alto abide algebra (hit become* 

4 yfi-x 4 1-1 V 4 } 

9j j -tl5«-8 = 0. x = jL(- 15± v '(15)' * 4(9X8)). The positive root in t = 0.425. x = v‘/c‘. so 
r=~fx c = 0.652c. 

EVALUATE: The Iractlcxul increase o< the relativistic ejptewoon above (he noiveldtivistic one inciBJKK 4a v increase*. 
>7.46. The fraction of Ibe Inilidl mm* (») (hoi become! etxrgy is I - Hi = 6382 x 10"\ and vo (he eactgy released 

per kilogram b (6382xl0-‘Xl.COkgX3.00xl0* m/s) J =5.74x10“ J. 

37.47. <a) E=mc l .m = E/t* =<3.8x10* J)/(2.998xl0* m; ,) 2 = 4.2x10* kg. 

1 kg is equivalent to 2.2 lbs. so m = 4.6x10* tom 

<b) The current mis* of the sun is 1.99x10” kg. vo tf would take it 
0.99x10* kg)/(42xl0 > kg *) = 4.7x10*5 =1.5x10“ years to use up all its mass. 

37.48. IDEYTIFY: Since the final speed is close to the speed of light, there will be a considerable difference between the 
relativistic and nonrelativisbc results. 

SET UP: The nonrelativistic week-energy theorem is FAx - i«v a - — *n£ t and the relativistic formula for a 
constant force is FAx = (/-l)mr*. 

(a) Using the classical work-energy theorem and solving for Ax . we obtain 

wj(v 2 - v a ) (0.100X10-* kg)((0.900X3.00x10* m :%)f , , _ 

IF 2(1.00x10* N) 


37. 


(b> Using the relativistic work-energy theorem lor a constant force, we obtain 

.- (y—‘W 

F 

For the given speed. /=-^_J_^ = 2.29, thus 

f229-lK0.100xlO* 4 kgX3.00xl0 i m s) 2 ,, , 

(1-00x10* N) 

Evaluate: <c) The distance oUained from (he relativistic treatment is greater. As v»e have seen, more energy is 
required (o accelerate an object to speeds close to r. so that farce must act over a greater distance. 

(a) IDENTIFY arxl SET LT: At, = 2.60x10"* s is (he proper time, measured in the pion's frame. The time 
measured in Ibe lab must satisfy d = cAr. where u«c. Calculate Ar and then use Eq.(37.6) to calculate u. 

. d 120x10* m . . 

c 2.998x10* m/s 


M = --so (1 - u‘ /c*) u> = and a- U ‘lc‘) = [ j 


Vl-«*/*’ * l AJ 

Write w = (l-A)c so that (u/c) 1 = 0-A) 1 = 1-2A+A 2 « 1-2A since A is small. 


Using this in the above gives 1 -(1 - 2A) =' — 


A=i(^f = i(^r = 2.. l x^ 

2’ At) 21 4.003x10"* s J 

EVALUATE: An alternative calculation is lo say that the length of the lube must contract relative to the moving 
pion so that the pion trawls that length before decaying. The contracted length must be 
/ = <AL = (2.998x10* m/sKlbOxlCr 4 s) = 7.79 m. 
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37.50. 


37.51. 


37.52. 


37.53. 


37.54. 


Execute: r= — 


= 154 




A=i(i) =2.11x1a 4 , rtikbctacfa. 

(b) iDEVnr* and SET UP; E = ymc‘ <Eq.<37.38). 

1 1 1 

s'24 s i 2 ( 2 . 11 xl(r’) 

E = 154<139.6 MeV) = 215x10* MeV = 213 G«V 
EVALUATE: The total energy it 154 timet the rent energy. 

IDENTITY and SET Up; lb? proper length of a tide it l 0 = a. The tide along the direction ol mcXiun it thortened 
lo • The tides in the two directions perpendicular to the tootle® are unaffected by the nxitioo and 

still hate a length a. 

Execute: V=a‘l= «’>/l-v’/c* 

IDENTIFY and SET Up: There mint be a length cmtraction tuch thu the length a becomes the some as 6; 

I, = a. I = M, it the distance measured by an observer at real relative to the spacecraft. Ute Eq.(37.16) and solve 
foru. 

Execute: -= jl-u‘/c‘ to - = 

0 = 1.406 gives 6/1.406= v '1-m j /c‘ and Ihut l-u‘/c' = lftl.40)‘ 


u = N ll-1/(1.401^ =0.700c = 2.10x10’ mb 

EVALUATE: a length on the spacecraft in the direction of the motion is shortened. A length perpendicular to the 
motion it unchanged. 

IDEVnr* and SET Up: The proper time it the time that elapses in the frame ol the spare probe. A/ is the 
time that elapses in the frame of the earth. The distance traveled it 422 light years, as measured in the earth Iramc. 
Execute: (a) Light travels 42.2 light years in 42.2 yT. so Ar = \ ‘ |(422 yr) = 426 yr. 


Ar, = Ar VI - a* /c* = (42.6 yr) v 'l - (0.9910)* = 5.7 yr. She measures bet biological age to be 
19 yr+5.7 yr = 24.7 yT. 

(b) Her age measured by someone on earth it 19 yr + 42.6 yr = 61.6 yt. 


(a) E=rmc‘ and r=10 = 


Jl-(vc) 1 

(b) (pc)* =«VyV. £*=«**! ;V+i 


nl= Ill! = i = Ji?-= 0.995 
c \ V 1 C V100 


= 0.01 = 1 %. 




10 (0.W5)) 


Kmfimr and SET Up: The clock on the plane measures Ibe proper tame A/ 0 . 

Ar = 4.COh= 4.00 h (3600 s/1 h) = 1.44xl0 4 s. 

Ar = -, Af( -and AJ 0 =Atyjl-u 2 /c 2 

\\-U 2 /c 2 

EXECUTE: - small so N il -u 2 U x =(1-u 2 t<*) ui - 1 -1^.; thus Ar,=Arj 1-™ 

The differeixe in \bc dork readings is A/-Ar 0 = i^ r Ar = i| ^ ^9»x 10* % ' •)=SOlXl0' 4 *.Thc 

clock on ihe plane has the shorter elapsed time. 

EVALUATE: Ar, is always less than Ar. our results agree with this. The speed of the plane is much less than the 
speed of light. %o the difference in the reading ol the two docks is very small. 

IDEYTIFY: Smce the speed is very dose to the speed ol light we must use the relativistic formula for kinetic 


37.55. 




Relativity 37-11 


37.56. 


37.57. 


37.58. 


37.59. 


SET Up: The relativistic fonnuLi lor kinetic energy ist K = me J - -11 and the relativistic mass is 


EXECUTE: (a) K =7xlO u eV = 1.12x10^ J . Using this value in the relativistic kinetic energy formula and 
substituting the mass of the proton for m. ne gel K = me' --1 




which gives 


=7.45»10’>*l ****<*’*" 




l-£=-——^——=———. since c + v : 2c. Substituting v = (1 - A)c. we have. 
c c c 

1 

v 2 2 (c-v) 2|c-(l-A)c| l-v'/c 1 (7.45X10’)' 

l--j- =-=—-= 2A. Solving for A gives A =- ; -=---=9x10 . Ui one 

significant digit. 

(b) Using ibe relativistic mass (conula and the result that 




= (7 xlO 1 )™. to one significant digit 


= 7.45x10*, we have 


EVALUATE: At such high speeds. Ibe proton's mass is over 7000 times as peat as its rest mass. 

iDEVnr* and SET llr: The energy released is E = (Amlc 1 . Am = ; -1, |(8.00 kg). P m = £. Ibe change in 

gravitational potential energy is mg Ay. 

Execute: (a) if = (Am)c 2 =j -ij j<8.00 kgX3.00xlO* m/s) 2 =7.20x10” J 

£ = 2MxI^J = i soxio-W 
" i looxIFT 

<c)E = AU=mgAy. « = ^ = ( , w m, = 7J5X ^ »* 

IDENTITY and SET Ur: In crown glass the speed of light is v = —. Calculate the kinetic energy of an election that 

n 

has this speed. 

Execute: v - - yjl * xl1 ' " : i.972x10* m/s. 

152 

K=mc i (y- 1 ) 

me 2 = (9.109x 10*" kgM2.998 x 10* m/s) 2 = 8.187 x 10*“ J(1 eV/l .602 x 10* 1 ’ I) = 0.5111 Me V 

V = -—1-= -,-!-= 1.328 

\\ —v 2 /c 2 Jl-((1972x10* m l s)(2.998x1(0* m/s)) 2 

K = mc 2 (/-l) = (0.5111 MeV)( 1.328-1) = 0.168 MeV 

EVALUATE: No object can travel (aster than the speed of light m vacuum but there is nothing that prohibits an 
object from traveling faster than the speed of light in some material. 

la) v = — = - ^ ' where the atom and the photon have the same magnitude at momentum. E/e. 

m m me 

(b) v = — « c. so E « me 2 . 

IDEVnrv and SET Ur: Let S be the lab frame and S' be the frame at the proton that is moling in the +r direction, 
so u = -K /2. The reference frames ami moving particles are shown in Figure 37.59. The other proton moves in 
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the -x direction in the lab (tuat, so v=-c/2. A prolan has rest mass m, = 1.67x10”” kg and rest energy 
=938 MeV . 

r-u _ -c/2-c/2 _ 4c 

l — uv i c* l-<c/2X-*72>/c 4 5 

4 

5 

(b) In nonrelativistac mechanics the speeds just add and ihe speed of each relative to ihe other is c. 


Execute: (a) /= 

The speed of each peolcn relative to the other is. 


7U 


(C) * = -- 

v/l-v 2 /c J 

(i) Relative to the lab frame each proton has speed v = c/2 . The total kinetic energy of each proton is 
938 MeV 


A = 




-(938 MeV) = 145 MeV. 


fii) In its real frame one proton has zero speed and zero kinetic energy and the other has speed jC. In this frame 

938 MeV 

the linetK- energy ol the moving proton u K = - - F - (938 MeV) = 625 MeV 

5 

(d) (l) Each peoton hai speed r = c/2 and kinetic energy 

A' = imv 1 = 1 i* Ve/2) 1 = , 938 ^ = 117 MeV 

2 1 2 r ' 8 8 

fii) One proton has speed v = 0 and the other has speed c. The kinetic energy of the moving proton 

„ K = i DK - = !^ = 469MeV 
2 2 

Evaluate: The relativist*: expression for A' gives a larger value than the nonrelalivislic expression. The kinetic 
energy of the system is different in different frames. 


- +dl 


* ~ -cfl 



Figure 37.59 


37.60. IDENTIFY and SET IIP: Let 5 be (he lab feme and let S' the frame of the proton that is moving m the +x direction 
in the lab frame, as shown in Figure 37.60. In S' the other proton moves in the -x direction with speed c/2. so 
y = -c/ 2 . In the lab frame each proton has speed ac . where a is a constant that we need to solve for. 

Execute: (a) v= v +u ■ with v = -ec, * = +tfcand / = -0.50cpves -ac- - + — anj 

1+iv7c * l + (oOMX50r)/c 4 


~ <X = ~\ ) ^50a ^ * 1 = 0 tf = 0.268or a = 3.73. Can't have v > c. *> cnly a = 0.268 is physically 

allowed. The speed rceasured by the observer in the lab is 0.268c. 

<b)(i) v = 0.269c. 1.0380. K = (r-\\mc x =356 MeV . 




(ii) v = 0.500c. y=1.1547. K =(y-\)mc 2 = 145 MeV. 
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Figure 37.60 


37.61. x* =cY* -=>(x-uf)V =c 1 r 1 (r-«/r 2 ) 2 

=>x-ul =c(t-iufc 1 ) =>xj i + - j= 1 x(ii+c) = /(m + c) =>X = Cl OX*=cV. 

37.62. IDENTIFY and SET Ur: Let S be the lab frame and let S' be the frame of the nucleus. Lei the +x direction be the 
direction the nucleus is moving, u = 01500c . 


EXEC17TK: (a) v r = 40.9995c. v = 




0.9995c+0.7500c 


l + uvfc* l + (0.7500X0.9995) 


= 0.999929c 


,b, v =-0.9995c. v= ™*+*B*' m _ wae 
1 +(0.7500*-0.9995) 


(c) 

CD K = 


V 1 ! Slc‘ 


-1 me 1 =(0.511 MeV) 


Jl-(0.999929)* 


-1 , = 42.4 MeV 


(ii) A~=| - - --1 mc* = (0311 MeV)! _-!--1 , = 15.7 Me'V' 

Vl-v'/c* I, Jl- (0.9995)' / 


(d) 

(» K= *, ■ -1 "« l = (0.511 MeV)| --L___ 

JT777 I,/!-(0.9965)' 


(ii) r=; ———-l W 1 =(0.5ii Mev: — 

v- 


-1 1 = 5.60 MeV 


-h-v‘/c‘ , 


-1 , = 15.7 MeV 


(0.9995)' ) 

37.63. IDEVTIIY and SET Ur: Use Eq.(37.30), wilh a = dv/dt, to obtain an expression for dv/dt. Separate the 
variables v and t and integrate to obtain an expression for v(l). In dus expression, let t -* <». 

EXECUTE: a = = —(1 - v 2 /c x ) xtl . (One-dimensional motion is assumed, and all the F, v. and a refer to x- 

at m 


e=wE9-"l=I' 

Integrate from t = 0 . when v = 0 . to lime t. when the velocity is v. 


Since F is constant. 


04 


In the velocity integral make the change of variable y = v/r. then dv = dvtc 


f* OV r*u dv 

(1-y 5 ) 1 ' 1 ~ 


0=7^'. TwTc 


nm 


n 


V1—v 2 /c 2 
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37.M. 

37.65. 


Solve this 

1^777 


,-U+i'Lf UfL 1 


' -W-d-*-['» U-^/A 


(n/m) 


n 


f - 


Jl + (Fl/mc)‘ ' v'm'c’ + FV 


A* f —♦<■>. -—-—+ ——— —*L so v —» c. 

VmV-t-FV v VV 

EVALUATE:: Now (hat -— /f - — a alwav* less than 1 .m r <c always and v approaches c only when f -*~. 

,'ntV.fV 

Setting i = 0 in Eq.(3721). the lirrt equation becomes x = -pit and the last. upon multiplication by c. becomes 
cf" = yrf-Squaring and subtracting gives cV‘ - x‘ =y‘(c‘l‘ -u‘(‘) = c‘l‘.ot x' = c-Jt > ‘-l‘ =4.53x10* ra. 

(a) IDENTIFY aoJ SET If: U« the Lorenti coordinate transformation (Eq.37.21) for (j,./,) and (>,.!,): 

«i= 


-.W/e 1 ' Vl-ir'/e 1 
._f l -*x l lc‘ . 

Same point in S’ implies x[ = x\. Wh* then is A/ = t\ - f, # ? 
KXECVTE: Xj = Xj inches xj -uf, = x 2 -nr* 

ir(/ 1 -/,) = x 2 -x l mil « = = ^ 

fi-/i A/ 

From the lime transformation equations, 

A/=ri-»: = 


—1-— r IAl-uAx/e‘) 


Ax 

Using the result that u = — p 
Al 


V = 

to' = 


(A/-(Ar)'A(4/y'» 


jl-(Ax)‘H(Al)‘<-‘) 

-——r-rlAr-(Ai)'rt(Af)c')) 


V = ^■ = JjAl) 1 -(Axle ?. as was to be shown. 

JfAll’-IAxj'/c’ 


Tins equation ik>esn’t have a physical solution (because of a negalise square root) il (A x/c) 1 >(A/) 1 or At £ cAi. 

(b) Identify and SET UP: Now require that =([ (the two events are simultaneous in S') and use the Loren lx 
coordinate transformation equations. 

KXECTTE: / x = t[ implies /, - ux, tc 2 =/ 1 -4tx 2 /7 

At i t c 2 Af 

-r ( «and« =- 

7\l Ai 

Irons the Lorenlz translonnatxon equations. 


f j _, i = ‘‘ * 


> *0 A/ = ; 


r f f 


A,=,1 ■ ,,=I 7^V77 :,A, ■ U ‘ V, • 

Using the result that u = c*Af/Ax gives 


At = 


l-c^A/^AAt) 3 
At 


(At-7(Ar) 2 /At) 


At / = —:--^Ax-c'CA/r/At) 

Ax’ = , ^-rW 

^'(Ai)* -c i (Ar) J N 

(c) iDEVnrv and SET UP: The result from part (b) is Ax' = J(Ax)‘-c i {Al)‘ 
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Solve Tor Af: (Ax') 2 = (Ax) 2 -c 2 ( A/) 2 

c 2.998x10’ mT* 

EVALUATE: Thu provides another illustration of the accept of simultaneity (Section 37.2): events observed to 
be simultaneous m one frame arc not simultaneous m another frame that is moving relative to the lint. 

37.66. (a) 80.0 m/s is noo-relativistic. and K - imv 1 = 186 J. 

(b) (/-l)wc 2 =1.31xl0 15 J. 

(c) In Eq. (37.23). c) >' = 220x10“ m/s.u = -1.80x10’ m/s.and so v = 7.l4xi0 7 m/s. 

20.0 m 

(d> -= 13.6 m. 

20.0 m 


(e) ---= 9.09x l(r s. 

2.20x1 O’ m s 

(f) { = —= 6.18xl0' 4 s. or / = 


13.6 m 


= 6 . 18 x 10 '* 


/ 220 x 10 * m s 

37.67. IDENTIFY and SET IIP: An increase in wavelength corresponds to a decrease in frequency (/ = c/A\ so the 


-M 


atoms arc moving away from the earth. Receding, so use EqX37.26): / 

Execute: Solve for u: (/// # ) 2 (c+«) = c-u and u=e * * 

l + </'/o) 

f=cU.f c = cfA, so = 

-cf-*'* =c[ | - <6S6 - 3/9S3 - 4 > i ' s QJ37c = 1.07xltf m/5 
1 + <4, /•*> . 1* (656.3/953.4)* 

Evaluate: The relative ipecd is huge. 36% of c. TV cosmological implication of such observation* will be 
discussed in Section 44.6. 

37.68. The baseball had better be moving non-relati vistically. so the Doppler Ailt formula (Eq.(37.25)) becomes 

/ S / 0 ( 1 - (u/c)). In the baseball's frame, this is the frequency with which the radar waves strike the baseball, and 
the baseball retaliates at/. But in the coach's frame, the reflected waves are Doppler shifted again, so the delected 
frequency is /(l - (u/c)) = /{1 - (u c)) 1 « /,(1 - 2 (u c)). so A/ = 2 /,(a c) and the fractional frequency shill is 

— = 2(u/c). In this case. 

/o 

u = 0-c = <2 ^ 6 ’ IU 1 (3.00x10* m) = 42.9m/s = 154km.h = 92.5mi/h. 

37.69. iDEVnrr and SET DP: 5CO hght years = 4.73X 10 1 * m . The proper distance l 0 to the star is 500 light yeas. The 
energy needed a the kinetic energy of the rocket at its final speed. 


Execute: (a) u =0.5Ck:. Ai = — = 


4.73xltf" ra 


a (0.50)(3.00xl0‘ m/s) 
by the aKrooauls. Ar. = Afv'l-u’/c' = 


= 3.2x10^ s = 1000 yr 


the proper time is 

K= , -me 1 =(1000kg)(3.00x10* m/s)‘l -!-_-l = 1.4xltf* J 

'/•-*’ /c I, ^-(0.500)' 

This is 140% of the US. yearly use of energy. 

(b) u = 0.99c. Ar = -=--=I.6xlO“ s = 505 >t. Ar c = 71yr 

u (0.99K3.00X10 1 w/>) ’ c ’ 


K =(9.00x10" J). --!--1 

1 v ll-(0.99)‘ 

Thu is 55 times the US. yearly use. 


= 5-5x10” J 
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(c) u = 0.9999.-. Ar = £ =--= 1.58x10" * = 501 yr. <St = 7.1yr 

x (0.9999M3.00X 10 nv's) ’ ^ 

X =(9.00x10“ I) —-!--1 1 = 6.3x10'’J 

1 ^1-(0.9999)’ j 
This is 630 limes the U.S. yearly ate. 

The energy cost of accelerating a rixket lo these speeds it immense. 

37.70. <a) As in the hint, both the senArr and the receiver measure the same distance. However, in our frame, the ship has 
moved between emission of successive wave!runts, and we can use the lime T = 1// as the proper time, with the 
reiull(hal f = tf 0 > /.- 

<b>Tow»d: / = /^|£±jt = 345 MHz; | *=930 MHz 

/-/„ = 930 MHz - 345 MHz = 585 MHz. 

Away: /=/ c ^ll£ = 34SMH*; = 128 MHz and/-/, =-217 MHz. 

(c) if, = 1.53/, = 528 MHz. / - /, = 183 MHz. The shift is still bigger than /,. but nol a* large as (he approaching 
frequency. 

37.71. The crux of (hi* problem it (he qoeslioo ol simultaneity. To be "in (he bam a( one lime" lor (he runner it dilfereiu 
(han foe a stationary observer In (he bam. The diagram in Figure 37.71a shows the rod lining inlo (he bam a( lime 

I =0. according lo (he stationary observer. The diagram in Figure 37.71b i* in (he runner's frame of reference. The 
front of (he rod enters (be bam at lime r, and leave* (be back of (he bam a( time r 2 . However, (be bark of (he rod 
does nol enter (he front of (he bam until (he later (One I,. 



fcocu Acted <tixcof 
nri!?r*lhi hint 

(•) 



Figure 37.71 


37.72. In Eq.(37.23). u = V. V = (c/n). and so v = - . Rw V ooo-relalivtslie. (his is 


| + £V 1 + fV/nc) 

IT C 


--((fn)tVXl 


-(V7ne)) =(n£/n) + V-(V/n') —(V’/iie) o —+ ; 1--^ V . so *=| 1-ij. |. For wafer. " = 1.333 


and *=0.437. 




Relilivity 37-17 


37.73. 


37.74. 


37.75. 


d>' _ 1 v-u n 

dv 1-bv/c* ( 1 -uv/c 1 ) 1 . c 1 / 

*'=J \ = J 

I 1-bv/c (1-bv'c*)* j I, (I-bv.'c*)* 

*. a—v«r*» 

(i-«,y .* <i-»V) _!_ 

ydt - uydx c l dt <1 - irv/c*) 1 y (1 - irv/c*) 

=«a-«V^a-r;W 

(b> Changing frames from S’-i 5 just involves changing a-+</.v-+-\ / =>a = t/( l-iVc 2 ) 1 * j 1 + - 

(a) The speed v' is nxasured relative Co the rocket, and so for the rocket and its occupant, v =0. The acceleration 
as seen m the rocket is given to be a = g. and so the acceleration as measured on the earth is 
2 M 


= H =S 


(b) With v. =0 when 1 = 0. 


. 1 du * f* <*s 

g O-n 2 ^)- 2 ’ fl-«V 


^ i= 7 J^R 


(c) dr' = ydt = dr/ J^l —u^/c^.jo the relation in part (b) between dt and du, expressed in terms of dr' and dir. is 


= r* = 




yli-u l /c k s a-«V^) l ‘ 


Integrating as above (perhaps using the substitution r = n/c) gives ( = — arctanh j 21 j. Foe those who wish to 
avoid inverse hyperbolic funebons. the above integral may be done by the method of partial fractions; 

*df' =-—-= i ■ + dxi .which integrates to lj = — In L + ' 1 . 

0+n/cXl-«/c> 2 l + n/c 1 -ucj 2 g Ic-vJ 

(d> Solving the expression from part (c) for v m terms of 1 (v./c) = lanh(glj. r). so that 


^l-(t|/c) a = l/coeth(gfJ.'cXusing the appropriate mdenlities for hyperbolic functions. Using this in the expression 

found in part (b). /. = — Unb ^ / » * 2. = f-tiaktgtjc). which may be rearranged slightly as — = sinh' — I. If 
r 1 coA(rr c) r c \ c ) 


1 


same as 


h>perbolic functicos are not used, v, in terms of fJ is found lobe —= ■ ^ ^ which is (he 
lanb( gt'jc). Inserting this expression into the result of port (b) gives, alter much algebra. t t = ^_(e* * 
which is equivalent to the expression found using hyperbolic functions. 

(e) After the first acceleration period (of 5 years by Stella's clockX the elapsed time on earth is 

lf= C *i*(g</e)= 26 Sxl 0 , *=MOyr. 

The elapsed lime wil be Ibe same foe each of the lour pails ul the voyage, so when Slella has relumed. Terra has 
aged 336 yi and the year is 2436. (Keeping more precision lhan is given in Ibe problem gives February 7 of lhal 
ye«.) 

(a) = 4.568110x10** Hz; / = 4.568910x10" Ha: /_ = 4.567710x10" Hz 


, _ *«-*'> , 


c-iu-v) 


£<c-(b+v))=/ # *(c+(■+»)) 
f‘(c - (a - »)) = /.* (c + <u - v)) 
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when: u is the velocity of (he 


o! mass ami v is the orbital velocity. 


- 

+ v = 5.25x10* m/l and u-w =-2.63x10* m/j . 

Thu gives b = +1.31x 10* m/s (moving toward al 13.1 km/*) and v = 3.94xlO* mlt. 

(b) » = 3.94x10* m/K r = 11.0day*. 2f£ = vr -> 

* = gg£S!S! 1,1 ^£^1=5.96x10* „ . This is about 

Is 

0.040 limes the earth-sun distance. 

Abo the gravitational force between them (a distance of IK) must equal the centripetal force from the center of 


(Cm 2 ) _ mv 2 

( 2 /rr ~~R 


4 Rv‘ 4(5.96X10* n>X3.94xlO* m/i)' 


= 5.55X10“ kg = 0.279 m_. 


G 6.672x10“" N m','V 
37.76. For any function / = /(x. r) and , = f).t = i(x.i\ kl £(,'. () = /(«(«', l\Hi. /')) and use the standard 

(bul matbenutically improper) Dotation F{x. f) = /(*.»'). The chain ruk is then 

yuM^a/up ay »(y. p ar- 
ax a.i' a» a/' a«’ 

y(/,o ar 

dr — d? dr S’ dr 

In this ailutioo. (he explicil dependence of (he functioas on the set* ol dependent variables is suppressed. and (he 
abov*rektion,«(he« £=**+£* 


ix ay dt <N‘ dx dr Ax' ar dr 




fL = l.Then.^£ = ^.aixli£ = i£. Fix (he (line derivative. 
at dx ax ax 1 ax' 2 


dE BE dE 

= -v— +-To find the second time derivative, the chain rule must be applied to both terms: that is. 


dx dt 


ddE__d 2 E d 2 E 

to 57 5* 35i' * 


d d£ 


* ; £ a*£ 


dt It v d75? F 7 ’ 


Using these in . collecting terms and equating the mixed partial derivatives gives 


d*E ,a J £ ^ a 2 £ a 1 

aF =v a^“ 2v a^ + a? 


a 2 £ 

is and the above expression fee —r gives the result. 

ax 


dx' dx' dt * d/' 

(b) For the Loienlz transfixmalion. — = y. — = y\\ — = yv/c 2 and -J- = v. 

dx dt ox dt 

The first partials arc then 

d£ _ d£_ v dE dE 
dx dx’ * ? dt" dt 
and the second partials are (again equating the mixed partial*) 

d 2 E_ x d x E^ A v 2 d 2 E 

aP"" r a? 7 ’ 7 bF 


a£ d£ 

v a? +y a7 


a*£ ,,a‘£, ,d*£ 

^ -2,-. 


- 2 v' v d ‘ £ 

* ^ayaF 

a‘£ 


Substilulmg inti) (he wave equation and combining terms (note dial the mixed partiab cancel), 

a'£ i a'£ v 1 a'£ .fv 1 i )d*£ a ! £ 1 a J £ „ 
rTF 1 ’ !‘“7 37*H 7-7'3r‘5"“7F‘ l 
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37.77. (a) In the center of momentum frame, the two protons approach each other with equal velocities (since ihe protons 

have the same mass). After the collision, the two protons are at rest-but now there are kaons as well. In this 
situation the kinetic energy of the protons must equal the total rest energy' of the two kaons 2 (y m - Ike* = 




v — = 1 + —=1.526. The velocity or a proton m the center o! momentum frame is then 


l:4-i_ 


- i 


= 0.7554c. 


To get the velocity of this prolcn in the lab frame, we must use the Lorentz velocity transformations. This is the 
same as "hopping" into the proton that will be our target aixl asking what the velocity of the projectile proton is. 
Taking tbc lab Iran* to be the unpnm«l frame moving to the left u = v a and / = v m (the velocity of the projectile 
proton in the center of momentum frame). 

= - V *“ y = ■ = 0.9619c-> y m = 1 . -3.658nf a = (v*-Dntc 1 = 2494MeV. 




4 


K^ = 24<MNt C V_ =ZS26 
22m, 2(493.7 MeV) 

(c) The center of momentum case comaleied In part (a) u the «me ax thn aitualiem. Thus, the kinetic energy 
required irjurrt twice the reit mau energy of the kaonv = 2(493.7 MeV) = 987.4 MeV.lhi, offers a 

■ubilantial advantage over the fixed targe! experiment in part (b). It takei leu energy to create two kaon» in the 
proton center of momentum frame. 




Photons, Electrons, and Atoms 



38.1. IDENTIFY and SET UP: The stopping potential V# is related to the frequency o! the light by V % = — / - — . The 

e r 

alope of V„ venui f ah/e. The value /„ of/when V; = 0 U related to<fby 6 = hf t . 

Execute: (a) From the graph. /* = 125x10^ Hz. Therefore. with ihe value of h llooi pan (b). 

#=i/ 4 =4SeV. 

<bl Bum the graph, the dope u 3-8X10' 1 ’ V *. h = (rMibpe) = (1.60xl0'" CX3.8X10'" V-») = 6-lxlO* M J» 
(c| No pholoelectrons are produced foe f <f a . 

(d) lor a different metal /„ and tfare different. The a lope It h/e ao would be the tame, but the graph would be 
a hi fled right or lell to it hat a different Intercept with the horizontal axit. 

EVALUATE: At the frequency/of the light it increased above/„ the energy of the photon* In the light Increatet 
and more energetic photont are produced. The work function we calculated it nrmlar to that for gold or nickel. 
>8.2. iDE-YntT and SET UP: c = fA relalet frequency and wavelength and E = hf relatet energy and frequency for a 

photon, e = 3.00x10' m/s . 1 eV = 1.60x10"“ 1. 

c 3.00x10* m/> 


execute: (a) /--r = 


=5.94x10“ Hz 


(b) E = ty= (6.626x10'“ J t)(5.94x 10“ Hz) = 3.94x1 O'" J = 2.46 eV 


• i 5.20x10 m ' 

E = pc = (l.28x10'” kg-m/a)(3.00x 10*m/s) = 3.84xI0* B J = 2.40eV. 

>8.4. iDEVnry and SET Up; f, = 1 eV = 160x10'" I. For a photon. £ = W = ^. A =663x10"** J-a. 

Execute: (a) energy = Pj = (0600 W)(20.0xl0' 1 a) = 1.20x10'’ J = 76x10“ eV 
£■_ (663x10'“ 1 • tX3.00xlO‘ ir^t) _ j_ 0Sx|0 -» j = l- 9[ e y 


X 652xi(r m 

(c) The number of photons is lh< total energy in a pulse divided by the energy of one photon: 

1.20x10"* J trtl< . 

- B -= 3.93x10' photons. 

3.05x10 J/photon 

Evaluate: The number of photons in each pulse is very large. 

38.5. IDENTIFY and Set Up: Eq.(38.2) relates ibe photon energy and wavelength. c = fX relates speed, frequency and 
wavelength for an electromagnetic wave. 

Execute: (,) E = H) ao /=£ = £2 1/1 fV> =5.92x10“ Hz 

' ’ h 6626x10--J , 

(b) c = /A ao A = — = 5 y 2xl0 > J ^ =5.06x10 m 

(c) EVALUATE: A la comparable to a nuclear radlua. Note that In doing the calculation the energy in Me V was 
convened to the SI unit of Joule*. 


38-1 
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38.6. 


38.7. 


38.8. 


38.9. 


38.10. 


KDBfnrr ami SET Ur: ^ = 272 nm. c = /A - =h f At the Ihrcsbokl frequency. / A . v M -♦ 0. 

AS4.136XHT 15 cVi. 

ElBCUIS: (a) = -f-= f°° x10 ^ sUOxlCf Hi. 

^ 272x10 m 

(b) 0 = /i/ A =(4.136xl0* 15 eV-sX1.10xl0 15 Hz) = 4.55 cV. 

(c) imr^ =/»/-0 = (4.136 x 10" 15 cV• s)( 1.45x 10 15 Hz) -4.55 eV = 6.00 eV-4.55 eV = 1.45 eV 
Evaluate: Hie threshold wavelength depend* on the wink function lor the surface. 

IDENTIFY and SET Lip; Eq.(38.3): inv^ = hf = Take tbe work function « from Table 38.1. Solve 

lot >' M . Note that we wrote fan c/A. 

EXECUTE: IntvL. = -(S.l eV XI -602 x .Q- J/l eV) 

2 “ 235 * 10 m 


‘ =8.453x10'“ l-8.170xl<r“ J = 2.83x10** I 


n* 

“ Y9.109X10-" kg 

EVALUATE: The work lunction in eV was coo vetted to Joules for use in Eq.<38.3). A photon with A = 235 nm 
has energy greater then the work function for the surface, 

iDEVnry and SET Ur 9 = hf a =-j- The minimum 0 conesponds to the minimum A . 

. he (4.136x10*“ eV sKS COxlO* mis) , „ 

Execute: d =— =---= 1.77 eV 

700x10 m 

iDEVnrv and SET Ur c = f A. The source emits (0.05)(75 J) = 3.75 Jof energy as visible light each seccmd. 
E = hf. with * = 6.63x10*“ J r. 


Execute: (■>/ = != 12 11 1 ^ 1^ --5.00x10“ Hz 
A 600x10“ m 

<b) E = hj =(6.63xI0*“ J-»X5.00xl0“ Hr) = 3.32x10*" 1. The number of pholc®* emitted per seccod is 

_-- 7 .. 5 . 1 _= 1.13X10“ photons. 

3.32x10- J/photon 

(c) No. Use frequency of the light depends on the energy of each photun. The number of photons emitted pet 
secood is proportional to the power output of tbe wiurce. 

IDEVTIFY: In the photoelectric effect the energy of the photon is used to eject an electron from the surface, and 
any excess energy goes into kinetic energy of the electron. 

SET Ur The energy of a photon aE = hf aol the week furxtun is given by 6= hfy where ft, a the threshold frequency. 
Execute: (a) From the graph, we see that K ™ = 0 when A = 250 nm. so the threshold wavelength is 250 nm 
Calling/i the threshold frequency, we have 

f 0 = c/Ac= (3.00 X 10 1 m<sV(250 nm) = 1 2 x 10“ Hz. 

<b> = */ 0 = (4. i 36 X 10*” eV • s XI -2 X 10“ Hr) = 4.96 eV = 5.0 eV 

(c) The gngih (see Figure 38.10) is lireur la A < At (1/<1 > 1/<4J. aid linear graphs are easier to interpret thm cones. 
Evaluate: If the wavelength of the light is longer than tbe threshold wavelength (that is. if HA < HA,), the 
kinetic energy of the electrons is really not defined since no photoelectrons are ejected from tbe raetaL 
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38.11. 


38.12. 


38.13. 


38.14. 


38.15. 


IDENTIFY: Protons have mass a&J photons are massless. 

(a) srr UP: Fox a particle with mas*. K - p x t2m. 

EXECUTE: p 1 = 2p l mean* K 1 =4K l . 

(b) SET Ur: For a photon. f = pc. 

Execute: p 1 =2p l mean* £j=2£j. 

Evaluate: The relation between £ and p is different foe particles with mass and particle* without mas*. 
IDENTIFY and Set UP: cV 0 = im» £*. where V 0 i* the stopping potential. The stopping potential in volts equals 

cV* in electron softs, = hf - 0 . 

Execute: (a) ev # = imvi, so 


is 2.7 electron volts, 
(b) imv£, =2.7 oV 


(4.136xl0“ 15 eV 5X3.00x10“ m/s) 


250x10 m 


-2.3 eV - 4.96 eV - 2.3 eV = 2.7 eV . The slopping potential 


(a) IDENTIFY: first use Eq.(38.4) to find the work function p. 

Set tin r v t = hf-f so <*=hf -,v 0 =£i-eV 0 

. (6.626x10— J-sM2.998xlO' m/s) „ 

Execute: fi = ---(1602x10— CK0.181 V) 

** = 7.821x10*“ 1-2.900x10— 1 = 7.531x10— 1(1 eV/1.602 x lO'" I) = 4.70eV 

IDENTITY anil SET Ur: Tbe threshold frequency f a is the smallest frequency that still produces pbotoelectrons. 
It cone spends to =0 In Eq.(38.3). so hf t = fi. 

fcXECVTE: f= C - says ^- = 9 

* = (6*26X10- I s),2998x l 0‘ ■*> = ,^ m = 264 „ 

^ 9 7.531x10 I 

(b) EVALUATE: As calculated in part (a). P = 4.70 eV. This is the value given in Table 38.1 Tor copper. 
IDENTIFY and SET Up: a photon has zero rest mass, so its energy and momentum are related by Eq.(37.40). 
Eq.(38.5) then relate* it* momentum and wavelength. 

Execute: (a) £ = pc = (8.24x10-“ kg-m/sX2998xlO* m/s) = 2.47x10** J = 

(2.47x10** JX1 eV/l.602x10** I) = 1 -54 eV 

,b, 6626 gP *-=8.04..0^=80.on, 

X p 824x10“’ kg m/% 

Evaluate: This wavelength is longer than visible wavelengths: it is in the infrared region of the 
electromagnetic spectrum. To check our result we could verify that the same E is given by Eq.(38.2). using the X 
we have calculated. 

Identify and SET Ur: Balmcrs formula is -L = rtj JT~~T |- H r spectral line n=5. Once we have X, 

calculate ffroai f=c/X and E from Eq.(38.2). 

—»<■» 

Thus A= — = -—- r- m = 4.341xlO ? m = 434.1 nm 

21£ 21(1-097x10 / 
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38.16. 


38.17. 


38.18. 


38.19. 


(c) E = hf = (6.626x10'“ J -SM6.906X10 1 * Hz) = 4.576xlO" 1 * J = 2.856 eV 

Evaluate: Section 38.3 shows that the longest wavelength in the Balmcr senes (H„) is 656 nm anil the 
shortest is 365 tun. Out result fen H, falls within this range. The photon enetgies lot hydrogen atom transitions are 
in the eV range, and our result is ol this order. 

IDE-Vnrv and SET Lip; For the Lyman series the final slate is n = 1 and the wavelengths are given by 

n = 2.3. For the Faschen series the final slate is n = 3 and the wavelengths are given by 




-=*I if-irl. *1=4.5..... R = 1.097xlO 7 m' 1 


The longest wave leak* ill is for the smallest n and ibe shortest 


wavelength is for n ~. 


EXECUTI: Lyman Longest; — = 


Shwtcit 




1 

F 

i 

1.097x10' 


=H. Am 


3(1.097 xlO 1 m' T > 


= 121.5 am. 


= 91.16 tun 


Paschen_Longe,t: -£■ 


Shortest: 


A = 


144 

7(1.097x10 m"‘) 


= 1875 nm . 


(-) E,=-- = 


x s \7^rT 

(663x10'’* I •*) (3.00x10* m s) 


= 2.31X10'" 1 = 1.44 eV. 


8 . 60 x 10 - m 

So the internal energy of the atom increases by 1.44 eV to E = -6.52 eV +1.44 eV = -5.08 e V. 

£ I6.63x l 0~‘* I s, (3.00x10* m ,) 7 j x|0 -» j = 2-96e V . 

r L 420x10" m 

So the final internal energy of the atom decreases to E = -2.68 eV - 2.96 eV = -5.64 eV. 

IDENTITY and SET lip; The ionization threshold is at E =0. The energy of an absorbed photon equab the 
energy gained by the atom and the energy of an emitted photon equals the energy lost by the atom. 

Execute: (a) A£ = 0-(-20 eV) = 20eV 

(b) When the atom in the n = 1 level absorbs a 18 eV photon, the final level of the atom is n = 4 . The possible 
transitions from n = 4 and corresponding photon energies are n = 4-*n = 3. 3 eV ; n = 4-m = 2. 8 eV; 

n = 4-»n = L 18 eV. Once the atom has gone to Ibe n = 3 level, the following transitions can occur: 
n = 3 -*n = 2. 5 eV ; n = 3-»n=l, 15 eV . Once the atom has gone to the n = 2 level the following transitiem 
can occur: n = 2 -» n = L 10 eV. The possible enetgies of emitted photons are: 3 eV. 5 eV. 8 eV. 10 eV. 15 eV. 
and 18 eV. 

(c) There is no energy level 8 eV hitter in energy than the grourxl stale, so the photon cannot be absorbed. 

(d) The photon energies for n = 3-* n = 2 and for n = 3 -*n = lare 5 eV and 15 eV. The photon 
energy for n = 4 -* n = 3 is 3 eV. The work function must have a value between 3 eV and 5 eV. 

IDE-Ynrv and SET Up Use wavelength of the photon is related to the transition energy £ - £ of the atom by 


£-£ =y where he = 1240x1 O' 4 eV m . 

Execute: (a) The minimum energy to ionize an atom is when the upper state in the transition has E = 0. so 


=-17.50 eV . fxir n = S-»n=l. 2 =73.86 nm and £.-£. = 


1.240x10* eV-ra 


= 16.79 eV. 


73.86x10-” : 

£ = -17.50eV.16.79eV = -0.71 eV . For n = 4n = 1. 2 = 75.63 nm arxl £, =-1.10eV . For 
a = 3 — »n =1. 2 = 79.76 nm and £, =-1.95 eV. Foe n = 2-*n = l. 2 = 94.54 nm and £- = -4.38 cV . 

he 1.240x10'* eV-m 


(b) E—£=£, — £, = —1.10eV-(-4.38eV) = 3.28eV and 2 = 


-E, 


3.28 eV =378mD 
* = 1 transition energy so the 


L VALLATE: Inc n = 4-+n = 2 transition cocrgy is smaller than the n = 4 
wavelength is longer, in fact, thi* wavelength a loam than for any transition that cods in tbc n = 1 stale. 
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38.20. 


38.21. 


38.22. 

38.23. 


38.24. 


38.25. 


(a) Equating initial kinetic energy anil final potential energy and solving for the separation radius r. 

r _ 1 (92e)(2f) _ 1 (184)(1.60xlQ-‘*C> _ cc< ^ n .„_ 

4 x<y K i/fh, (4.78x10* l/C) 

(b) The abo»c result may be substituted Into Coulomb'* law. ex. the relation between Ibe imgmtude of the force 
uul the magnitude ol ibe potential energy in a Couktmbic liekl U 

F _ * _ <*-78x10* eV) (1 Ax 1Q°* I ■ ev) _ p . M 
~ r (5.54x10°* m) 

la) IDENTIFY: If Ibe particles are treated as point charge*. U = 1 ' M ' . 

4*<« r 

SET UP: q,=2e (alpha particle); q, = 82c (gokl nucleu*); t i* given 10 we can solve foe V. 

Execxte: !/=(8.987X10* N.m 1 /C j )<2^^^)l = 5.82xl0-J 
t/ =5.82x10*° 3(1 eV/1.602x10*** J) = 3.63x10 s cV = 3.63McV 
(b)lDE.vnrY: Apply conservation of energy: K l +U l = K 2 +l/ y 

SET Up: Let point 1 be the initial position of the alpha particle and point 2 be where the alpha particle 
momentarily comes to rest. Alpha particle is initially far from the lead nucleus implies q « ~ and U x = 0. Alpha 
particle stops implies K l = 0 . 

EXECUTE: Conservation of e«rgy thus says K x = U 1 = 5.82 X10"° J = 3.63 MeV. 

Evaluate: v/c = 0.044. HI It i* ok lo u*e Ihe nixnelali*i*tic expression to relate K and v. When the alpha 
particle stops, all it* initial kinetic energy has been converted to electro*tabc potential energy. 

la), (b) Foe either atom, the magnitude of the angular momentum 1* —= 1.05x10°* kg m‘/t. 

IDENTIFY and SET Up: Use the energy to calculate n lor this *tate. Then use the Bohr equation. Eq.(38.10). to 
calculate L 

EXECUTE: E. = -(13.6 eVyn'. »i this state ha* n = ^13.6/1J1 =3. In the Bohr model. L = itf so lot thu state 
E=3A —3.16x10°* kg m'/s. 

Evaluate: We will find in Section 41.1 that the modem quantum mechanical description give* a dilferent 
result. 

Identify and Set Up: Foe a hydrogen 


£.=- 


13.6 eV 


-At = —, where At i* the magnitude ol the 

ft A 


energy change foe the atom and A is Ibe wavelength of the photon that is absorbed oe emitted. 

EXEtXTE; A£ = £,-£, = -<13.6 eV)| Jj-p-1=.12.75 eV. 

x= kc_ = (4..36X10"’ , v -,K3flP Xltf ^> =973nm /= c = 308xltf s Hz 
A E 12.75 eV A 

IDEVTIFY: Ibe force between the electron and the nucleus m Be* i F = * ^ . *berc Z = 4 is the nuclear 

4*, 0 75- 

charge. All the equations fi* the hydrogen atom apply lo Be* if we replace e 1 by Zt 1 . 

(a)SETUP: Modify Eq.(38.18). 


Execute: £ =- 


"ic 




(hydrogen) becomes 




13.60 cV 


(for Be*) 


13.60 cV 


= -218cV. 


<0 V <0 8nV 

The ground-level energy of Be* is = 16| 

EVALUATE: Tbe ground-level energy of Be* is Z 1 = 16 times the ground-level energy of H. 

(b) SET Vn Tbe ionLtation energy is tbe energy difference between the n -* « level energy and the n = 1 level 
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38.26. 


38.27. 


38.28. 


EXECUTE: The n -♦ « level energy is zero, so the ionization energy of Be* is 218 cV. 
EVALUATE: This is 16 times the ionization energy of hydrogen. 

(c) Set Ur: -L = Jfl jtal as for hydrogen but now R his a different value. 

X \ it, n 2 \ 

4 


Execute: ft. = 


Up 


= 1 .097x10’ m“‘ for hydrogen becomes 


R U =Z 2 — p- = 16<1.097xl0 7 nr*) = 1.755x10* m' 1 for Be*. 


For n = 2 to « = L - = R U - t — t =3R/A. 


X = 4/(3R) = 4/(3(1.755x10* nT 4 )) = 7.60X10* 4 m =7.60 nm. 

Evaluate: This wavelength is smaller by a IJctoc of 16 compared to the wavelength for the corresponding 

-*fL* 

(d) SET UP: NfodifyEq.(38.12): r a =4^——j. (hydrogen). 

nV _ 

Execute: ■ ,k (Be ). 

Xm{Z* ) 

EVALUATE: For a given n the orbit radius for Be** is smaller by a factor of Z = 4 compared to the 
corresponding radius for hydrogen. 

(a) We can find the photon’s energy from Eq. 38.8 

£ = bcft| * 2 - \ j = (6.63xl0“* 4 J • s) (3.00x 10* m/s)(1.097xl0 7 ra" l )j 1=4.58x10“* J. The 

corresponding wavelength is L = — = 434 nra. 

he 

(b) In the Bohr model, the angular momentum of an electron with principal quantum number n is given by 

Eq. 38.10: L = n— . Thus, when an electron makes a transition from n = 5 to n = 2 orbital, there is the following 

loss in angular momentum (which we would assume is tramferred to the photon): 

AL=(2—J)—————^=~3.>7xl0 J4 J-». 

2x 2 .t 

However, this prediction of the Bohr model is wrong (as shown in Chapter 41). 

(a) v.=~ — :a = l^v,= = 2 . 18 x 10 * art 

«, 2nh c.2 (6.63x10"“ I s) 


(b) Orbital prnou = 


»i = 2 => v, = ^ = 1.09x10* m.i. = 3 =51, = ^ = 7.27 x 10* m.l 

.... 4AV 


r, 1/V* 1 ' 2 " fc 

n=,=»r l= 4 yy*i-j, i=,.S3 X , 0 ~ | *, 

1 19.11x10“ kg) (1.60x10" C) 1 

n = 2: r, = 7;|2)’=122x10“^5. n = 3: r, =7j(3)’=4.13x10“'’i 

1 . 0 xlQ“*» 


(c) number of orbits =. ~ = 8 . 2 x 10 . 

122 x 10 “ s 


IDEVTIFY and SET UP: E. = - 


13.6 cV 


13.6 cV 


13.6 cV 




IE = £ . - £ = (-136 eV) 


f ^- ; J.; = -<13.6«V,f-^|» r 

1 £ = (13.6 eV> r"*' , A» n beconxj Urge. A£ -*(13.6 eV)£l = (13.6 eV)-^ 
(n X« + l) n n 
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38.29. 


58.30. 


Thus A£ become* small a* n becomes large. 

(b) r = n\ so the orbit* gel farther apart in spice as n increases. 

IDENTIFY anil SET Up: The number of pbJlcms emitted each second is the total energy emitted divided by the 
energy of one photon. The energy of one phirtoo is given by Eq.(3S.2X £ = Ft gives the energy emitted by the 
laser in time t. 

Execute: In 1.00 s the energy emitted by the laser is (7.50x10“* WX1.00 s) = 750x10”* J. 

_ , . . . _ he (6.626X10- 14 J *K2.998xl0* m^s) , n „ 4 , 

The energy of each photon is £ = -— =- 106x10^ - = 1 874 x 10 J- 

Therefore - 7 50> !° * J ' % -=4.00xltf T photons/* 

1.874x10”* J/pholon 

EVALUATE: The number of ptiMoat emitted per second i> extremely large. 

iDEVnr* and SET Lip; Visible light ha. wavelengths tarn about 400 tun to about 700 run. The energy of each 

photon i» E = hf = ;■ " 1| —Li!l. The power i> the total energy per second and the to«al energy R, it the 

A A 

number of pholco* N times the energy £ of each photon. 

Execute: (a) 193 nm is shorter than visible light so is in the ultraviolet. 

(b) fsiisl.OTxHr 11 J=644eV 

(0 P=^=™ ,o Af = ■* = 11 WXI2.0<10'' .) = , 7Sx|0 . ^ 

I l E 1.03x10 “ J 


EVALUATE: A very small amount of energy is delivered 
large number of photons. 


the lens in exh pulse, but this still corresponds to 


38.31. Identity: 


Apply Eq.(38.21>: 

"v 


SET UP: From fig.38.24a in the textbook. £,, = 20.66 eV and £,, = 18.70 eV 

EXEtVTE: £,.-£„ = 20.66 eV-18.70 eV = 1.96 eV(1.602xl0*" J/l eV) = 3.140xl0'" J 

(a) """ - r HI '*>'"* ll ‘ ■»■** PI - r -»* -1 j~ |ft-* 1 

"v 

(bl Ml'—* —■* = e -”" = 3.5 xlO* 1 ’ 

n » 

(<) n u - miimot* uoim: _ f -ii« _ 5.9x10® 

">* 

(d) EVALUATE: At each of these temperature, the number of atoms in the Si excited .tale, the initial state lor the 

transition that emits 632.8 nm radiation, i. quite small. The ratio increases as the temperature increase*. 


38.32. 


n ‘\. 


... Ac (6.626X10 
=_ 


>„3.000x,0‘ m ,) -;337Sx|o .„ J 
5.890x10-' in 


^=-= 


he <6626xlO' M J)(3.000xl0*m s) 


5.896x10" m 


= 3.371x10-" I. hi ...,,= 3.375X10"“ J -3.371x10*“ J = 


4.00x10-" J. ^ = =0.944. So mure atom, are in the 2p., stale. 

H »a. 

38.33. eV MC =hf ma =^L 

Ac _<6.63xl0-“J 5X3.00x10* m.s)_ ^ 

w =-=-=3.11X10 m 

eV* (1.60x10”^ CK4000 V) 

This is the same answer as would be obtained if electrons of this energy were used. Electron team* are much more 
easily produced and accelerated than proton beams. 
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38.34. 


38.35. 


38.36. 


38.37. 


38.38. 


iDEVTir* anil SET IIP; — = eV . wbae x u the wavelength of the x ray and V I* the «celeraling voltage. 

, , „ he (6.63 x 10*“ J s)< 3.00x10* m/s) 

EXEtTTE: (a) V = — =---.-= 829 kV 

rX (1.60x10*“ CMO.lSOxlO - * m) 

,, , he (6.63x10*** J s)(3.00xl0* m/s) ,,, 

(b) X = — =---,-= 4.14x10 " m =0.0414 nm 

eV (1.60X10*“ 0(30.0x10* V) 

(f) No. A pi(Xixi ha* Ihc same magnitude of charge as an election and therefore gain* the ume amount of kinetic 
energy when accelerated by the same magnitude of potential dr tier erne. 

iDEVnrV: The initial electrical potential energy of the rccelerated electron is converted to kinetic energy which 
it then given to a photon. 

SET Up: TV electrical potential energy of an electron is cVm. where Vac it die accelerating potential, and the 
energy of a photon it hf. Siixe the energy of the electron it all given to a photon, we have eV*c = hf. For any wave. 
« = • 

KXEtVTE: (a) cVac - ty™ gives 

/„ = eVu/h = <1.60 x 10*“ CX25.000 W(6.626 X 10* M J • t) = 6.037 x 10" Hz 
= 6.04 x 10" Hz. rounded to three digits 

(b> A^ = c/f^ = (3.00 x 10* nV.V(6037 x 10" Hz) = 4.97 x 10*" m = 0.0497 nm 

<c) We assume that all the energy of the electron produce* only one photon on impact with the tcreen. 

EVA1XATE: These photons are in the x-ray and fray port of the electromagnetic spectrum (see Figure 32.4 in the 
textbook) and would be harmful to the eyet without protective glass on the .screen to absorb them. 

lDE.vnrv and SET Up: The wavelength of the x rays produced by the tube is give bv ^- = eV. 


A' = A+— (1-cosd). — = 2.426x10*" m . The energy of the scattered x ray is -t. 
me me X 

he (6.63x10*“ J-*M3O0xltf m/s) 

LXECVTE: (a) A = — =---,-= 6.91x10 m = 0.0691 ran 

eV (1.60x10*“ C)(18.0X10’ V) 

(b) A' = A + — (l-c«»d) = 6.91xl0"" m»(2.426x10*" m)(l-cos4S.O ). 
me 

X = 6.98x10-“ m = 0.0598 nm. 

(.) £ = y = ^ -36>10-"cV.,X3.00xlO*r l V„ =|78keV 
X 6.98X10*" m 

EVAIAATE: The incident x ray has energy 18.0 keV. In the xaltermg event, the photon loses energy and its 
wavelength increases. 

iDEvnr*: Apply Eq.(38.23): X-A = — (l-cos« = ^-(l-coid) 

me 

SETUP: Solve for X:X = A + A c (\-cw^) 

Hie large** X coaespool* lo ^ = 180°. xo cox^ = -l. 

KXEtVTE: A'= A + 2Ac = 0.0665X 10* 4 m +2(2.426x10’ 12 m) = 7.135x10“" m = 0.0714 nm. Tim wavelength 
occurx at a altering angle of f = 180 ’. 

EVALUATE: The incident photon transfer* some of it* energy and momentum lo the electron from which it 
*calien. Since (he pholco loses energy its wavelength increase*. X> X 

A*. 


(a) From hq. (38.23X cu*d=l- 


[hmc\ 


ind so Ak = 0.0542 nm -0.051X) nm. 


cos d = 1 — 0(04211,11 =-0.731. and t> = 13T’. 

0.002426 nm 

lb) £>. = 0.0521 nm -0.0500 nm. cosd = 1 - =0.134. d = 82.3". 

0.002426 nm 

(c) A. = 0 . the photon is unde fleeted. costf = l and d = 0 . 

Identify and SET UP: The shift in wavelength of the photon is X-A- —(l-co**) where X ix the 


wavelength after the scattering and — = X= 2.426X10"* 2 m . The energy of a photon of waveknglh A ix 


38.39. 
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38.40. 


38.41. 

38.42. 


38.43. 


38.44. 

38.45. 

38.46. 


38.47. 


he 1.24 x10 s4 eV m 


Coaservdbon of energy applies to the COlMrioa, so the energy lost by the photon 


A A 

equals the eoergy gained by the electron. 

Emm: (a) X-A = A x (\-cos^) = ( 2 A 26 xl(T 11 mXl-coes35.0 i ) = 4.39xl(T u m = 439x10"* nra 

(b) A' = A + 4.39X10' 4 did = 0.04250 im +4.39x10 s4 nm = 0.01294 did 

(c) £ i =^l = 2.918xl0 4 cVand E £ = ^ = 2888X10 4 cV so the phiXoo lose* 300 eV of eocTgy. 

A A 

(d) Energy conservation says the electron gains 300 cV of energy. 

The change in wavelength of the scattered photon is given by Eq. 38.23 

h ( 1 -co**). 




(6.63x10"* J s) 


Thus. X =--(1 +1) = 2.65x 10* 4 m 

(1.67x10"^ kg)(3.00xlCr nar*X0.100) 

The derivation of Eq.(38.23) is explicitly shown in Equations (38.24) through (38.27) with the final subshtution of 
P = hfk' and p =hA yielding/-X = —Q - cosp). 


From Eq. (38.30), (a) = 


-—— = 0.966 mm. and / = —= 3.10x10" Hi. Note that snare precise 

3.00 K k. 


value of the Wien duplacemenl law cots taut 
(b» A factor of 100 increase in the temperature lowers by a factor of 100 to 9.66 «m arnl raises the frequency 
by the same factor, to 3.10x10" Hi. 

(c) Similarly. ).„ = 966 nm and / =3.10x10“ Hi. 
la) H =AettT*‘.A = Ki i l 

M \V* 


r= 


'V 


Aw f \ 2rt(0.20xl0''mM0.30m)(026K5.671XlO^ W m' -K*) 
r = 2 . 06 xl 0 ’K 
(b> r. m T = 2.90x10° m-K; k_ = 1410nm 
Much of the emitted radiation is in Ibe infrared. 

2.90x10*’ m-K 2.90x10*’ m-K 


f = 


= 7.25x10’ K. 


400x10*“ m 

iDEVnr* and SET Up; Ibe wavelength A. where the Planck distribution peaks is given by Eq.(38.30). 
290X10*’ m K 


Execiie; A. = 


= 1 . 06 x 10 * tn = l.Q6mm. 


2.728 K 

KVA1XATE: This wavelength is in the microwave portion of the electromagnetic spectrum. This radiation is often 
referred to at the "mkrowave background” (Section 44.7). Note that in Eq.(38.30). T mutt he in kelviot. 
lDE.vnr*; Since the stars radiate at blackbodies. they obey the Stefan-BolUminn law and Wien's displacement 
law. 

SET Up: Ibe Stefan-Boltztmnn law says that the intensity of the radiation is/= 07‘. so the total radiated power 
is P - aAT '. Wien's displacement law tells ut that the peak-intensity wavelength is A* = (constantVT. 

KXEtVTE: (a) The hot and cool stars radiate the tame total power, so the Stelan-Boltimann law gives = 

OAJ' - 4.S, i r b ’ = AxK't' = 4r(3^0 i r i ‘ o T,‘ = 97*‘ - T, =T^3 = 1.7T. rounded to two significant digits, 
(b) Uting Wien's law. we take the ratio of the wavelengths, givxng 

< ‘“ lho1 * = — = = -L = 0.58, roUDded to two significant digits. 

a, (cool) T, 7* v ’3 

EVALUATE: Although the hot star hat only 1/9 the surface area of the cool star, its abiolute temperature hat to be 
only 1.7 limes as great to radiate the same amount of energy. 

(a) Let a = hc/kT. To find the maximum in the Planck distribution; 


1- <L. 


lithe 1 ( 2 the 1 ) 2 /the‘i-a:)}) 

..V‘-1> iV J -i) >.V -l) 1 


=.-5<e*- -1». = U => -5e*“ = = Solve 5- i = 5e‘ where , = - = 

A ,JlT 
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38.4*. 


38.40. 


38.50. 


38.51. 


root is 4.965, so - = 4.965 => X = 


(b> >.J = 


k 


(4.965)*T 
_ (6.63-10'“ I •M3.00X10* m/s> 
(4.965)(1.38-10*"J,K) 


= 2.90x10'’ m K. 


(4.965# 

iDEVnrV: Since the star* radiate as blackbodie*. they obey the Stefan-Boltzmann law. 
SET Up; Ibc Stefan-Boltzmann law say* that the intensity of the radiation i* / = dT*. * 
i*£ = OAT'. 

EXECUTE: <■)/ = OT* = (5.67 - 10"* W/m l K* )(24,000 K)‘ = 1.9- 10 il W/ra 1 
(b) Wien ’s Uw give* = (0.00290 m K V(24.0(» K) = 1.2 x 10 ? m = 120 nm 
Thu it not viable ante the wavelength i* leva than 4(XI nm. 

(e)/* = A/ = 4i/e J = /W«<l.(Mxl0 1, WV(1.9x 10 ,o WAn J ) 
which give* Km. = 6.51 X 10 , m = 6510kni. 

= (6.51 X 10* mV(6.96 x 10* m) =0.0393. which give* 

= 0.0093 K,„ : 10! K„ 

Id) Using Ibe Stefan-Boltzmann law. we have 
T~ ~ ~ 4 fiKLjL 


the total radbted power 




SSQ0 K 


= 39 


r_ I 1 0.00935l v 24.000 K 

EVALUATE: Even though the abvolute surface temperature of Sirius B U about 4 tunes that of out sun. it radiate* 
only 1/39 time* a* much energy per vecond a* our sun because it U *o small 


Eq. (38.32): /(/.) =but e 1 =l-f, + ^ 


-•■l + aftit 


X'^l->/(/)* - 

y'ihc^.kT) 


lx ikT 


= Eq. (38.31). wtiich h Rasieigb’s distribution. 


(a)Wien'*law: >..=£. = 9.7xl0~ , m =97nm 

I 30.000 K 

Thu peak u in the ultraviolet regloo. which U not visible. The alar 1* blue because the largest part of the visible 
light radiated is in the blue,'violet part of the visible spectrum 
(b» P=rAT' (Stefan-Boltzmann law) 

(100.000X3.86x10“ W) = j S.bTxlO-*-^-, ;(4*R ! X30.0(» K)‘ 


R = 82x10* id 




82x10* m 

6.96X10* id 


= 12 


(c) The visual luminosity i* proportional to the power radiated at visible wavelengths. Much of the power is 
radiated nonvisible wavelength*, which does mil contribute to the visible luminosity. 

IDENTITY and SET Up: Use c = /A to relate frequency and wavelength and use E = hf to relate photon energy 
12(1 frequency. 

EXECUTK: (a) One pboton dissociate cot: AgBr molecule, so we need to find the energy required to dissociate a 
single molecule. The problem slates that it requires 1.00x10 s J to dissociate one mole o! AgBr. and one mole 
contains Avogadro’s cwmber (6.02 X10 21 ) of molecules, so the energy required to dissociate one AgBr is 

1 . 00 x 10 * J/mol 
602 x 10 " molecules/mol 

The photon is to have this eoergy. so £ = 1.66x10'“ J(leV/l .602x10'“ l) = 1.04 eV. 


= 1.66x10^* I'lDolccuk. 


(b) £ = — so A = — = 


he (6.626X10'“ J sX2.998x 10* m/s) 


(c) c = /A so /=- = 


1 . 66 x 10 *” I 
2.998X10* nv's 


= 1.20x10 m = 1200nm 


= 2.50x10“ Hz 


1.20x10'* 

Id) E = hf =(6.626xl(T“ J -sX 100x10* Hr) =663x10"“ I 
£ = 663x10'“ J(1 eV/1.<02x10"” J)=4.14xl0' ! eV 
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38.52. 


38.53. 


38.54. 


38.55. 


(e) EVALUATE: A photon with fre q ue ncy f = 100 MHz has too bitle coergy. by a Urge factor, to dissocial* a 
AgBr molecule. He photons in the visible light from a firefly do individually have enough energy to dissociate 
AgBr. The huge number of 100 MHz phulcos can’t compensate for the fact that individually they have too little 


Assume a non-relativistic velocity aaJ conserve momentum => mv = — o v =—. 


<*;■ 


(b> AT = 


Ini- 


K h* X h 

(c) — =-- — =-. Recoil become* an urmoetanl concern In small m and small A since this ratio 

E 557 he 2 mo. 

in those limit*. 

<d) £-1Q2.V =>1 , * a. ■*> = 132xlQ-' m=122 nm 

£ <10.2 eVX1.60xl(T J. ©V) 

AT =_(6.6 3X1Q- 14 ! »)- _ = g 84 x lO"* J = 5.53X KT* eV. 

2(1.67x10"“ kgXl-22x10 m)* 


*_ 5.S3xl0~*cV 
E 102 eV 


= 5.42X 10 - ®. This is quite small «i recoil cm be neglected. 


iDEVnrv and SET UP; / = L. The (/.V,.)values are; (8.20x10" He. 1.48 V). (7.41x10" He. 1.15 V). 

A 

(6.88x10" He. 0.93 V). (6.10x10" He. 0.62 V). (5.49x10" He. 0.36 V). (5.18x10" He. 0.24 V). The graph 
of V, vers us/is given in Figure 38.53. 

EXECUTE: (a) The threshold frequency. /, . is/where V e =0. From the graph this is / 4 =4.56x10" He . 

,, , c 3.00X10* m/s „„ 

/ 4 4.56x10" He 

(c) rf = /t/ 4 =(4.136xl0'“ eV sX4.56xlO" He) = 1.89eV 

(d) eV, = hf -tfso V 0 =| - \f-+. The slope of the graph is -. 


= 4.11xl0* 1! V/HeaoJ 


h 1.48 V-024 V 

7 = l 8.20.10 1 * lle-5.18xl0" He 
h = (4.11x10**’ V/He)(1.60xl0"" C) = 6-58x10-" J s. 

V„<voKs> 



I 110" Hri 


, , dN (dE dt) r (200 W)(0.10) , 

(a) -= --= — =-.-= 6.03x 10 * photons/sec. 

dt (dE. dN) hf «5.00xlO" He) 

(b) Demand = 1.00x10" photons,'sec cm 1 . 


Therefore. r = 


6.03 X10" pbatuns sec 


vi 


= 6930 on = 69.3 m 


4«(1.00xl0" photons sec ern*) 

(a) IDENTIFY: Apply the photoelectric effect equation. Eq.(38.4). 

SET UP: eV 0 = hf-? = (he I A) - p. Call the stopping potential V a for A, and V„ for A,. Thus 

eVj, = (hc/^)-pand eV u = (hclA^-0. Note that the work function fi is a peoperty of the material and is 

indepenlent of the wavelength of die light. 

EXECUTE: Subtracting one equation from the other gives f(V K - V M ) = kc\ ^ il 

A.A- 
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38.56. 


38.57. 


38.58. 


38.59. 


(b) (6626x10* ^X25Mxlfl»n*). 295x10-m-265x,Q-m | =0476 y 

1.602xl0~"C ' (295x10 mX265xlO- m )j 

Evaluate: eAV'. which i> 0.476 eV. it the increase in photon energy lrom 295 no to 265 tun. The Hopping 
potential increase! when A decease! became the photon energy increases when the wavelength decreases. 
lDE.vnrv: The photoelectric effect occurs, so the energy of the photon is used to eject an electron, with any 
excess energy going into kinetic energy of the electron. 

SET Up: Conservation of energy gives hf = hi/A = A'„ + p. 

Execute: (a) Using he/A = K a , ♦ p. we solve for the work (unction: 

p = hc/A - = (4.1J6 x 10'” eV • s X3.00 X 10* nVsW 124 do) - 4.16 eV = 5.85 eV 

(b» The number N vt photoelectroos per second is equal to the number of photons per second that strike the metal 
per second. .V X (energy of a photon) = 2.50 W. h\h</A) = 2.50 W. 

A'= (2.50 WX124 mnVI(6.626 x lO* JsX3.00 x 10* ia(s)l = 1.56 X 10" electrons/i 

(c) A' is proportional to the power, so il the power it cut in half, so is iV. which gives 

A' = (1.56 X 10" el/sV2 = 7.80x 10”el/s 

Id) If we cut the wavelength by half, the energy of each photon is doubled since E = hc/A. To maintain the lame 
power, the number of photons must be hall of what they were in part (b). so A 1 is cut in hall to 7.80 X 10 IT ells. We 
could also see this from part (b), where S is proportional to A. So if the wavelength is cut in half, so is A'. 
Evaluate: In part (c). reducing the power does not reduce the maximum kinetic energy of the photons: it imly 
reduces the number of ejected electrons. In port (d). reducing the wavelength doei change the maximum kinetic 
energy of the photoelectrons because we have increased the energy of each photon. 

IDE-Vnrv and SET Up: The energy added to IMS! m ol the bkiod to heat it to T t = 100 C and to vaporize it is 
Q = mc(T, with c = 4190 1/kg- K and L. =2.256x10* J/kg. The energy of one photon is 

r _ he _ 1.99x10* I m 

= T = A 

Execute: (a) Q = (2.0xl0' t kgX4190J/kg K)( 100 C-33 C)+<2.0x10'* kgX2.256xlO" Mg)= 5.07x1 O'’ I 
The pulse must deliver 5.07 mJ of energy. 

(b. f=5^ = %£xl£i = H3W 
t 450x10 % 

(c) One photon has energy £ = ^ = \ = 3.40x 10*** i. The number S of pylons p*r pulse is the 

energy per pulse divided by the energy ofooe photon: .V = 1- — = 1.49x10* photons 


(a) ). 0 = —. and the wavelength* arc: cesium: 590 nm. copper. 264 nm. potassium: 539 am zinc: 288 run. 

b) The wavelength* of copper and zinc are in tbc ultraviolet and visible light i* not energetic enough to overcome 
the threshold energy of these metals. 

(a) Identify aol Set Up: Apply Eq.(38.20): m. = ■ fn,m2 = 

m l +m 1 207 m t + 

EXEUX-™: „ = ^ ^Xl.673.10--kg) 

207(9.109xKr' kg) + 1.673x10* kg 
Wc have used m, to denote the electron mass. 


(b)lDEVnrv: lnEq.(38.18)repl*e m = m. by m,:E.=-^^ r 

SETUP: Write as E = f — 1 - ' . since we know tlut ’ Z!h^_ = 1 3.60eV. Here wl denotes the 

l%rt s ht J s 8 * 

reduced mass for the hydrogen atom: m, =0.99946(9.109x10'” kg) =9.104x10'" kg. 

Exeuute: £= 1-1“ 13 60 rV 


1.69X10* kg 
9.104x1 O'” kg 


(-13.60 eV) = 186(-13.60 eV) = -2.53 keV 




38.60. 


Mil. 


38.62. 


il-U 


Cl 


SET Up: From pat |b). ^ — | . where R„ =1.097x10’m" 1 it the Rydberg constant foe the 


hydrogen atom. Use this re wilt m — = to find an expression foe I/A. The initial level for the transiUoo is 

the n, = 2 level and the final level u the n, = 1 level. 

tXECVT*: * = ** 1 ' ( V* 

A ™u 

1 1.69x10"“ kg ( IX 27x(o , 

A 9.104x10-” kg 'IF r ■ 

A = 0.655 nm 

Evaluate: Frura Example 38.6 the wavelength of the radiation emitted in this transition in hvdrogcn is 122 nm. 
The wavelength for muomum is = 5.39 X10“* limes this. The reduced mas for hydrogen is very close to the 


electron mass because the electron mass is mixfa less then the proton mass: =1836. The moon mass is 

207m, = 1.886xl(T a kg. The prole© is only about 10 times more massive than the muon, so the reduced mass is 
somewhat smaller than the muon mass. The muon-proton atom has much more strongly bound energy levels and 
much shorter wavelengths in its spectrum than for hydrogen. 

(a) The change in wavelength of the scattered photon is given by Eq. 38.23 

i'-i = —(l-co*tf) ->k=X'~ —(1 -costf) = 
me me 

(0.C83OX 10* m) - l6 f 1 3<l ° —i-lL-(1 ♦ 1) = 0.0781 nm. 

(9.11x10"” kgX3.00xlO nt>) 

(b> Since the collisieo ii one-dlroenMonal. the magnitude of Ihe electron's momentum must be equal to the 
magnitude of the change in the photon's momentum Thus. 

= 1.65 x 10"" kg m/s * 2 X10"" kg • m/s. 

(c) Since the electron is non relativistic (tf = 0.06) K =-£l = 1.49x10’ W J»10" U J. 


Identity and Set Up: A' = A + —(1-cosd) 




d = 180 so A =A + — = 0.09485 m. Use Eq.(38 .5) to calculate the roomentum of the scattered photon. Apply 
me 

conservation of energy to the coilisioa to calculate the kinetic energy of the electron after the scattering. The 
energy of the pholc© is given by Eq.(38.2). 

Execute: (a) p=h/A' = 6.99X10" 14 kg m!%. 

(b) £ = £'+£,; hc/A = hc/A'+E, 

(Y 1 X-A 




= 1.129x10 J =705 eV 


KVAU. ATE: The eoergy of the incident photon is 13.8 keV. so only about 5% of its energy is transferred to the 
electron. Thu correspond, to a fractional shifl in Ihe photon's wavelength that is also 5%. 

(a) 6 = 18CT so (1- costf)=2 => &. = — = 0.0049 nm. to >.'=0.1849 nm 


1 1 

(b) A£ = Jk-; ; = 2.93xl0-” J = 183eV. Ttu. will be the kinetic eongy of the electron. 

(c) The kinetic energy is far less than the reW ma» energy, so a nonrelativitfic calculation is adequate: 

v = JlKIm = 8 . 02 x 10 * ra/s. 
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38.63. 


38.M. 


38.65. 


38.66. 


Identify and SET Ip: The H_line in the Balmei series conespooils to the it = 3to n=2iramUoa. 


BZBOJIS: (a)The alom roust be given an amount of eocrgy =-(13.6 eV)J| =12.1 eV 


(b) There are three possible transition*. /i=3->n = l: A£ = 12.1 cVand A = — = 103 run ; 


= 3-t/i =2 


= -<13.6 eV)| | = 1.89 eV and >4 = 657 nm; n = 


2 -*n = l : 


1£ = -<136eV)’ ----- ' = 10.2eVand >4 = 122 ora. 


= c 


, IT 


F 


Hnln./n.l 


E a = E t = 


-13.6*V 


=-3.4eV. £ =-13.6eV. £,-£, =10.2 eV = 1.63x10*“ J. 


(a) — = 10*“. T = 


-<1.63x10*“ J) 
(1.38x10*" J KHn(10*“) 


= 4275 K. 


<b»*=IO*. r= 4 =6412K. 

n, (1.38x10** J K) Id(10^) 

<c> ^ = 10-. r=^^£^__ = , 28 24K. 
a, <1.38x10*" J. K)1 d(10 ) 

(d> R>r absorption (o lake pUct In Ibe Balmcr senes. hydrogen must Han In the n = 2 state. Rom part (a). colder 
stars have fewer atom* In this state leading lo weaker absurption lines. 

(a) IDENTIFY aal SET UP: The pholon energy is given lo the electron in the alooi. Some of this energy 
overcomes the binding energy of the atom and what is left appears as kinetic energy of the free electron. Apply 
hf = £ - £. the energy given to the electron m the atom when a photon is absorbed. 


tXECXTE: The energy of one phixoo is — = 


he (6.626x10*“ J sM2.998xlO* m/s) 


85.5x10*' m 


y = 2.323X10*“ J<1 eV/1.602xlO*“ J) = 14.50eV. 

The final energy of Ibe electron is ^ + hf. In Ibe ground stale of the hydrogen atom the energy of the election 

is £, = -13.60 eV. Thin E, =-13.60eVtl4.50eV=0.90eV. 

(b) Evaluate: At thermal equilibrium a few atoms will be in Ibe n = 2 excited levels, which have an energy of 
-13.6 eV/4 = -3.40 eV. 10.2 eV greater than Ibe energy of the grourxl stale. If an electron with £ = -3.40 eV 
gains 14.5 eV from the absorbed photon, it will end up with 14.5 eV - 3.4 eV = 11.1 eV of kinetic energy. 
IDE.YT1FY: The diffraction grating allows us lo determine the peak-intensity wavelength of the light. Then 
Wien’s displacement law allows us lo calculate the tenperature of the blackbody. and the Stefan-Bolt/mann law 
allows us to calculate Ibe rate at which it radiates energy. 

SET Up: The bright spots lot a diffraction graling occur when d sin 6= m).. Wien’s displacement law is 

2.90xl0*’m K 




. and the Stefan-Bolt/iriann law says that the intensity of the radiation is /= OT . so the 


total radiated power is P = MT 

EXECUTE: (a) Fust find the wavelength of the light: 

A = d sm 0= 11A385.0CO Unes/m)l sand 1.6*) = 5.22 X 10 *’ m 
Now use Wien’s law to find the temperature: T = (2 90 x 10* 5 m K V(5.22 x 10 *’ m) = 5550 K. 

(b) The energy radiated by the blackbody is equal to the power times the time, giving 
V = Fr = Mr = MT‘i. which gives 

f= UA<«r*) = (12.0x 10 , JVI(5.67x 10** W/m ! K‘)(4rX0.0750 m) J (5550 K)*| = 3.16s. 

£ VALLATE: Bv ordinary standards, this blackbody is very hot. so it does not take long to radiate 12.0 MJ of 
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38.67. IDENTIFY: Assuming thill Betelgcuse radiates like a perfect blaekbody. Wien’s displacement and the Stefan- 
Bolt/minn law apply to its radiation. 

SET Up: Wien’s displacement law is m K ami ibc Stefan-Boltzmann law says tbit the 

intensity ol the radiation is/= (fT A . so the total radiated power is P = a\T 4 . 

EXECXTE: (a) First use Wien’s law to find the peak wavelength: 

4 = (2.90X 10' s m-KVOOOOK) = 9.667x 10* 7 m 
Call A’ the number oaf photons/second radiated. VX (energy per photon) = IA = rH7 4 . 

N(hc/Aj=<nT\ V = V Ar *. 

he 

>r (9.667x 10" 7 mKS^xlCT 4 W/m 2 • K 4 )(4/r)(600x 6.96x10* m) 2 (3000K) 4 


(6.626x10 J sX3.00xlCf m/s) 

A'= 5 X 10 44 photons/s. 

(b) ^ = £^=^=^'(^f=3xl0* 

.TVs 4*^7? ff, jl 5800 K 1 

EVALUATE: Beldgeuse radiates 30.000 time* as modi energy per second a* doe* our win! 

38.68. iDEvnrV: Hie blaekbody radiates heal into the wale*, but the water also radiates heat back into the blaekbody. 
The net beat entering the water causes evaporation. Wien's law tell* us the peak wavelength radiated, but a 
themiophile in the water measures the wavelength and lrequeirey ol the light in the water. 

SET UP: By the SlelanBolUman law. the net power radiated by the blaekbody is — = oA( 7^, -T»„ ) . Since 

dt 

this heal evaporates water, the rale at which water evaporates is — = . Wien’s displacement law is 

dt dt 

, 2.90xl(T*m K a _ t .. . . , 

= ---. and the wavelength in the water is = AJn. 

Execute: (a) The net radiated brat is — = <TAlT^. - 7^, I and the evaporation rale is — = £.v —. where 

dt dt dt 

dm is Ibc mass of water that evaporates in tirw dt. Equating these two rales gives L — = 17* 4 - 7 4 |. 

dt 

dt 

J .. {5.67« l 0'W.K-)(«) l 0. 1M . 1 -((.9SK ) -- l 373 K >-j -|in ^, nJ 

dt 2256X 10’1/Kg 

<b) <i) Wien's law gives 4 = (0.00290 m K 1/(498 K) = 5.82 X lCT'm 

But this would he the wavelength in vacuum. In the water the thermophilc organism would measure A, = Sjn = 

(5.82 x 10" 4 m)/l .333 = 4.37 x lO 4 m = 4.37 pm 

(ii) The frequency is the same as if the wave were in air. so 

/= r/Ao = (3.00x10*mby(S.82X lCT'm) = 5.15x 10*’Hz 


Evaluate: An alternative way is to use die quantities in the water. / = —— = c/J which gives the same 

V" 

answer for the frequency. An organism in the water would measure the light coming to it through the water, so the 
wavelength it would measure would be reduced by a factor of Un. 

38.69. iDEVnrV: Hie energy of the peak-intensity photons must be equal to the energy difference between the n = 1 
and the n = 4 states. Wren’s law alkiws us to cakulate what the terc*>erature of the blaekbody must be for it to 
radiate with its peak intensity at this wavelength. 

SET Lip; In the Bohr model the energy of an electron in shell n is . and Wren's displacement law 


is 4 = —' y — K . Hie energy of a photon is E = hf= hc/A. 

EXECUTE: Fust find the energy (A£) that a photon would need to excite the atom. The ground state of the atom 
i% n = 1 aoJ the third excited slate is n = 4. This energy is the difference between the two energy levels. Therefore 
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38.70. 


38.71. 


38.72. 


A£ = (-13.6 eV )| jt” p* | - 12 8 cV * Now wavelength of the ptoiXoo having this amount of energy. 

hc/A = 128 ©V and 

^ = (4.136 x 1CT 15 ©V-t X3.00X 10* xn'sV(128 cV) = 973 XlO" 4 m 
Now use Wiea't law to find the tenyeralure. T = (0.00290 ra • K V(9.73 X 10~* m) = 2.98 X 10 4 K. 

Evaluate: This temperacure is well above ordinary’ room temperalurej. which i* why hydrogen atoms are not in 
excited stales during everyday cooibboos. 

IDENTIFY and SET UP: Electrical pxmet is Vt Q = n ocA7. 

Execute: (a) (O.OWV/^O.OlOXlS.OxlO 1 VK60.0X10" 1 A) = 10.8 W = 10.8 J/s 

(b) The energy in the election beam that isn’t converted to x rays stays in the target and appears » thermal energy. 

For 1 = 1.00s. 0 = (0.990)V/(1.00s) = 1.07XlO* J aal A7 = —=- 1,0 ' Xl ° J -= 32.9K. The 

me (0.250 kgXl 30 J Ag • K) 

temperature rises at a rale of 32.9 K/j. 

Evaluate: The target must be nude of a material that has a high melting point. 

IDEYTIFY: Apply conservation of energy and conservation of linear momentum to the system of atom plus 


(a) srrUP: Let be the transition energy. £j A be the energy of the plxilon with wavelength A. and £ f be 
the kinetic energy of the recoiling atom. Conservation of energy gives £*+£; = £ r . 


A X = X-A=hc 


-1 


EXECim: 11 (lie recoil energy B neglected then (be photon wavelength 1% A = he/E,. 

: 

1 -E.IE. E, £„ E. 

(We have used (he binomial theorem. Appendix B.) 

Thus At = ^p . or wnce E,-he/A. At =J j^ 1 . 

SET Un Use coosetv ation of lineal momentum U> liixl £ : As Aiming that the atom is initially at rent, the 

momentum p. of the recoiling atom must be equal in magnitude and opposite in direction to the momentum 

p^=h/A ot the emitted photon: h/A = p t . 

p ! h‘ 

EXECUTE: £ = —. where nt B the mass ol the atom, so £ =-—. 

2m 2mA‘ 


Use this result in the above equation: Ail = — A 1 = ( 


dl 

he} 2 me' 

note that this result fox At B independent of the atomic transition energy. 

h 6.626XlO"" I s 


= 661 x 10 "" 


(b) Bar a hydrogen atom m = m, and At =-=-,--- 

1 2m,e 2(1.673xl0" JT kgX2.998x1O’ mis) 

Evaluate: The cccrection is independent of n. The wav elengths of photons emitted in hydrogen atom 

transitions are on the order of 100 nm = 1CT m. so the recoil codec U cm B exceedingly small. 

(a) AX,=(ft/mc)(l-c<MrS | ).AX ] = (h/iiic)(l-casff ] ). and so the overall wavelength shift B 

AX =(hfmX 2-c:",-ca') i y. 

|b) Bar a single scattering through angle 0. AX. = (A/mc)(l - cold). For two successive scatterings through an 
angle of 0(2 for each scattering. 

AX =2<*/«-Xl-coi 


1 -cost) = 2(1 - CM*(»/©> and AX. = (A/mc)2(l - cos ‘{0(2)) 
0*0(2) £ 1 »i 1 - cos‘(0 2) 2(1- coi/0 2)) and AX. SAX, 




38.73. 


38.74. 


38.75. 


38-17 


Equality holds coly when 0 = \&T. 

(c) (hfmc)2(\ - cos 30.0’) = 0.268(A/jnc). 

(d> (A/mr)(l-COft60’) = 0.5d</i. me), which is miked greater than the shill found in part (c). 

Identify and SET Up: Find the average change in wavelength for one scattering and use that in SA in 
Eq.<38.23) to calculate the average scattering angle 
EXECUTE: (a) The wavelength of a 1 McV photon is 
, he (4.136x10““ eVsX2.998xlO“ mf%) , .. 

£ lxitr cv 

The total change in wavelength therefore is 500x10”* m-lxlO' ,J m = 500x10”* rn. 

If this shift is produced in 10* Compton scattering events, the wavelength shill in eich scattering event is 
500x10”* m 

1x10* 




= 5x10“” m 


(b) Use this &A in &A = _(1 -cosd) and solve for £ We anticipate that d will be very small, since AA a 
me 

noth less than h/mc . so we can use COid»l-d 2 /2. 


\A = jL<l-(l-S,2)) = -!LS 






* SXW ' “> = 6.4xlQ-»tad = 


[4x10^) 


(h/mc) V 2426x10“* m 
d in radians is much less than 1 so the approximation we used is valid. 

(c) Identify and SET Up: We know the total transit time and the total number of scatterings, so we can calculate 
the average time between scatterings. 

Execute: The total lime to travel from the core lo the surface is (10* y)(3.156xl0 7 s/y) =3.2x10” s. There are 
10 * scatterings during this lime. sx> the average tone between scatterings is t = 3 * = 3-2x10““ s. 

The distaxxe light travels in this lime is d = ^ = (30x10* m^sK3.2xl0* n s) = 0.1 mm 

Evaluate: The photons are on the average scattered through a very small angle m each scattering event. The 
average distance a photon travels between scattering* is very small. 

he 

(a) Tbe final energy of (hr photon is £' = —.and £ = £"+£. v/txir K is the kinetic energy of the election after 


the collision. Then. 


he _ he _ he 

TK ~ <hc X')+K ~ lhc : X‘)-ly-bmc‘ ~ , ‘mc 




-1 


(K = mc‘(y- 1 ) since the relativistic expressiim must be used foi thiee-ligure accuracy), 
(b) d = »ccco(l - A- 'fh.'mc)). 


(c) r- 1 = 


“( to ) ) 


3 


— 1 = 1-25 — 1 = 0.250, — = 243x10-“ m 




1 + 


S.lOxlO" 1 

5.10.10— m)(9.11xl0" kg)<3.ai-l0‘ m *>(0.250) 
(6.63x10"“ Is) 


= 3.34x10"’nra. 


= ^j 1- (3.10x10"“ ,n ~ ?.? 4 «1°~" m) \ 
2.43x10" : m 


(a) IDENTIFY aixl SET UP: Conservation of energy applied to the collision gives E x = E x + £,. where E 4 is the 
kinetic energy of the electron alter the collision and E x and E r are the energies of the photon befexe and after the 
collision. The energy of a photon is related to its wavelength according to Eq.(38.2). 
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38.76. 


38.77. 


38.78. 


38.79. 


Exbotis: £ 




x-x 

ur 


0.0032x10** m 
<0.111X1-10-” mXO.U32xlO" m). 


£.=(6.626X10"“ JsX2.998xl0* in's) 

£.=5.105x10*'' J = 319eV 

(b) The wavelength X ol a photon with energy £, Is given by E,=hc/X so 
, he (6.626X10*“ Js)(2.998xl0* mb) , 

E. 5.105X10* 1 ’ J 

EVALUATE: Only a small portion of the incident photon's energy is Uansleired lo Ibe struck election; this is why 
ihe wavelength calculated in port (b) is much Luger than the wavelength of the incident plxiton in the Compton 


Identity: Apply the Compton scattering (ormula X’-X = AX = —(1 - cos d) = (1 - cos tf) 

(a) Set CT: Largest A2 is lot # = 180’. 

Execute: Fee # = ISO’. Ad = 2/1. = 2(2.426 pm) = 4.85 pm. 

(b) SET Ip: X-A = X,(l-m$t) 

Wavelength doubles implies A' = 2X so X'-X = X. Thus <1 = 4(1-001#). X is related to £ by Eq.<38.2). 
Execute: E=hdX, so smallest energy [hcXoo means largest wavelength photem. so # = 180’ and 

,1 = 2^ =4.85 pm Then > tt2.9Wx.tf a4J96x|(r> . J( , eV/I 602x , 0 -.* n = 

^ y X 4.85X10"" m 

0256 MeV. 

EVALUATE: Any plxiton Compton scattered at # = 180' has a wavelength increase ol 2X, = 4.85 pm. 4.85 pm is 
near Ihe short-wavelength end of the range of x-ray wavelengths. 


<■) IQ) = n 


2 *hc‘ . , c 

-n——,- but «. = — 

-1) / 


2nhc‘ 




ixh) 


(b»J o /ft)#4=J 

_r 2x*f'df _ 2irikT)‘ r - X* 2nfkr' 1 n ^_Q*fqo? 

pjp-J. Try*— 7iTlM {2X) ' 24w.'c ! "iW 

(c) The expression ~ ’‘ . X* =<T as shown in Eq. (38.36). Plugging in the values (or Ibe constants we gel 
it = 5.67x10* W/m ! • K* . 

/ = cT’.P- IA. and A£ = Pi; combining. 

A£ (1CXJI) 


AoT* ~ (4.00x 10"* m‘M5.67xl0** W' in' K*M473 K)’ 


=8.81x10' » = 2.45 lira. 


(a) The period was found in Exercise 38.27b: T = 


4 <lnW 


and frequency is just / = y 


lb) Eq. (38.6) tells us that / = f(£. - £.). So / = 


II n = n and n = n ♦ 1. then _1_ — _L = _!,—_1__ 

1 ^ V (n + l>- 




(Irom Eq. (38.18)). 




_ 1 . 1 
oTT77 




= 2 - (or large n -> / 


JOT' 
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38.80. Each pholco has momentum p = and il the rate at which the photon* strike the surface is (dN/dl), the force 

X 

on the surface is (hlK)idN dt\ ami thepressure is (hf>.)(dN dt) A. The intensityis 
I = ( \dNjdt){E)!A = (dN;dt)(hc/k)/A. arxl comparison of the I»o expressions gives the premie a* U/c). 

38.81. Momentum: p*P = p'r P's p-P = -p'-P > r > p' = P-(p + P") 
enag> : pc + E = p c+ £* = pe + ^(P'c) , *(mc‘)‘ 

=>{pc-pc + Ef = ( P’c > J + = (Pc)‘ *((p*- p)c)‘ - 2P!p + pV + <-»■')' 

(pc - pc) 1 + £“ = £' + (pc -f p c) 1 - ^/•c’Kp ♦ p') + 2 £c(p - p) -4fp'c' «• 2 £c(p- p) 

+ 2 (Pc 1 )(p + p') = 0 


= pW - 2pc' - fir) = p(-£c - Pc' ) 


. £c + Pe‘ 

E + Pc 

P P 2 pc‘ + Ec-Pc‘ 

2pc*(E-Pc) 

_i._i! 2 hc:>. + (£-Pc) 

-x\ E ~ Pc U. 

E+rc 

1 \ E + Pc j 1 

_,._WE-Pc)+1hc) 



£ + Pc 


2 £ 2£(2£) £ £ 4Ac£ J 

(bill * = 10.6x10'* m.£-1.00x10“ eV = l.«)xl0'* I 


K r - 


1.60x10-* J 


(9.11X10'" kg) 1 c , (10.6xl0'* m) 
4hc (1.6x10-” I) 


= (1.24x10'" m)(l + 56.0)=7.06x10'" m. 

(f) These photons are gamma rays. We have taken infrared radialion and converted it Into gamma rays! Perhaps 
useful in nuclea medicine, nuclear spectroscxipy. or high energy physics: wherever controlled gamma ray sources 
might be useful 



The wave Nature of Particles 



39.1. IDENTIFY and SET llr: >i = —=—. Fiw an electron, m =9.11x10'” kg . For a prolon. m =1.67x10“® kg. 

p mv 

EXECUTE: (a) A = - 6 — - -= 1.55x10'" m = 0.155 nm 

(9.11x10 kg)(4.70xl0 t m/s) 

(b) >1 i* proportional to -L.so ^, = — j = (1.55x10'“ m) ^-xl0~ : T ^ ! = 8.46xl(T M m . 

39.2. IDEVTIFY and SET tlr: Foe a pbjlon. E = ^. Foe an electron or proton. p = ^ and E = — , so E = h . 

A A 2m 2mx 

.. , % he (4.136x10*“ eV »X3.00x 10* in's) 

EXECUTE: <■)£ = _ =---= 6.2 keV 

A 0.20X10 id 


lb) E = 


h‘ J 6.63x10-* J* 
2mF 0.20x10-* m 


= 6.03x10'" J = 38 eV 


-v/J 9.11x10*" kg 


(c)£,=£ ^ =(38 eV)| y. 


=0.021 eV 


* In, I 1.67x10*" kg) 

EVALUATE: For a given wavelength a photon has much more energy lhan an electron, which in turn has more 
energy thin a proton. 

39.3. <» y = h =>p = h = < 66 3xl0 " J .) =2 37xl(J -» ^ 

p i ( 2 . 80 x 10 *” m) ^ 

<b) K = Z=<HZii£li«J^ = 3.08xl0- ,, J = 19.3€V. 

2m 2(9.1 IX lO*” kg) 


39.4. i=_ = _2_ 

P v'2m£ 

=_ t 6 63 - 10 '* 1 ^ »> _= 702X10-' m. 

^2(6.64x10** kg) (420x10* eV) (1.60x10*“ JeV) 

39.5. lDE.vnr* and SET UP; TV de Broglie wavelength is A = — = —. In the Bohr model, mvr = n(hl 2«), 

p mv 

Ml mv = nfi/(2irr.). Combine these two expressions and obtain an equation for A in terms of n. Then 

I 2nr \ 2xi 


Execute: (a) Foe n = l. X = 2cr, with t, =o c = 0.529x10-’ m. so A = 2t(0.529x 10-’ m) = 3.32xlO*“ m 
A = 2xr,; the de Broglie wavelength equals the circumference of the orbit. 

(b) Bar n = 4. A = 2xrJA. 
r ( = n*a, so r t = 16 a,. 

A = 2*(16a, )/4 = 4(2T(^) = 4(3.32x10-* m) = 1.33x10** m 

A = 2 Xt t /A: the de Broglie wavelength i» i = i times the circumference of the orbit. 

Evaluate: As n increases tlw momentum of the election increases and its de Broglte wavelength decreases. Fix 
any n. the circumference of the orbits equals an integer number of de Broglie w avelengths. 
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39.6. 


39.7. 


39.8. 


39.9. 


39.10. 


(a) Rk anonrelalivistic particle. K=—.vi A = —=-jL _ 

2m p s '2Am 

<b> <6.63-lO'" I■ »>/^2(800eVXl.60x10" J/eVX9.11X10 JI kg) = 4.34x10'" m 

iDEvnrV: A person walking through a (loot It like a particle going through a slit and hence ibould exhibit wave 
properties. 

SET lln Ibe de Broglie wavelength of the perron is A = h/mt. 

Execute: (a) Assume m = 75 kg and v = 1.0 m/s. 

A = Mm- = (6.626 X lCr" J • sVI(75 kgXl.O m/s)l = 8.8 X 10'“ m 
EVALUATE: (b) A typical doorway is about 1 m wide, so the person's de Broglie wavelength is much too small 
to show wave behavior through a “slit" that is about 10* times at wide as the wavelength. Hence ordinary objects 
do not (Aow wave behavior in everyday life. 

Combining Equations 37.38 arxl 37.39 gives p = wa y ;•*-!. 


(a) A =—=(h mc)jjr‘ -1 =4.43x10"“ m. (The inctxiecl noorelativistic calculation gives 5.05x10"" m.) 
<b> (h mc)/^-! =7.07x10'" m. 

lDE.vnr* and SET UP: a photon has zero mass and its energy arxl wavelength are related by Eq.(382). An 
electron has mass. Its energy is related to its momentum by E= p‘t2m arxl its wavelength is related to its 
momentum by Eq.(39.1). 

EXECUTE: (al photon 

he he (6.626X10*" J sX2.998xl0* mTs) 

E- t *oA- t = (20O eVX1.6 02 x 1 O'll 1/eV, =f>20,ml 


electron 

E = p' /(2m) wp=j2mE = % l5c5Tl(»XlO"‘ ! kgX20.0eVX 1.602-10'* J/eV) = 2416x10'“ kg m/s 
A = hip =0274 mo 

<b) photon E = hclA = 7.946x10"* 1 = 496 eV 
electron A = hlp top =h/A = 2.650X10' 1 ' kg m/s 
£ = p*/(2m) = 3.856x10'" J=2.41xlO J eV 

(c) EVALUATE: You should use a probe ol wavelength approximately 250 nra. An electron with A = 250 nm has 
much less energy than a photon with A = 250 nm ro is less likely to damage the molecule. Note that A=h/p 
applies to all particles, those with mass and those with zero mass. E = hf = hc/A applies only to photons and 
E = p‘1 2m applies only to particles with mass. 

lDE.vnrv: Any moving particle has a de Broglie wavelength. Ibe speed of a molecule, and hence its de Broglie 
wavelength, depends on the temperature ol Ibe gas. 

SET Un The average kinetic energy ol the molecule is K„ = 3/2 kT. and the de Broglie wavelength is A = 
h/mv = h/p. 

EXECUTE: (a) Combining K„ = 32 *7" and K = p'flm gives 3/2 kT = p„ J /2m and p„ = JlrnkT . The de Broglie 

... h h 6 . 626 x 10 '" J s , „ , - 

wavelength is A= — = -=-= 1.08x10 m . 

p v'3 mkT ^3(2x1.67x10-*’ kg)(l.38xl0' a J/K>(273 K) 

<b) H»r an electron. A = h/p = Mm gives 


h _ 6.626X1Q-" J s 

mA (9.11x10"“ kg||l.Cexl0"" ml 


= 6.75x10* m/s 


This is about 2% the speed of light, so we do nor need to use relativity. 

(c) For photon: 

£ = he/ A = (6.626 x I0"“j sX3.00x 10* m/s)/(1.08 x 10 - " m)= 1*4 X 10"” J 
For Ibe Hi molecule: A„ = (3/2)*7 = 3/2 (1.38 X lCT" J/K)(273 K) = 5.65 X 10 - *' J 
For the electron: K = 15 ml* = 16 (9. 11 X 10'" kgX6.73 x 10* m/s f = 2.06 X 10' ,T J 

Evaluate: The photon has about 100 times more energy than the electron raid 300.CO0 times more energy than 
the H, molecule. This shows that photons of a given wavelength will have much mote energy than particles of the 
same wavelength. 




1M 
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Thu is the only olber ooe. If we lei then there are no more maxima. 

(c) r- " V -_ (I) a (6.63xl0- M l ») 1 

2 JM* sin*'/ 2(9.1 lx l(T k kg) (2.60xlCT v ra)‘ sin'<60.6") 

= 749xl<r 11 J = 46.8 eV. 

Using this energy, if we lei m - 2 . iben sin 0 >i.Thin, there is no m = 2 maximum in this case. 

39.17. The condition for a maximum is dsin0 = mA . >1 = — = —. so 0 = arc sin j (Careful! Here, m is ibe order of 

p .if v I <2t#r / 

ihe maximum, whereas Af is Ibe incoming particle mass.) 


(a) m = 1 -> 0 = arc sin - 

4WI 


_,_ = 2.07*. 

\ (1.60x10 m) (9.11x10“^ kg) (1.26x10* ms) ) 

_(2X6.63x10^1-1) L . 

1 ‘ (1.60x10 s4 m)(9.11xlO“ , ‘ kx) (1.26x10* m s) ' 


(b) for small angles (in radians?) y - so >*, * (50.0 an) (2.07’) j 


= 1 . 81 cm, 


y 1 * (50.0 cm) (4.14*) [ j = 3.61 cm and y 2 - y, = 361 an-1.81 cm = 1.81 cm. 

39.18. IDEVTIIY: Since we know only thal Ibe mosquito is some where in Ibe room. Ibere is an uncertainly in its 
position. The Heisenberg uncertainty principle tells us thal there is an urcertainly in its mommluin. 

SET Up: The uncertainty principle is AxAp, £ h . 

EXELTTE: (a) You know the mosquito is somewhere in the room, so the maximum uncertainty in its horizontal 
position is Ax = 5.0m. 

<b> The uncertainty principle gives AxAp 4 £ t \, and Ap, = mAv z since we know the mosquito's mass. This gives 
AxinAv, £ h . which we can solve for Av x to gel the minimum uncertainty in v, 

h 1.055X10“" J-i , 

Av =-=-,- =1.4x10 m/s 

mA* (1.5x10 kgX5.0m) 

which is hardly a serious impediment! 

EVALUATE: For something as “large" as a mosquito, the uncertainty principle places a negligible limitation on 
our ability to measure Us speed. 

39.19. (a) Identify aol Set Up: Use AxAp, £ hi In to calculate Ax and obtain Av 2 from this. 

Execute: h = 6626x l(r>4j ,=1.055x10"" kg-m/s 

x 2f&x 2T(l.lX)xl0 m) 

= ^ = 1 055xl0"kg ^s =879xl() ^ ^ 

* m 1200kg 

(b) Evaluate: Even for this very small Ax ibe minimum Av, required by the Heisenberg uncertainty principle 
is very small. The uncertainly principle docs not impose any practical limit on the simultaneous measurements of 
the positions and velocities of ordinary objects. 

39.20. iDEVnrY: Since we know that the marble is somewhere on the table, there is an uncertainty in its position. The 
Heisenberg uncertainty principle tells us that there is therefore an uncertainly in its momentum. 

SET Up: The uncertainly principle is A xAp M £ h . 

EXECVTE: (a) Since ibe mirble is somewhere on the table, the maximum uncertainty in its horizontal position is 
Ax = 1.75 m. 

<b) following the same procedure as in part (b) of problem 39.18. the minimum uncertainty in the hcrizontal 
velocity of the marble is 

ft 1.055xlO‘ M J » 


* l ‘^ = 7a 


= 6.03x10 m'» 


(c) The uncertainly principle telU tu (hoi we cannot know that Ihe marble’* hojuootal velocity U exactly' zero. *o 
Ihe imaUeit we couhl meaiure il to be it 6.03 X 10"” ml». from part (b). The lonrert time it could remain on the 
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39.21. 

39.22. 

39.23. 

39.24. 


39.25. 

39.26. 

39.27. 


39.28. 


table is the lime to travel the full width of the table (1.75 m). s*> t = x/V, = (1.75 my(6.03 X 10“” m/s) = 2.90 X 10“ 
s = 9.20 X 10 14 years 

Since the universe is about 14 X 10 v yean old. this lime is about 

9.0x10* >T bror< the age of ihe universe! Don’t boM your breath! 

14x10* >t ^ 

EVALUATE: For household objects, the uncertainly principle places a negligible limitation on our abibly to 
measure their speed. 

Heisenberg's Uncertainty Principles tells us that ^ — We can treat the standard deviation as a direct 

measure of uncertainty. Here A*An = (1.2xl0“ u m)(30x10“" kg m.’s) = 3.6x10“” J shut — = 1.05x10“* J •* 

2t 

Therefore A xAp. < — so the claim is noi valid . 

2t 

(a) (Ax) (wiAv,)^ A,2.t. and setting Av, =(0.010)v 4 and the product of the uncertainties equal to hflz (foe the 
minumim uncertainty) gives v M = /i/(2.twi(0.010)Ax) = 57.9 m/s. 

(b> Repeating with the protco mass gives 31.6 mm/s. 


HE >-h-= (&63xl0 ~“ {•«> = 203X10-“ J = 1.27x10-** eV. 
2.cAl 2r(52xl0"’ *) 


iDEvnrv anil SET Ur; TV Heisenberg Uncertainly Principle say* AiAp, 2 —. The minimum allowed 
AxAp.i% hlllt. Ap. =mAv.. 


k h 4 ^ _ _ . .a 

EXECUTE: (■) mAiAv =—. Av,=-=-----= 3.2xlCr tn'» 

2? 2-TmA.t 2?(1.67x10"' kg)(2.0xl0" u m) 


lb) A> = 


5.63xlO"’*Ji 


6.63x10'’* J-s 

<IiP r 

= 4.6x10"* in 


2fmAv 2 *(9.11x10"" kgXO.250 ns's) 

AEAl = ±. A£ = — = <663Xl0 '", l | ' ,) = 1.39X10-" 1 = 8.69x10* eV = 0.0869 MeV. 
2r 2eAr 2.1(76x10'" a) 


A£ _ 0.0869 MeV/c 1 
~E 3097 MeV 


= 2 . 81 x 10 '’. 


A£Ar = _. A£ = A**’. Am = 2.06x10* eV/c’ = 3.30x10"'° J/e*. 

h 6.63x10*" J * _ 

Al =- r =--— = 3.20x10 5. 

2cAmc‘ 2s(3.30xl0" J) 

IDEVIWV and SET Ur: For a pbalon E=^- = For an etectroo E = = _L- 

* A X ‘ 2m 2m\ A > 2mA 

Execute: (■)photon £.= 199,10 ' 1 m =1.99x10-*’ I 
- 10.0X10-* m 

eta*. E, =_<^ <lor>,, -») 1 . =2.41xKr u 1 

- 2(9.11xl0' , ‘ kgXlO.OxlO"* m) 1 

5j=»^> l °-; | J =826X10’ 

E. 2.41x10"" J 

(b) The electron hai much leu energy so woukl be leas damaging. 

EVALUATE: lor a particle with mass, such as an electron. E - A" 1 . Foe a mastless photon E - /T 1 . 

(a) <V = K = £l = l*i^.. soV =15-—11 = 419 V. 

lm 2 m 2 me 

9 11x10"” kit 

(b) The voltage is reduced by the ratio of the particle masses. (419 V)-—- _, T = 0.229 V. 

1.67 x 10 kg 

Identify and SET Up: ^(x) = Asinkx. The position probability density is given by \y(x)f = A 2 im 2 kx. 
EXECUTE: (a) The probability is highest where sin kx = 1 so kx = 2 Xx/A =nX/2, n = 1 . 3. 5. . 
x = nl/4. n = L 3 T 5,... sox = i/4, 3,4/4, 5A/4, 


39.29. 
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39.30. 

39.31. 


39.32. 


39.53. 

3934. 

39.35. 


(b) The probability of finding ibc particle is zero where = 0 . which occurs where unh - 0 and 
^ = 2rrx/>l = /LT. /i=0. 1. 2,... 
x = iU/2. n = 0. 1 2. .. so* = 0. >1/2. 2. 3>t/2. 

EVALUATE: The situabo© is analogous to a standing wave, with the prubabdrty analogous to the square of the 
amplitude of the standing wave. 

cbuuf, so fPl* = = y/s*sin 2 ruf = ^| 2 sin 2 <ot. |4'f is nut time-independent. so ¥ it not the 

wavefuncboo foe a stationary state. 

iDEVnrY: To describe a real situation, a wave function must be normalizable. 

SET Up: I yf dV is the probability that the particle is fourxl m volume dV. Since the particle must be somewhere, 
y must have the property that/lyf dV = 1 when the integral is taken over all space. 

Execute: (a) In one dimension, as we have here, the integral discussed above is of the form | I y{x) f dx = l. 
(b) Using the result from part (a), we have J _~{e° fdx = J ^e lu dx = i— = ». Hence this wave function cannot 


be normalized and therefore cannot fce a valid wave 
(c) We only need to integrate thb wave function of 0 to " because it is zero for x < 0. For oormabzabon we have 








= —. winch give* — = 1, no A = J2b. 
2b * 2b 


EVALUATE: If b were positive, die given wave Auction coukl do* he nocmalued. mi il would no! be allowable, 
(a) The uncertainly in die particle portion i* proportional lo Ibe widlh of v(»). anl il inversely proportional lo 

<ja. This can he wen by eiltxr ptoUing the function for dillerenl values of a. finding Ibe expectation 
value \>') = j <i‘x‘di lot Ibe nonruli«d wave function ox by finding Ibe full width at half-maximum. The 
particle’v uncertainly in poiition decrease* wilh increasing a. The dependence of Ibe expectation value <x*) on a 
may be found by considering 


dx 


•*‘)==z 


i a 


t^-’dx 


2 da i 

r ~ 

where the subsbtubon u = si ax has been made. 
b> Since 


= -I_!_ta e-'dc 

2 da JlaL 


(b) Since the uncertainty in posibo© decreases, the uncertainty in momentum must increase. 

-i *-y \ 


/’(x.y)= 


=//’= ilZ|. £12 I=l 


x + iv x — iv 


x+Vj \x-ry 

The tame, (.(x.y.z)f = v'(x.y.rM».y.f) 

|pfx.V.ty*|‘ = (p‘<x. y. < -)e-')(o («. y. z*'*) =v(x.y. zMx. y. z). 

The coirple* conjugate means convert all r’s to-f s and vice-versa, e* -r"* =L 
KDEKimr: To describe a real situation, a wave functio© must be normalizable. 

SET Up: I yf dv is the probability that the particle ts fouol in volume dV. Since the particle must be somewhere. 
pmusl have the property that /l y I 2 dV= 1 when the integral is taken over all space. 

Execute: (a) For normalization of the onc-diroe©sio©al wave funeboo, we have 
Izzjj^fdx = j Ae* )\ii +1 “( Ae~* )\fr = j A l c**dx + J “ A l e~^dx . 



1 -JA. 

e 

• 

2b 

- -26 

> 


= which gives A = *Jb — V2.00 m" 1 = 1.41 m 


Afl 


(b) The graph of the wavefunebon versus x is given in Figure 39.35. 

(c) (i) P= |dx = 2J } A 2 e~^*dx . where we have used the fact that the wave funebu© is an even 
function of x. Evaluating the integral gives 


-A 2 
b 


2.00 


There is a little more than an probability that the particle will be found within 50 cm of the origin. 
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39.41. 


39.42. 


39.43. 


39.«M. 


iDEVnr*: Hie electrons behave like waves and produce a (Jouble-slil interference pattern alter pasting through 
the tills. 

SET lip; The first angle at which destructive interfere ore occurs is given by d sin 0= AH. Hie de Broglie 
wavelength of each of the electron* is 2 = h/mv. 

EXECTTE: (a) Pint find the wavelength of the electron!. For the first dak hinge, we have d sin 0= 2/2. which gives 
(125 nmXsin 18.0’) = ATI. and A = 0.7725 run. Now tolve the de Broglie wavelength equation lor the speed ul the 
electron; 


A _ 6.626x10““ J-s 

mA~ (9.11X10'" kg1(0.7725x10^ m) 


= 9.42 X 10 5 nVs 


which is about 0.3^ the speed ol light, to they are mmrelalivutic. 

(b) Energy conservation gives eV = W mv J anil 

l' = m\‘rit = (9.11 X 10“°* kgX9.42 x 10 1 m)'/I2(l .60 x 10“*’ C)] = 252 V 
EVAIAATE; The hole mutt be rmxh smaller than the wavelength of visible hght fee the electron* to i*ow dillractioo. 
iDEVnry; The alpha partscles aid protons behave as waves and exhibit circular-aperture diffraction alter passing 
through the bole. 

SET lip; For a round bole, the first dark ring occurs at the angle 0fot which sin0= 1.222/D. where D is the 
diameter of the bole. The de Broglie wavelength for a particle iiA = h/p = h/mv. 

EXECVTE: Taking the ratio of the sines for the alpha particle and peolon gives 

sin0. _l.22A._A. 

122A, T f 


The de Broglie wavelength gives A, = h/p. and 2„ = h/p„ so = — Pm = — . Using K = p‘f2jn. we have 

P. 

p = .'im/C . Sirxe the alpha particle has twice the charge of the proton and both are accelerated through the same 
potential difference. K a = 2 K,. Therefore p, = v '2 m,K, and p. = JlmJZ. = j2m.(2K,) = . 

Substituting these quantities into the ratio of the sines gives 

-P, _ 


Solving for an 0, gives sin0_ = 


UD0 



1.67X10“^ kg 
2(6.64X10“'’ kg) 


UnlS.O' and 0.= 5-3". 


fcVXIX ATE: Since sin 0is inversely proportional to the mast of the particle, the larger-mass alpha particles form 
their first dark ring at a smaller angle than the ring for the lighter protons. 

IDEVnry; Both the electrons and photons behave like waves and exhibit smgle-sfat dillraction after passing 
through their respective slits. 

SET Up; The energy of the photon is E = he! A and the de Broglie wavelength of the electron is A- h/mv - h/p. 
Destructive interference for a single slit first occurs when a sin 0 =2. 

EXEtTTE: (a) For the photon: 2 = hc/E and a sin0 = 2. Since the a and 0are the same for the photons and 
electrons, they must both have the same wavelength. Equating these two expressions for 2 gives a sm 0= hc/E. 

For the electron. 2 = h/p = _ Ji _and a sin 0= 2. Equating these two expressions for 2 gives a sin 0= -J' _ 

v '2mAT s'2mA' 


Equating the two exptessiens for os in 0 gives hc/E 
cJ 2 mK 


. which gives E = c<j2mK = (4.05x10*’ 


v2mA' 

■N- . Sii*e v « c. me* > A', so the square root is >1. Therefore UK > l. meaning thil the 


,b,_= 

photon has more energy than the electron. 

Evaluate: As we have seen in Problem 39.10. when a photon mil a particle have the 
is more energy than the particle. 


wavelength, the 


According to Eq.(35.4) A = 


isin« (40.0x10'' m(sin(0.0300 rad) 


= 600 nm The velocity ol an electron with 


this wavelength is given by Eq.(39.1) 


= '=^- = (6.63X10-J.S) =121xl0 . m ,, 

m rr». (9.11x10“” kgX600xl<r m) 




The Wave Nabar d Particl 


39-9 


Since thu velocity is much unaller than c -e can calculate the energy of the electron clinically 

K = * mv 1 = ^(9.11x10“" kgK1.21xlO’n;*) J =6.70x10'“ J = 4.19p*V. 

39.45. The de Broglie wavelength of the blood cell u 

* = ± =_ < | ^ IO *’-‘) ■ = 1 . 66 xl 0 ~"m. 

mv (1.00x10 kgK4.00xl0 m.») 


Wc need not be concerned about wave behavior. 


* I—- 

39.46. <a)2=* = 


v 1 


=»4 , «V = ft J ! i-'-r =h‘-lZ- ^A , mV+h‘!L=h 1 

p mv \ c ) c c 


" h‘v‘ 
■ 

e* 


v* 


h 


(b> v = 


1 + 


(h me) 


r ^“ c i , 4 ¥ =,, - AV - A== ^ 


(c) ^ = 1 . 00 xl 0 * u m«—. 


^ _ (9.1 lx IQ-* 1 kg) 1 (3.COxl0*nn) , (1.00xl0~ a m)‘ ciw|rr , 
2(6.63x10““ J-,)‘ 

=> v = (1 -A )c = (1 -8.50X 10 - * V. 

39.47. (a) Recall A= — = -Jl— = __!l-So for an electron: 

P v'2m£ 'inufAV 


A = 


6.63x10““ I t 


X =1.10X10“" m. 


^2(9.11x10 1 kgX 1.60x10*" C)(125 V) 

6.63X10““ l a 


lb) Par an alpha particle: < =-= 9.10x10“ 

o2(6.64xl0“ r kg)2( 1.60x10“" 0(125 V) 


39.48. IDENTIFY and SET Un *n>c minimum uncertainly product ix AxAp t = —. Ax = r x . when: r t is Ibe radius of the 


= 1 Bohr orbit. In the n = 1 Bohr orbit, mvfi = —and p x = wv, =-. 

2 x 2 xr. 


rSECVn = 2^Tl k = 2 B 6 .0 6 .Sx 1^ m) =20Xl °" 


the momentum of the electron in the n = 1 Bohr orbit. 

Evaluate: Since the momentum ix the same order of magnitude ax the uncertainty in the momentum, the 
uncertainly principle play* a Urge role in the xtiucture of atoms. 

he 


s !fC(K + 2 jnc V 


39.49. IDENTIFY and SET Un Combining the two equations m the hint gives PC=^K(K* 2me 1 ) aoJ A = 

Execute: (a) With AT = 3mc* this becomes A = —-—-= —-—. 

^\Smc i (hnc* + 2mc 1 ) vl5mc 

<b) (i) K = 3«c 1 = 3(9.109x10““ kg)<2.998 x 10* m/%) 1 = 2.456x1O’ 13 J = 1.53 MeV 
i * 6 . 626 x 10 “* J x _ , » 

V15mc N 05 (9.109x10““ kg)(2.998xl0‘ m/s) 

(ii) A' ix proportional to m. so lor a proton K = (m^/ncXl-53 MeV) = 1836(1.53 MeV) =2810 MeV 
A is projxirtKxxi] to 1/m. xo for a proluo ^ = (0i 4 /m # X6.26xlO- u m) =(1/1836X6.626xlO^ m) = 3.41XlO" M m 

Evaluate: The proton hax a larger rest mass energy so its kinetic energy ix larger when K = 3BIC 1 . The proton 
also has larger momentum so has a smaller A. 
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39.50. 


39.51. 


39.52. 


39.53. 


39.54. 


39.55. 


( 6 . 626 X 10 ^)^, x|( ^ 

2.t(5.0x 10" 45 m) ^ 

(b> A' = N ‘(/v) 2 +(mc 1 ) 2 -we 1 = 1.3x10"“ J =0.82 MeV. 

(c) The result of part (b\ about l McV = lx 10* cV . is many orders of magnitude larger than the potential energy 
of an electron in a h>\irogen atom. 

(a) Identify a&J Set Up: &xAp M Zh/2x 
Lsumale Aa as Aa * 5.0* 10“ 15 in. 


Kxecxte: Then tlx mmimum allowed A p is Ap, «■ 


6 . 626 x 10 “* J v 


= 2 . 1 x 10 "* kg m<x 


2^1i 2*(5.0xl0"” m) 

(b) IDENTIFY and SET Up: Amuik p « 2.1x10"" kg m's. Use Eq.(37.39) to calculate E. and then A' = E-me*. 
tXKXTE: E = y j(mc > ) , +(pc)* 

mc‘ =(9.109x10-" kgM2.998xl0* m/*)‘ = 8.187x10-“ I 
pc = <2.1x10'* kg • m/s)(2.998x 10* m/s) = 6.296x10"'' J 
f = ,/(8.187x10*“ J)‘*(6.296x10"" J) 1 = 6.297x10'" J 

A' = E-mc‘ =6297x10-“ J-S.^xlO* 4 * J = 6215x10'" J(1 eWl.fiCOxIO - " J) = 39 MeV 

(c) iDEVnrv mil SET Up: Hie Coulomb potential energy lor a pair of point charge* is given by Eq.(23.9). The 

protein has charge *c and the electron has charge -e. 

„ *<•' (8988x10* N-m 1 /C 1 X1.602xl0'” C) ! .... 

EXECUTE: V = - -=-- — -=-4.6x10 “ J=-0.29 MeV 

r 5 0x10-- m 

Evaluate: The kinetic energy ol the electron required by the uncertainty principle would be much beget than 
the magnitude ol the negative Coulomb potential energy. The total energy of the electron would be large and 
positive and the electron could not be bound within the nucleus. 

(a) Take the direction of the electron beam to be the i-direction and the direction ol motion perpendicular to the 

.. . . &P, h 6.626XKT* 4 J-s „„ , 

beam to be lb: v-direcuon. Av =-=-=---.-= 0.23 m/s 

' m 2xmAy 2s(9.11Xl0' M kgMO.SOxlO* 1 m) 

|b) The uncertainty Ar in the position ol the point w here the electron! strike the screen is 

* * =9-56x10'" m. 


Ar = Av J =—l—=--- 

m v M 2onAy y]2K;m 


(c) Thu is fax tix» 


lo affect the clanly of the picture. 


Identify and SET Up: A£A/ £ —. Take the minimum uncertainty product. \o AE = j—. with 
Af = 84xlO' n s. m = 264m.. Am = ^£. 

EXECUTE: A£ = 663Xl<, ' M | , | - =^26x10"“ J. A-n -’ , = l .4x.Q-*kg. 

2*<8.4xl0 ») (3.00x10* m/s) 1 

— = MXI °*JS1 =5.8x10* 

m (2641(9.11X10^ kg) 

lDE.vnrV: The iniect behaves like a wave as it passes through the bole in the screeo. 

SET Up: (a) For was* behavior lo show up. the w avelength ol the insect must be ol the ceder of the diameter of 
the hole. The de Broglie wavelength is A = h/mv. 

EXECUTE: The de Broglie wavelength of the insect must be of the order of the diameter of the hole in the screen, 
so X 5.00 mm. The de Broglie wavelength gives 


h 


6.626X10'" J-s 


mX (1.25x10-* kg)(0.(0400 ml 


= 1.33 X 10 - " m's 


(b) l = x/v = (0.000500 mV(1.33 x 10'“ ns's) = 3.77 X 10“ s = 1.4 X 10" yr 

The universe is about 14 billion years old (1.4 X 10" yi). so this time would be about 85.000 times the age ol the 
universe. 

Evaluate: Don't expect to see a drllractmg Insect! Wave behavior ol particles occurs only at the very small scale. 
IDENTITY and SET Up: Use Eq.(39.1) to relate your wavelength and speed. 

Execute: (a) X = so v = A- = 6626,10 * 3 * =1.1x10-** m/s 
mv mX (60.0 kgX 1.0 m) 
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39.56. 


39.57. 


39.58. 


39.59. 


39.60. 


39.61. 




= 7.3x10* 41 y/3.156xl0 T 20=23x10* v 


lb) t = 


velocity l.lxlO~m/s 

Since you walk through doorways much more quickly than this. >ou will not experience diffraction effects. 
EVALUATE: A 1 kg object moving at 1 in's has a de Broglie wavelength ^ = 6.6 X 10“* m. which is exceedingly 
small. An object hke you has a very, very small A at ordinary speeds and does not exhibit wavelike properties, 
(a) £ = 2.58 cV = 4.13xlO“ M J. with a wavelength of A = ^ = 4.82x10“’ m = 482 nxn 

(b> AC = — - l663<10 V° =643x10-" J=4.02xlQ- , eV. 

2 ;Al 2r(1.64xl<r») 

(c) AE = hc. to (AA )£ * AAE = 0. and AC/C] = |AA/A|. so 
AA=A(A£/£ =(4.82x10-’m)| 6 • 43;<lo; ’ , 


I.13xl0‘" J 


= 750-10’“ in = 7.50x10’’ nm. 


iDEVnrY: Ibe electrons behave as waves whose wavelength is equal to the de Broglie wavelength. 
SET UP: The de Broglie wavelength is A = h/mv, aixl the energy or a photon isE = hf= hc/A. 
EXELTTE: (a) Use the de Broglie wavelength to find the speed of the electron 

h 6 . 626 x 10 “* Js 


mA (9.11x10“** kg)(1.03x10** m 


= 121 X 10 ’ m/s 


which is Raich less than the speed of lighL so it b oonreiativistic. 

(b>Energy conservation gives cV=Vi nv. 

V - mv 2 n* = (9.11 X 10"* kgX7 27 x 10 5 m/s) 2 /12(1.60 X 10"” Q) = 1.51 V 
(c) A' = r\' = e<1.51 V) = 1.51 eV. which is about V4 the potential energy of the NaCl crystal, so the electron would 


tin-' . 


(d> £ = hc/A - (4.136 X 10“” eV sX3.00 X 10* xn/s)/(1.00 x 10^ m) = 1240 eV 
which would certainly destroy the molecules under study. 

EVALUATE: As we have seen in Problems 39.10 and 39.43. wben a particle and a pholin have the 
wavelength, the photon has much more energy. 

Un If = ^-Un 0. and A' = (h/'p~) = (h \!2mE t 1. and ■o'/: aicain ^ 

(6.63xlO' M J -s)ua 35.8” 

,(3.00x10-" kgM450xlO* , X1.60xlO'" i eV) j 

(a) Ibe maxima occur wbea 2daaO=mX a>de vented in Section 38.7. 

»>!«*=* A =_< 6 - 63 * IO ' Mj - ! ‘>_= 1.46xl0-“m = 0.146nm. 

P v‘2 mE J2<9.ilxl0“ ,? kg)(71.0 eV)(l .60x10“” 1/eV) 

0 = sin" 1 ; — ! (Note: This mi%\be order of the maximum, not the mass.) 


= Mcain 


= 20.9* 


=> ^;,lX1.46xl0^m). aS3J . 

I 2(9.10x10“" m) ) 

(c) The work function of the metal acts like an attractive potential increasing the kinetic energy of incoming 
electrons by e0. An increase m kinetic energy is an increase in momentum that leads to a smaller wavelength. A 
smaller wavelength gives a smaller angle 0 (see part (b)k 

(a) Using the given approximation, £=i((A x) 2 /m + kx*), (dE/dx) = kx- (A 2 ,'W*) and the minimum energy 
occurs wben kx = (h 1 /mx > ), or x 2 = -iL-. minimum energy is then hyjk/m. 


(b) They are the 

(a) IDENTIFY anJ SET UP: U - A|x| Eq.(7.17) relates force aixl potential. The slope of the function A |r| is not 
continuwis at x = 0 so we must consider the regions x > 0 arxl x < 0 separately. 

Execute: Foe x>0, \x\ = x %o U = Ax aixl F = -^-^- = -A. For x<0. |i| = -X so U =-Ax and 

F = ^ = +A. We can wnle this result as f =-A|r|/x. valid fw all x except for x = 0. 
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39.62. 


39.63. 


39.61. 


(b) IDEYTIFY anil SET Up: Use the uncertainly principle, expressed as ApAx » h . and as in Problem 3930 
estimate A p by p and Ax by x. Use this U> write the energy £ of the particle as a function of x. Find the value of x 
ih^i gives the minim um E and then find the minimum E. 

Executb: E = K+U = L-+A\>\ 
pt*h. to p-h/x 
h‘ 


Then £ « 

For *>0 ,E = 


——f + A\xy 
h* 


X\ 


lr\’ 


|Uj 

To find the value of x that gives mimnxim £ set — = 0. 


0 = l“L + A 

2mx 




x = 


X = 


Tu‘\ 


With this x the minimum £ is 

.2 - .. in 


—. A — = X -h ll 'm- u, A‘ 1 ' *h“'m~ ,n A“' 

Ip, 1 V mA 2 






EVALUATE: The potential well is shaped like a V. The larger A is the steeper the slope of V and the smaller the 
region to whkh the particle is confined and the greater is its energy. Note that foe the x that minimizes E1K= U 
For this wave lunctxin. 'F* = y,V + o so 

V' = W = (y/* +y^X*V^ + V^ y ) = VW + V*> 2 + ^V/‘ 

The frequencies «•,, and n 2 are given as not being the same, so is not time-indepenA:nt. and Hf is not the 
wave function foe a stationajy stale. 

The time-dependent equation, with the separated feem for 'Y(x.l) as given becomes 


iW-iti) = 


n 1 d\ 

Imd? 




Since y is a solulloo of the time-milepenilenl solution with eneigy E. the term in psientbesis is and to 

mA = E. and <o =(£/*> 


la) iu = 2 .T/ = 


2xE E 2c 2 t p p 2 (A*) 1 At* 


= 1. * = 

h f: A h h 


= e = k = — = 


~sCJ = 




(b> From Problem 39.63 the lime-dependent Schrddmger’s equation is - - ^ 

2 m ox 

f/(«)y <«. r) = </<»> = 0 foe a free psrticle. so . 

dr dx A dr 

Try y(«. /> - coofti - mt): 

do 

—(x. t) = Ato sin(*x - cA) 


- -AX im(kx-icit) and = At ! ctnffa -<u»). 
dx dx 

Putting this into the Schrodmger’s equation. Ak 1 cov(kx -<uf) = -j \ An sin<fcx -ml). 
This is not generally true fee all x and t so is not a solulicei. 
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39.65. 


39.66. 


39.67. 


(c) Try v(x. t ) = A sin(£i - cof ): 




= -Afj cc mkx - (rit) 


= Ak cat (to-of) aoJ ^ '/**** = -Afc 1 s infix - <u#). 


r so u zitX a jvl jbua. 


Again. -Ak 1 sin(ix - rnf) = -m Ai t cos(kx - tot) is not generally live for all x aol 
(d ) Try v(x. t) = A cos (kx-tot) + sin(kx - rof): 

^ ^ ^ = +A f,J - <«0 “ cos<kx - to!) 

^^^ = -AktWkx-ui)+BkCO*(/u-a>t) aixl ^ ^ = -Afc* iim(kx-tof). 

dx dx 

Putting this into the Schrihlmger’s equation. 

-Ak 1 coi(kx - oM) - Bk 1 sin {kx - tuf) = -—(+A< , s m(kx - tot) - Bi t COMx - tot)). 


kk 2 

Recall that to = . Collect sin anil cos terms. 

(A + iB)k 2 co*kx-<*) +(A-Bik 1 sin (kx- trjt) = 0. This is only true if B = iA. 

(a) Identify aixl srr UP: Let the y-direebuu be from the thrower to the catcher, and let the x-direction be 
horizontal anil perpendicular to the y-direebun. A cube with volume V = 125 cm* = 0.125x10“* m* has side length 
l = V vi =(0.125x10“* m , ) u, =0.050ni Thus estimate Ax as Ax « 0.050 m. Use the uncertainty principle to 
estimate An 


EXECUTE: AxAp. Zh/2x then gives An «« 


10663J a 


= 0.21 kg xn/s 


2aAx 2*(0.050 m) 

(The value of h m thrs other universe has been used.) 

(b) Identify and SET Up: Ax = (Av # )# is the uncertainly in the x-coordinate of the ball when it reaches tbc 
catcher, where t is the time it lakes the ball to reach the second student. Obtain Av^ from A p t . 

An, 0.21 kg ’m/s 

Execute: The uncertainly in the ball’s horizontal velocity is Av =-=-= 0.84 m/s 

7 ' m 0.25 kg 

The time it takes the ball to travel to the second student is r = ■ ^ m = 20 s. The uncertainty in the x-coordmatc 

6.0 m/s 

of the ball wbn it reaches the second student that is introduced by Av t is Ax = (Av 4 )f = (0.84 ntfsX20 s) = 1.7 m. 
The ball could miss the second student by about 1.7 m. 

Evaluate: A game of catch would be very different m this universe. We don’t notice the effects of the 
uncertainty principle in everyday life because h is so small. 

(a) [y^AVe^^^’.To save some algebra, let * = x*, so that |p| 1 «iir**/(y.rt. 

A|of = (l- 2 rm)|v'| 3 ; the maximum occurs * = _L. x c = ±-^— 

(b) yv vanishes at x = 0. so tV ptobabdrty of finding the particle in tbc x = 0 plane is zero. The wave function 
vanishes for x = zb». 

(a) IDENTIFY aol Set UP: The prubabdity is P= dV with dV = 4 xr 2 dr 
Execute: \yf = AV 2 *** so P = AxA l f*c^dr 

dP 

(b) IDEVFTFY aid SET UP: P is maximum w Vre — = 0 


Execute: —(rV“* n “)=0 
dr 

2 re-‘“‘ -Aar'e-^' = 0 aal thii reduce* to 2 r-Aar' =0 

r = 0 is a solution ol the equation bul coneipooJi to a minimum not a maximum. Seek r oof equal (uOto divide by 
ranlge* 2-4ar 1 =0 
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39.68. 


39.69. 


39.70. 


This gives r = -j— (We took the positive square root siixe r must be positive.) 

EVALUATE: This is different from the value of r. r = 0. where |p] 2 is a maximum. At r = 0. \yf has a 
maximum but the volume element dV = 4 xr 2 dr is zero here so P does not haw a maximum at r = 0. 
(■)B<*) = *- V B<0) = fl„=l 

^) = i = r^=>ln(i/2) = -^ 2)=«*. 

(b) Using integral tables: o*(x) = coskuifc - ^-(e"* 1 ' 4 ** X S*(*) is a maximum when x = 0. 

(c) ^(x k )= vvbra e"*' 4 '* = 1 z> = In(1/2) ^ 2a*j\n2 = a± 

l d lw =te^=*|±VE5|(2.JBI)=± 0 l.2)=“ ,! 


(a) v<j)= I B<*)«x>* 


Z-7 u 


=[*• - 

Jo 


Zs .T 


nil k\ 


V 


_ “°V 


lb) »«(«) hai a maximum value al the ceigin x = 0 . vvfj.) = 0 when = z*o x c = —.Thua the width of thu 

*o 

(unction w, = 2x„ = —. If *, = —. w,=L B(k) veivui * i> graphed in Hguxc 39.69a. The graph of v(x) ventu 
*c L 

x i* in Figure 39.69b. 

(f)U = 2 L 


(d> wav, =: ^ = k . The uncertainty principle slates that n - w, 2 —. lor us. no mailer what 

v 2 .t *, A;. It 


fc, is. H H, = A. which is greater lhan —. 


m 




u: 


1 /l Ivl 111 

(a) for a standing wave. nA = 2L, and E m = — = —-= j—, 

(b> With L = a = 0.5292X KT* 0 m. £ = 2.15 X 10“* 7 J = 134 eV. 
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59.71. Tine of fligbt of the marbfc. from a free-fall kinematic exjuatiuo is Jua / = = 226 *' 

Ax,=Ax 1+ <Av,W=Ax, + *£±\t = -g-- +Ax, 


to minimize Ax ( with letpect to Ax,. ^ = 0 =-——. + 1 

' ' «f(Ai) 2rm(Ax) 


> Ai (min) = 


: Ax,(min) = 



2Jt }K 6.63XKT* 4 J iX2.26s) 


Z.Tm \ 2.an \ 


t( 0.0200 ke) 


= 2 . 18 x 10 '“ m = 2 . 18 xi 0 ' ? 




Quantum Mechanics 



40. 1. IDENTIFY and SET Up: The energy level* foe * particle in a box arc given by £ - 


Ml 


Execute: (*) The lowest level is for n=l, and £ x = M 6 6 ~ 6 * 10 —LilLzr Uxl O' 47 J. 

8(0.20 kgX 1.5 m) 

(b> £ = i«v* to v = J— = I 20 ' 2 ! 1 ? —— = 1 . 1 X 10 ““ m/s. If the ball has this speed the time it woukl take it 
2 } m 0.20 kg 

to travel from one aide of the table to the other is t =-——-= 1.4x10** s. 


W.2. L = 


(c) £i=_p.. £ 2 =4£^. so A£ = £ 2 -^ = = 3(1.2X10" 47 J) = 3.6x1 O' 47 J 

(d) Evaluate: No. quantum iKchamcxl effects arc not important foe the game of billiards. The discrete, 
quantized nature of the energy levels is cuinplelclv unobservable. 

h 


M. 


( 6 . 626 x 10 '“ I *) 


L = -= 6.4X10 - m 

v '8(1.673xl0' i ’ lg)(5.0xl0‘ eV)(1.602xl<T“ J.eV) 

*0.3. lDE.vnr*: An electron in Ibe lowest energy stale in this box raul have the ante energy as il would in the ground 
stale o! hydrogen. 

SET UP: The energy ol Ibe n“ level ol an electron in a box is E, = 

Execute: An electron in the ground slate ol hydrogen has an energy o# -13.6 eV. so lind the width 
corresponding lo an energy ol £, = 13.6 eV. Solving Ice L gives 

L = J^= _ (6 - 6?6>1 °~" ,t> _= 1.66X10'** m. 

JlmE, n iS(9.11x 10“* 1 kgX 13.6 eV)( 1.602 Xl0“ u J.eV) 

Evaluate: This width is of the same onfcx of magnitude as the diameter of a Bohr atom with the electron in the 
K shell. 

40.4. (a) The energy of the given photon is 

C = h/=Al = (6.63xlQ-“j s) 13 00X10 . " >, ' > = 1.63xl0- M J. 

A (122x10-'m) 

The eoergy levels of a partxTe a a box are given by Eq.40.9 

A E = JL(n‘- ni y L= ,l*V-"»>= | (6.63X10-“ J-,)^^ = 3 3 3x|0 .,. m 
tod? \j toiAE \ 8(9.11x10-" kgX1.63xl0-" 1) 

(b> The ground slate energy lor an electron in a box ol the calculated dimensions is 

E = -A_ =- (6 '/ :- r = 5.43x10"” J = 3.40 eV(ooe-lhird ol the original phohio energy). 

SmF 8(9.11x10 kg)(3.33xl0 “ m)‘ ^ 

which does not correspond to the -13.6 eV ground stale energy ol the hydrogen atom. Note thx the energy levels la 
a particle in a box are proportional hi n ! . whereas the energy levels lor Ibe hydrogen atom are proportional to —4. 


40-1 
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40.5. IDENTIFY and SET Up: Eq.(40.9) gives the energy lewis. Use this to obtain an expression tor E l -E x and use the 
value given for this energy different U> solve tor L 

h l Ah 2 

EXECUTE: Ground state energy is £, = -—first excited slate energy is E l =- r The energy separation 


3A a f 3 

between these two levels is A E = E 1 -E t = —■ Ibis gives L = A 1 = 


L = 6.626x10 J-s |- n ---= 6.1XlCT lt m = 0.61 nm 

Y8(9.109XlO” 31 kgX3.0 eVX 1.602x1CT* J/l eV) 

EVALUATE: This energy dillerence is typical toe an atom and Lis comparable to tb: size of an atom. 

40.6. (a) The wave Auction for n = 1 vanishes only at x = 0 and x = L in the range 0 £ x £ L. 

(b) In the range for x, the sine term is a maximum only at the middle of the box. x = L/2. 

(c) The answers to parts (a) and (b) are ccosistent with the figure. 

40.7. Identify and Set Up: For the n = 2 first excited slate the normalized wave function is given by Eq.(40.13). 

y 2 (x) = f£sin ( dx - ^sin 2 j dx. Examine |p r 2 (x)| i dx and find where it is zero and where it is 


2jTa 


Execute: (a) f dx = 0 implies sinj —- | = 0 
dLL = mX, m =0. 1,2,..* x = m{U2) 


For m=0. x = 0 for m = lx = U2: for m=Zx=L 

The probability of finding the particle is zero at x = 0. UZ and L 

(b) krA 2 dx‘a maximum when sinj j = ±l 

L 

1^1 = m = 1. 3.5....;« = «n(£/4> 

For m = lx = U4. foe m = 3. x = 3U4 

The probability of fmding the particle is largest at x = UA and 3UA. 

(c) Evaluate: The answers to part (a) correspond to the zeros of shown in fig.40.5 in the textbook and the 
answers to part (b) correspond to the two values of x where in the figure is maximum. 

40.8. = -*V and fix y to be a solution of Eq.(40.3). k 1 = E — = E^l. 

dx h n 

<b) The wave function must vanish at the rigid walls; the given Auction will vanish at x =0 for any k. but to 

vanish at x = LkL = nz foe integer it 

40.9. (a) IDENTIFY aixl Sit UP: y = Ac6ikx. Calculate dy 2 Idx 2 and substitute into Eq.(40.3) to see if this equation is 
satisfied. 

-V ... 


EXECUTE: Eq.(403): 


• v'.v: J'." 


= A(-k sin ix) = -At sin t< 


^- = -Ak(k<xnkx) = -Ak‘tatkx 

tl 

Thai Eq.(40.3) require* --p—(-At'co*fa) = £(Acos*t». 


h‘k‘ m J2mE 

Thu says -— *—=E\ k = 




IW2ff) 


y = Acoafci is a sotulioo lo Eq.(40.3) if k = 


j2aE 


(b) Evaluate: The wave fuoctkw foe a panicle in a box with rigid walls al x = 0 and x = L mail lalisfy the 
boundaryconditions *> = 0at i = 0and »» = 0al x = L p«<0) = Acos0 = A. lince co*0= 1.Thru y isnolOal 
» = 0 and this wave function uni acceptable because it doesnl satisfy the required boundary condition, even 
though it it a solution to the Scbrbdinger eq 
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40.10. 


40.11. 


40.12. 


40.13. 


40.14. 


(a) The third excited stile is n = 4. so 

A E =(4*-.,A=_lW^xlO- 14 I ,) J =S.7gx,0~ n J = 36, cV. 

&nL x 8(9.11x10 kgXO. 125x10 m) 2 

«b, /<=—= <6 63Xl(rl * ’y °*> = 3.44 nm 
&E 5.78x10“' J 

Recall ^ - 

p v '2m£ 

^2 h 

(a) Ex =-r 4 = —— -— y = 2L = 2(3.0x10"** m) = 6.0X 10“** m. The wavelength is twice the width of 

&*nL yj 2 mh f&mL 

t , h (6.63X1CT 14 J*s) , _ 

the box. r\ = — =- n -= l.lxl(T kgm's 

\ 6.0x10 m * 

Ah 1 

(b) E 2 = j—g Ax = L = 3.0x10“*' m. The wavelength is the same as the width of the box. 

Pi=£ = 2p,= 2.2X10-* kgnvV 

(c) £, = j" 1 , — ^ = -£ = 2.0x 10'“' m. The wavelength it Iwu-thirdt the width o( (he bo*. 


p, = 3p =3-3x1©** kg mA. 

iDEVnry: IT the given wave function it a wilutWm to the Schnxlinger equaiiun. we will get an identity when we 
luhxitutc that wave function into the SchrOdinger equaboo. 

SET UP: We mutt tubttitute the equation 4 , (j.r) = — tin ] ^11J e** into the ooe-dimentional SchnXlinger 


r^£Vu) 

2m <lx‘ 


+U(x))/(x) = Ey(x). 


fcXECVTE: Taking the tecond derivative of 'i'(x.l) with respect to x gives 


f' lU. I) (a* 
d?~ ! L 


Vix.l) 


l ‘nx 1 


Substituting this result inlo -—^—!il+U{x)v{x)=Eptx). we get —I —| H # (x./) = £Y(x.f) which 

2m 2 m L 


gives £ = — — , the energies of a particle in a box. 


2m L 1 

EVALUATE: Since this process gives us the energies of a particle in a box. the given wave fuixtion is a solution 
to the Schnxlinger equation. 

-a j 


la) 6 * 1 ( 40 . 1 ): 


2m d? 
-ft J d 

2m I? 


*-(/,• = 


_fX Ji .1.1 ' .1.1 

LeH hand tide: ' ■ (AtintaHffoAtinfa = --.Uioki-.I/.Aiinta = --.f/, |v 

2m \ 2m 


A 2 * 1 h 1 * 2 

But-»f/ 4 >V f >E for conttanl *. But ——+U 0 thoukl equal E ^ mi tolulion. 




(b) II E>U 0 . then ——+ (/ 0 = £ it contittent and to v = Atinta it a volutmn of Eq.(40.1) for Ihii cate. 
According to Eq.(40.17). the wavelength ol the electron intide of the tquare well it given by 
* = — m .— —;jL= h By an analysit tiraihr to that uted to derive Eq.40.17. we can thow that outride 


v '2*.(3U t ) 


,1-.: l-'.t 


4.= 


jZndE-U,) j1m>2L\, 


Thut. the ratio of (be wavelenglht it = II 

4. J2m(2V t ) \2 
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40.15. 


40.16. 


40.17. 


40.18. 


40.19. 


40.20. 


40.21. 


E, = 0.625£. = 0.625-1^-; £ = 2.00 eV = 3.20x10'" J 
2mL 

L = x! ‘\ 2(9.l(»xl0-" kgX3.20xl0' 1 * J) I i3 - 43xl ° m 

Since I/„ = 6£_ we can use the remit E, = 0.625£_ from Section 40.3. *>(/,-£,= S.375£_ and the maximum 
wavelength of the photon woukl be 

Ac he 8tn£'c 


A = 


U,-E~ (5.375MA'/8ni£') ~ (5.375>A 


, _ 8(9.1 lx 10'" kgXl-50x10"* m)'(3.00xl0 , m's> _ „ 
(5.3751(6.63x10"* I t) ~ ' 


Eu.(40.16): w = Axid - r + Bcos - x 


^=-a(^ WS,=:*-Etoi= 




Jr 


ly) = to.(40.15). 


dy „ -o. «*V 


— = K/Ce" -De'"). —_ = r'lCe" ♦De' D ) = *V for aU constants Cand D. Hence y is a volulxm to 

dx dx 


Eq.(40.1) for -^-r 2 +(/*=£.« **=(2m<(/ 0 - Eft* }h 9 and *i* real foe £<*/«. 

iDEVnrY: Find the transition energy A£ and set it equal to the energy of the absorbed photon. Use £ = hdk to 
find the wavelength of the photon. 

._ 1»2 

SET Ur: U* = 6£_. as in Fig.40.8 in the textbook, vo £, = 0.625£_ and £, = 5.09£_ with £. =^—. In this 
problem the partarle bound in the well is a proton. *o m = 1.673xl0“ a7 kg. 

.• .. * >,l ‘ *'(1.055x10'“ Ji)‘ .... _ 

EXECV " : ^ a 5F S 20673X10- ’ kgX4.0xl<H» m, 1 =2 -° S2xl ° 3 transrUon energy * 

A£ = £,-£, =(5.09-0.625)£_ =4.465£_. A£ = 4.465(2.052x10'“ f) = 9.162x10'“ J 

The wavelength of the photon that it absorbed is related to the transition energy by A £ = he/A. to 

^ = ^ = <6-636xl0' w J-aX2.9Wxl0‘ m (s ) =2j2x|(rMm = 22tB| 

A£ 9.162x10*“ J 

Evaluate: The wavelength of the photoo is comparable to the sin: of the box. 
lDE.vnrV: The longest wavelength corresponds to the smallest energy change. 


SET Up: The ground level energy level of the infinite well is £_ = p. and the energy of the ptxiton must be 
equal to the energy difference between the two shells. 

Execute: The 400.0 nm photon must correspond to the n = 1 to n = 2 transition. Since U 0 = 6£_. we have 

£, = 2.43£_ and £, = 0.625£_. The energy of the photon is equal to the energy difference between the two levels, 

i 1 u.. i vns l* 

ind £. =- r . which gives E y = E 1 - •=> — = (2.43 - 0.625)£. = 

8irL A 


_ _ . _ . _ (1.805)AA !(\ JJ05)(6.626x 10°* J • sX4.00x 10~ T m) 4 .. 

Solving for L gives L = |---— = !---- n ---.-- = 4.68x10** m =0.468 nm 

8/*k- \ 8(9.1 1x10* kgXa.OOxlO 1 ass) 

EVALUATE: This width is apceoximitelv half that of a Bohr bvdrogen atom. 


r = 16 £|l-£le-^«^. —= 


", V. 


6.0 cV 


jod £-C/r =5cV = 8.0xl0“ w J. 


ll.Ocv 


(a) £ = 0.80x10-* m: r = 16f'l£ll l-i£lL «^ 5 S^B=i* 5 «—-,a =44xl0 - 

\ ll.OeV 11, ll.OeV , 

(b) £ = 0.40x10* m: 7 = 4.2x10'*. 




40.22. 


40.23. 


40.24. 


40.25. 


x> 40-5 


The transmission coellicient is T = 16.£j ]-£. with £ = 5.0eV. L = 0.60xUT* ra. and 

m = 9.11xl0"’ 1 kg 

(a) f/ 4 =7.0eV -> T = 5.5x10-*. 

|b» f/ c = 9.0eVzsT = 1.8x10'’ 

(f) f/ e = 13.0eV r>T = 1.1x10"’. 

IDENTIFY and SET Up; Use Eq.(39.1 \ where K = p‘/2m and E = K + U. 

EXECUTE: A = hip = h/.f2mK. to AjE is constant 

\jK, =* l JiT 1 \ 4 and K, are for »L where *,=21/, and ^ and *, are for 0 <«<£ where 

K t = E-U t =U a 

\ = IK- IKZ=- 

V*. Wo H 

EVALUATE: When the particle is pawing over the barrier it* kinetic energy is less and its wavelength U larger. 
IDENTIFY: The probability ol tunneling depends on the energy of the particle and the width ol the harrier. 

SET UP; The probability of tunneling is approximately T = Ge~^“. where G = 16-£.| l--£- and 




tXECVT*: G = 



U 0 |1_ f/ o ; = l6 70.0eV' ' 70.0eV 


50.0 eV . 50.0 eV 


= 3.27. 


r _ v *2an(f/ 0 -£) _ J2fl.67xl0' ir kgX70.0eV-50.0 eVX 1 60xl0' ll J/eV) _ Q 
fi (6.63x10°* J s)/2e 


III 


3.27 


Solving T = Ge~ 1 “ fori*. \ = 3.6xUT» m = 3.6prn 

If the proton were replaced with an electron, the ekretron’s maw is much smaller so L would be larger. 
Evaluate: An electron can tunnel through a much wider barrier than a proton of the same energy. 



IDEVTIFY and SET UP: the peobablily is I = Ae —. with A = 16—| 1 - — 

£ = 32 eV. f/ 4 =41 eV. £ = 025x10* m Calculate 7. 

Execute: (a)A=16—fl-— =16—’ 1——1=2.741. 

U 0 [ u 0 : 411 41' 

r _ ^2 J ,(t> c -£) 
ft 

_ v t2(9.109xicr" kgX41 eV-32 eVXl.602x10'“ JfcV) 

1.055x10'“ J s 

r = At- , “ =(2.741)e- ! ” , * < "‘ » = 2741e-’“ =0.0013 

(b) The only change in the mas* m. which appear* in at. 

r _j2mlU 0 -E) 


_ y l 2 —ff/p ~ £> 
h 


K = 




v '2<1.673xl0' p kgM41 eV-32eVX1.602xl0'“ J/eV> _ 6 5g4 Xl tf 
1.055x10°* J * 

Then 7 = = <2.74De' JI ‘»**’'“ = 2.741*"“ = lO'” 

Evaluate: The more massive proton has a much smaller probability of tunneling than the electron does. 
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40.26. 


40.27. 


40.28. 


40.29. 


40.30. 


40.31. 


r=C~wi* C = 16 £(.-£ 

U s \ u t \ >: tv, u, 

(a) If U, =30.0x10* eV. £ = 2.0xl<r” m. m = 6.64xl0' r kg and 
f/ 8 - £ = l.Ox 10* eV (E = 29.0X10 4 eV). T = 0.090. 

(b) II U t -E = 10.0x10*eV(£ = 20.0x10* eV). r = 0.014. 

lDE.vnr* and SET UP; TV energy levels are given by Eq.(40.26). where (0= |—. 


EXECUTE: 




•• N.’ia 


= 21.0 rad's 


0.250 kg 

Tin: ground stale energy is given by Eq.<40.26> 

E 0 = -f\a>=-(\.0SSx\0~ i4 J s)<21.0radfe) = l.llxl0“ M J(1 cV/1.602x10“** J) =6.93x10" 15 eV 


-4 




= : n-tl + 




The energy separation between these adjacent levels is 

A£ = E„,-E, = A&= 2£, = 2(1.1 lx lO*" J) = 2.22x10'" 1 = 1.39x10'“ eV 

Evaluate: These energies are extremely small; quantum effects are not important fot this uscillatot. 

Let JOd?!2h = 6. and so — = -2j£y and £^L = (4x*J*-2tJp. and i/ Is a solution ol Eq.(40.21) if 
dx dx 

E = —.5 = = —fno. 

iDEVnrV: We can model the molecule as a harmonic uscllblur. The eoergy of the photon Is equal to the energy 
diflerencv between the two levels of the oscillator. 

SET Up: The energy of a photon is E f = hf = hr!A. and the energy levels of a harmonic oscillator are given by 
_ 


e.=j»+T-!»./-=! 


Execute: (■) The photon's energy is £* = <6.63x10'“ J -.X3.00xltf ^) =0 . 2|eV 

A 5.8x10 m 

(b) The transition eoergy Is AE = £„, -E.=hot= /l^— . whsch gives ^11 = fi^|—. Solving for we get 
t , 4eV 2 m 4 .t 2 (3.00x 10* m.s) l (5.6xlO' Jt kg) 




= 5,9(0 N/m. 


(5.8X10-* m) 1 

EVALUATE: This would be a rather strong spring in the physics lab. 

According to Eq.(40.26), the energy released during the transition between two adjacent levels Is twice the ground 
stale energy £,-£,= Aoi = 2£, = 11.2 eV. 

For a photon of energy E 

. i_ e _hc (6.63xlCT“ J-sX3.00xlO , m») 

t-nf / a = — = — =- B =111 nm. 

/ £ (U.2eVX1.60xl<r* J/eV) 

IDENTIFY and SET Up: Use ihe energies given in Eq.(40.26) lo solve for the amplitude A and maximum speed 
> M of ihe oscillator. Use these lo estimate Ax and Ap, and compute the uncertainty product A xAp r 
Kxecxte: ne total energy of a Newtonian oscillator is given by £ = IkA 2 where k' is the force constant and A 
is the amplitude of the osciDator. Set this equal to the energy £ = (n + of an excited level that has ifiantum 

number n. where * 

(2n + W&> 


. and solve for A: {k'A‘ =(« + l)ho> 


A = 


k 


The total eoergy of the Newtonian oscillator can also be written as £ = 4*>vL>> Set thi 
solve for v M : y/nv^ = (n + y)/in> 

(2nTl)5 0 


lo £ = (n + l)hd) and 




40.32. 


40.33. 


40.34. 


40.35. 


c> 40-7 


Thus the maximum linear momentum of the will alar is = s !(2n +1 )lma>. Assume that A re pee seals 

he uncertainly A t in position mil lhai r__. is he corresponding uncertainly Ap in momentum. Then the 


uncertainly product is AxA p A = ♦ l)AiawP = (2/i + = (2* + i-1 = (2n + \)fi. 

EVALUATE: For n = 1 this gives AxA p t = V: % in agreement with tbc result derived in Section 40.4. Hie 
uncertainly product AxA p M increases with n. 

This it coiuister* with »hat it thown in Figure 40.20 in (he textbook. 

< b » | = «p( ->'S'4i; j = e- 4 = 1.83xlO- J . 

Thu figure cannot be read Ihit precisely. but the qualitative dccreave in an^thtude with (linance it clear. 
IDE-Vnrv: We rondel the atomic vibration in the cryital at a harmonic o«illator. 

SET Up; The energy levelt ol a harmonic mediator are given by E. =| n * i 


EXECUTE: (a) The ground state coexgy of a simple him oa i c oscillator is 

055x10'** J-s) eV 

3.82x10““ kg 


= —(1®=—=— 
2 2 \m 


lb) £ 4 -£, = b»=2£i = a0118eV. to 1 = * = (6.63xlQ- I ■»X3.00xlO' = |fl6/m 

E 1.83x10 J 

(c) E„ l -E u = t\&= 2E» =0.0118 eV 

EVALUATE: These energy dillcrcnces are ranch smiller than those due to electron transitions in the hydrogen 


IDEVTIFY: If the given wave function is a solution to tbc Schrodinger equation, we will gel an identity when we 
substitute that wave func tion into tbc Schrodinger equation. 

SET Ur: The given function is y{x) = Ac**, and the c©e-dimensional Schrodinger equation is 

* dV(x) 


2 m dx‘ 


V{xW\x) = Evix). 


Execute: Start with the given function ant) take the indicated derivative!: »>(«) = .ie 1 **. = Aike". 

dx 

£**£l=Ai l k 1 S‘=-Ak , t*. = = —*V(*>- Subttituting thete reaulta into the 

dx dx 2m dx 2m 

0*4 


Schrodinger equation givet _ f\x)+UJ^x) = E »>(«»- 
Evaluate: u<(j) :<r“in volution to the oue-dimenikinal Schrodinger equation II E-U.= 


h‘k‘ 


E wav given. * i* the tquare root o# a positive quantity.) In termt ol the particle'* 
momentum p: k = p/h. and in terms ol the particle" v de Broglie wavelength X k = 2 x/A. 

IDE-Vnrv: Let / reler to the region x < 0 and let II re let to the region x > 0. no = Ar*‘ * Be~*‘ and 


y.(x) = C<*\ Set tv.(0) = a-.(0)and ^L = ^lat » = 0. 


Setup: —(e J ‘)=i*e“‘. 
dx 


d *i „ 


Execute: y. (0) = 4M0) gives A + B = C. —i. = —- at x = 0 gives ik.A - iEB = ikdC. Solving this pair of 

dx dx 


equations for B and C gives B = 


-K-VU ^c.3. 

k*k t 
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40.36. 


40.37. 


40.38. 


40.39. 


Evaluate: The probability of reflection a R = ti y = The probability of transmission is 

C 2 Air 1 

r = _ T =- -1— y. Note (hat R + T = \. 

(a) R % = ^ j + * = 2 + _L. This is never Ueger than it ix for n = 1. and R t = 3. 

(b> R approaches mo; in the classical limit, there is no quantization, and the spacing of siaxexsive level* is 
vanishingly small compared to the energy level*. 

n l h 2 

Identify and SET UP: The energy level* are given by Eq.(40.9): E' =-Calculate A£ for the transition 


Ha: 


iid set A E = he/A. the energy of the photon. 
EnCVTl! (a) Ground lev el, n = L E, = 

4h‘ 


nnl excited level. n = 2 . i.= 




ih‘ 


The translloo energy u AE = £,-£, = ——Set the Iramrtlon energy equal to the eoeegy he/A ol the emined 

. . he W 

photon. Thu gives — =-j. 


A = 


imcl! 8(9.1C9xl(T" k*X2.998xl(/ mfr)(4.18xl<T* m)' 


1 = 1.92x10"* m = 192/«n. 


3(6.626X10-” Is) 


ut 


9A ! _ 4A 1 5h‘ 


(b) Second excited level has n = 3 aoJ t, = —- T . The transition energy is At = t, -fc 2 = 

he = Sh‘ 

T _ Sm/. 1 

Evaluate: The eoeegy spacing between adjacent levels increases with n. and this corresponds to a shorter 
wavelength and more energetic photon in part (b) than in part (a). 


v—. r : 1 

A = —— = -092 /jm) = 11.5 /rm. 


(»» 


2 f IJ4 2 ^ , 2 f x^i; 2.TA , f 1 L . 2.TA 1 1 

— I san — dx = — - 1-cos - <£* = — a- —sm - = — —. which is about 0.0908. 

£ Jo L £> 2t L ) V 2x L 0 4 2 a 


Li 


(b> Repeating with limit* of Xv’4 and L 2 give* —| a-_ l*in^ ^ ^ 

about 0.409. 

(c) The particle is much likely to be Dearer the middle of the box than the edge. 

(d) The result* sum to exactly 1/2. which means that the particle is a* likely to be between a = 0 and 1*2 as His to 
be between a = Lfl arid x-L 

(e) These results are represented in Figure 40 Jb in the textbook. 

Identify: The probability of the particle being between Aj and x x is i |y| 2 <fA. where p is the normalized 
wave function foe the particle. 

(a) SET Up: The normalized wave function for the ground state is \y x = ^Jj. xinj ^ ( . 

Execute: The probability P of the particle being between a = L/A aixl x = IL/A is 

IU4 * 2 r*U4 t .(ax 


P = \ L4 ||K||A = —sin 1 ; dx. Let y = ax/L dx = (L/a)dy and the integration limit* become tf/4 and 


3tf/4. 


p=lf£\rw=l 


L\n J “ 4 


n 2 la x 1 . lx 1 , x 

P = --—--sin — + _xin — 

*884 2 4 2 


C/4 


P = — ^.-i(-l) + i(l) ; = i + i_ = 0.818. (Note: The integral formula /sin 1 ydy = iy-i*in2y was used.) 
>T 4 4 4 Z it 24 
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(b) SET In The normalized wave function for the first excited slate is ty 2 = ^sinj 

2 f u/4 f .f2rx . 


Kxecvte: P-} U4 ^[*1 = -]^ ™ I-J— |dx.L*< y = 2xxiL, dx = {L/2x)dy and tlx integration limits 
become 7/2 and >7/2. 


2f L , 


p = _ _ 


L 27 


un-y<Jv=— -.--uni* 


U/2 _ _ 

= 1 *1-11 = 0-50) 

* 4 4 


(c) Evaluate: These results are consistent with Hg.40.4b in the lextboi*. Thai figure shows that |pf is mute 
cunceolraled near the center of the box for the ground state than fee the first excited Hate; this is conus tent with the 
answer to part (a) being larger than the answer to part (b). Alai, this figure shows that for the first excited stale half 
the area under curse lies between U* and 3/24. consistent with out answer to part (b). 

40.40. Using the normalized wase fiuxtion w, = J2/L sin<a/£). the probabilities I y l J di are 

(a) (2yX) sin*(B/4>fa= dx/L 

(b) (2/L) sin'(7/2)Ji = 2dx!L 
<e) (2,'X)sin 1 (3.T/4) = di/L. 

40.41. iDEVnr* and SET UP: The normalized wase function for the n = 2 fust excited level is O', = J— sin 




P = |p(x)|* dx is the probability that the particle will be found in t be interval x to x + dx. 
EXECUTE: (a) x = U4 

P = (2JL)Jx 
(b) i = 112 


»*«> 


= JrHiTli!r\'r ,w,>=0 


P = 0 

(c) x = 3£/4 



3 JL = 

L ' 2 \L 


P = (2fL)d> 

Evaluate: Our results are consistent w ith the n = 2 part of Rg.40.5 in the textbook. |p|‘ is zero at the center 
of the box and is ssmnietnc about this point. 

40.42. flp = g„,-p.... |/|=A* = !!HL = —. At x = 0 the initial momentum at the wall is p. __ =-!0Ll ami the final 


momentum. after turning around. i% p^. = 


IL 


&=*%£* ~l -JZ* M,=L •** ini,,jl 


momentum is p M =+^i and the final momentum. after turning around, is =-^i. So, 




IL 2 L 


40.43. (a) For a free partkle. U(x) = 0 so Schrodinger’i equation becomes 

Figure 40.43. 


d W> 2m 

=- w>. 


lb) lor. <0: p(.) = e-. £££=«**- ill!’ = « J e-. So ^ =-*Ze^ E=-££. 

dx dx * 


(c) Fur x > 0: o(x) = e"°. 


M‘). 
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40.41. 


40.45. 


40.46. 


40.47. 


So inrun K 1 - 


2m 


-aV 

2/?i 


Parte (c) and (d) show y(*) «*rifics the Schnxlinger’s equation. provided 


-ftV 

2m 


(d> Note u discontinuous at x = 0. CTTiat is. negative for x > 0 and positive for x < 0.) 

ax 





iDEVnrY: We suit with the penetration distance formula riven in the problem. 


SET Up: The given formula is f)- 




Execute: (a) Substitute the given numbers into the formula: 

h 1.055x10* l a 

7 = 


= 7.4x10"“ m 


-£) 2(9.1 lx 10““ kgX20eV-13 eVXl.602x10“” J/eV) 

(b) 7 = - - 1.055x10"** J •» - -=1.44x10*’ m 

^2(1.67x10^ kgH30 MeV—20 MeV)(lA02xl0 _u J/MeV) 

EVALUATE: Hie penetration depth varies widely depending on the non and energy o I the particle. 

(a) We act the solutions Joe inside and outside the well equil to each other at the well boundaries, x = 0 and L 
j = 0:Asin(0 ) + B = Cs B = C. sioce we mist have D = 0fon<0. 

x = L *flct » -' JntL = *De~“ juice C =0ft* x>L 


Thu gists AstaiL * BcmkL = Dr"\ where * = 


JZrrJ. 


(b> Requiring continuous derivative! at the boundaries yields 

« = Q — = Mcos<* 0)-*flsio(* 0) = kA = KCe“ ^>kA = icC 
dx 

x = L:kA:o%kL-kBitakL = -KDe" 1 . 

»*K)—=!=->(!) 

If E = 55 eV. V, = 10.0eV. m = 9.1 lxKT* 1 kg. and T = 0.0010. Then 

w%**>*«r i.w B , .■. »£. i =Mt 

(1.054x10"** Js) 10.0 eV 10.0eV ) 

mL=- -!—--In 0,0010 ; = 3.8xlCT"m=0.38run. 

2(1.09x10" m"*) 1 3.% 

IDENTITY and SET Up: When kL is large, then e“ is large and e“ t is sraalL When KL is small 
smh kL -* kL Consider both kL Urge and kL small limits. 

(U.rinh *•£.)' 


execute: ij> i = 


- 


4E(l/,-E) 




Mechanics 40-11 


40.48. 


40.49. 


40.50. 


»oh KL = 


c —c 


Vo, —ii r -♦ i i ♦ “ = itw,-* 

2 1 16£(f/ 0 -£) 16£(I/, -£) + (/, 

lor KL»\, 1 6E(U t -E)+Uy‘ L -*Uie‘* 

r .l££^ = 4£]i,-£W^. E ,. ( «, 1) . 


V»*A " 

(b) kL = So i£»l vvlren L a large (turner is wide) or U, - £ is lage. (£B small compared to f/ 4 .) 

fi 

(c) K= ——: « becomes small a» £ approaches f/ 4 . Foe * small. sanh*£ -• kL and 

r- 


. 4£(t/ 0 - £, . A4£(f/ 0 -£) 


Thu, r—» 

4£fi 


—-*£ and T —*1 1+2^^ 


, 2ci£ 

Bui so r-» 

B 


141 T 


. as was to be shown 


EVALUATE: When KL is large Eq.(40.20) applies aid T is small. When E-*U 0 ,T does not appeoach unity, 
(a) £ = —mv* = (n + (l,‘ 2 ))/to = (n + ( 12 ))h/. and solsing foe n. 


I"* -1 1 _ <1/2X0-020 kg)(0-360 mfa) 1 1 3Mfft 
hf 2 (6.63X10' 1 * JsXl.50 Hr) 2~ 

(b) The difference between energies is hrn = hf = (6.63X 10' > ‘ J • sXl .50 Hr) = 9.95 X 10' M 1. This energy is loo 
small to be delected wilh currenl technology 

IDE-Vnrv and SET Up: CakuliAc the angular frequency ru of the pendulum and apply Eq.(40.26) foe the energy levels. 

.. 2* 2 a . . 

Execute: o>= — - ——— = 4.r» 

r 0 . 50 ) s 

The ground-state energy is £„ = lho» = 1(1 .055x lCr 1 * J • »X4« s' 1 ) = 6.63 x 10-“ I. 

Eg = 6.63x10'’* J(1 eV/1.602x10* J) = 4.14xl0-‘’ eV 

e *=K 


=i n+l+— ihrtr 
2 

The energy difference between the adjacent energy levels is 
4£ = £„, - £. = ha>= 2Eg = 1.33x10°’ J = 8.30x10'” eV 

EVALUATE: These energies are much too smill to detect Quantum ellects are Dot important foe otdaury sue objects. 
fDEVnrV: We nxnlel the electrons in the lattice as a particle in a box. The energy of tire photon is equal to the 
energy difference between the two energy states in the box. 

2.1 

SET Vn The energy of an electron in the n* level is £ =- r We do not know the inkial ox final levels, but 


we do know they dxtler by 1. The energy of the photon. he/A, is equal to \bc energy dilfereixe between the two 

^ . t , .. he (6.63x10“* J^.OOxlO* mfr) 

DXCUT1: The energy diilereoce between the leveb is A£ = — =- 1 649x10" - = 

1.206X10"* 1 J. Using the formula for the energy levels in a box. this energy difference is equal to 
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Solving for n gives Li A- 206 * 10 *' JW.»lxHT» kgK0.SODxlO" «)»| = 3 

* * h 1 I 2 (6.626.10- J ,)- 

The transiboa is from « = 3 to n = 2. 

EVALUATE: We know the transition is not from the n = 4 to the n=3 state because we let n be the higher stale 
am! *-l the lower stale. 

40.51. IDENTIFY: If the given »ave function is a solution to the Schrixlinger equabun, w* will get an identity when we 
substitute that wave function into ibc Sdutidinger equation. 

SET Up: The given wave function is jr 4 (x) = and ihe Scfarudinger equation is 

-4^4*'™ 

Execute: (a) Sun by taking the derivative*: o<.<») = Af~** n . = -o'iV’"' 1 . 




rfVc(,> 


5p=H»* + (<Wj *«■ 


— V,(«) = _jl | _ Q i ■ f<a ‘ ) V | «(,). Equation (40.22) it *—y(.) = £ Subitituting 

2/7i dx 2 m 2 m dx 2 

the above remit into that equation givet |-a 1 + (tf J )V| {/,(>)*E y a (x). Since O a = — and 

2 m 2 h 


* the coefficient of x 2 is -—(a 1 ) 2 + — = 

m 2m 2 2m ' 


mat 


= 0 . 


"Ms; 


(c) The classical turning points are at A = ± I—^—. The probability density liuxtian tt 




vi 


i = i Kf-l=j • 

d^of =i ^ = - 2 ^rv-. A , «=o. 

di 1 ft* 1 * /i* 


=o. 




---= -2—| — ; (l-2u I i‘(f**'' 1 . At i = 0. d <0. Therefore. at i = 0. the lint derivative it 

dt A V ft* / dx 

uto and Ihe vecond denvalive i» negative. Thrrelore. the probability ileniity lutxllon ha» a rouinmin at x = 0 . 


Evaixate: wAx) = Ac“ ,V " it a tolution to equation (40.22) if -—(-a 1 )»,(») = E *>,(«) ot 


'■ 


E = -14- = correspond* to n = 0 in Equation (40.26). 

40.52. iDEvnrv: If the given wave funcUoo it a solution to the Schritiinger equation, we will get an identity w hen we 
tubvtitute that wave function into the Schriidinget equation. 

SET Up: The given wave function it (t'(j) = \2xe~ a ‘‘' lk and the Sehnidinget equation it 

-gF*^'** 




EXECUTE: (a) Start by taking the indicated denvabves: ^(x) = /t, 2xe 

^M=-2 a J »'Ae-■■‘ ,, * 2y-' v ". = -2 Aa , 2x e -^ , ‘-2Aa , x‘(-a i x^ A ‘ * 2M-a‘,) e - 

dx dx 

*^>=I-2«r 1 *<a 1 >V-a J ) V ,{x)=[-WH<tf*\ *(*) 


M3 
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Equation (40.22) is d ^ y(x) = £ y(*). Substituting the above result into that equation gives 
2m dx 2 

(-30^ +(a 2 )*x 2 ) ^(i) + —^(z)= E JT,(x). Since = — and <U=J—. the coefficient o#x* is 
2m 2 Aim 


ivi *' A 1 nxa> \ 

2 m ' + 2 2 m A 1 + 2 


= 0 


U4 


1 111 Ml' 

(c) The probability density function |y f is |^»(a)| 2 = ^ a 4xV*** J = —j | 4x*e “~~ 

At « = 0. |^|”=a * A, i 4^(-a i 2«V-' , ‘ = **»«-" - A?&,W' 

A,,=o.iWf£=o.*,.= ± i.wl= ll 

<f* <£r 

= - a*B0**)«»V v -A,‘Sx , a‘(-a‘2,) e - < ". 

d ‘^ l) ^ = Afr"" - A’16« ! «V' V - \‘24,We-** * A*lfa 4 «r*>V". At « = 0. >0. So M 

« = 0. the first derivative Is zero Jntl the second derivative Is positive. Therefore, the probability density function 


has a imtutniun at x =0. At x = 




a dP 

be probata 

classical turning points for n =0 as found in the previous question. 
U ATE: */,( 

3 ftV 3tVGJ 


at x = ±_. the lirst derivative is zero and the second 

a 


derivative is negative. Therefore, the probability density function has maxima at x = ±—. coneq>onding to the 


Evaluate: p' 1 (x) = 42xr‘* v,1 is a solution to equation (40.22) if (-W)y l (x)= E y,(x) or 


3Att 


corresponds to n = 1 m EquMion (40.26). 


2m 2 " 2 

40.53. IDENTITY and SET Up: Evaluate ay/a*\ ay /ay 1 , and dV/%* for the proposed y and put Eq.(40.29). Use 
that p'. . y, .and p'. are each solutions to Eq.(4022). 


^ *re «cb volution, of Eq<40.22). = £ *- k 


-v. 


»•=k (’K wr* </=!*'*’+i*y+i»' ; ‘ 

aV - jV ‘L» aV -l rfV ^rr 


2 m' d/ apj ' [ 2 m dx‘ 2 
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40.54. 


40.55. 


40.56. 
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Therefor, we have shown that this y is a solution lo Eq.(4029). with energy 

(b) anil (c) The ground state has n. = n ) = n, = 0. so the energy B £*, =—A<U There is only ooe set ol n,.n, and 
n that give this energy. 


first-excited slate: n. = L n, =n. =0orn, =L n, =rt, =0orn. =1. n, = n, = 0 and = -1.-0) 

There are three different wts of n t . n ( . n ( quantum numbers that give this energy, so there are three different 
quantum states that have this same energy. 

Evaluate: For the three-dimensional Isotropic haraueiic oscillator, the wave function is a product of one- 
dimensional harmonic oscillator wavefunctions for each dimension. The energy is a sum ol energies for three ooe- 
dimemional oscillators. All the excited Hates are degenerate, with more than one state hasing the same energy. 

o\ = = N i 'k[im. Let (,«_(«) be a solution of Eq.(40.22) with £ v =j n, + i j hc^, y^lyl be a similar 

solution. (t) be a solution of Eq.(40.22) but with z as the independent variable instead of x. and 
energy^ =; ni tl;,i 

la) As in Problem 40.53. look fee a solution of the form iy(j,y.i) =p. (»)v. (y)w.(z). Then. 

~ 2m~dP 


= E* V with similar relations f« and Adding. 


-U 4 * 4 ^-i * 1 y 

=(^+^+£^-i/V=(E-tf* 

where the energy E a E = £, ♦ £, ♦ £ # = A 


(n M + n, + lfo s +; n f + - |«J [.with n,. n y and all nonnegalive 


(b) The ground level corresponds lo n, = n t = it, = 0. and £ = />] Ibc first excited level correspond* 

n A =n y = Oand n, = L since <i* 2 >rvj, and E = A&| j. There is only o« set of quantum number? 


it 


fitf htvh 


— _ _and the first excited stile. 

(a) v(x) = A sin kx and rf-£/2) = 0 = p(+£/2) 

0 = Asin;l^ i= ,l^=nx^l = ^ = ^ 

i a i ^ m 2 


’' 3 

A nf 


^.where^U.. 


=>A = — ->p, = -l— = — =j£,= — = ——r = ——-4- 
» In t 2 m 2 m£ 8m£ 

<bl |y(«) = A cos fct and yv(—1/2) = 0 = p|*L/2) 

=>0=Ac«j|)=,^=<2, + I)I^*= (2 - +1 >'- Zl 


A=-^=>p. = (2 " +W 


(2ii+ll 


2L 


.*.2g£.. au_ 

<c) The corabmabon of all the energies in parts (a) and (b) is the tune energy lewis as given in Eq.(40.9) t 

nV 


£.= 


SmL 


<d> Part (a)'s wave functions are odd. and part (b)'a are even. 

(a) As with the panicle in a box. ,,(*) = A sin fct where A is a constant and *' = 2m£/A 2 . Unlike the particle in a 

i t . mm mm a a m m 


— • « r 

box. however. k and hence £ do not have simple forms 




40.57. 


40.58. 


40.59. 
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(bt lor x>L the wave function must have the fotra of Eq.(40.18). Rn the wave function to remain finite as 
x -» C = 0. The cuuunt= 2m(U, - E)/h, as in Eq.< 14.17) and Eq.(40.18). 

(c) At « = L. A sin kL = De" 1 and M cos kL = -xDt ' L . Dividing the second of these by the fast gives 
* cot kL = -x. a transcendental equation that must be solved numerically loe different values of the length L and 
the ratio E/U„. 

(»)E=K +U(x)=f-*U(x) =>p=J2m(E-U<x)). A = -=>A(x) = --- 

2m p j2m(E-U{x)) 

(b) As U( j) gels larger approaches Efrora below—eecaU kZ0\E-U(x) 

geU smaller, so -1(«) gets beget. 

(c) When E = U(x). E-U(x)=0.voA(x)-+°°. 

(d) /*-£- = /*-_±-= if*^2m<£-f/<.))J. = ^ ^i‘ y j2m(E-U(x))dx = ^.. 

! ‘A(x ) S -h\J2m(E-U(x)l 2 J * v 2 

(e) f/(j) = 0 lor 0 <»< 2 . with classical turning points at « = 0 and« = L So. 

-!/<«)) dx = j‘ v ( 2mEdx = j2mEf‘dx = JimELS o. bum fort (d). 

£XEl=*->e =-L '=*!^ 

2 2m I 21 .1 XmL'. 

(f) Since U(x) = 0 in the region between the turning points at x = 0 and x = L. the results is the same as part (©X 
The height U 0 never enters the calculation. WKB is best used with smoothly varying potentials U(x). 

(a) Al the turning points £ = i h'xj, => % =± J^. 


(b) J2*| £ - -k'x 1 <£r = y. To evaluate the integral, we want to get it into a form that matches the 


standard integral pven. 



-IkV\ = 42mB-mkV =J^ltt-xx‘. 


It 


, 2£ |2 £ |2£ 

Letting A = y. a = - <— .and b = + . — 

= dx = 2 ^—~ j x^7 + A J arcsin j JL 






Using WKB. this is equal toy. so £^r = y. Recall = J L. sto £ = Afu = hum. 

(c) We are missing the zero-point-energy ollsel of 1—1 j recall £ =/Wj n + i J |. However, our approximation isn't 
bad at all! 

(a) At the turning points* £ = A |^ry I => % =±—. 

A 

,b > I-Vl"v l2m,£ - A W*^ = €” -J2ME-M) dx. Let y = 2m(E-Ax)~ 


dy = -2mA dx when x = —. y =0. and when x =0. y = 2wi£ So 

A 


\}^^dx=-Ul^= 




V'r 




[2m£) = — ~>E = - 


Iflhifr 


V* 








^i-(2 mE)“. Using WKB. this U equal to So. 
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(c) The difference io energy decreases between successive levels. Fee example: 

1“ -0» = 1.2”-l 1 ’ =0.59.3“ -2” = 0.49... 

• A sharp « step gave ever-irxreasing level dilleientes (- n 1 ). 

• A parabola (- x 1 ) gave evenly spaced leveh (-n). 

• Now. a linear potential (-1) gives ever-decreasing level differences I- n”). 

Roughly speaking, il the curvature of the potential (- second derivative) b bigger than that of a parabola, then the 
level differences will increase. If the curvature it less than a parabola, the differences will decrease. 
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11.1. iDEVnrv and SET Lip; L= v 'l(l +1>&. L,=mji. 1 = 0.1, 2..... n-1. m, =0. ±1. ±2,~, ±1. co %0 = L,IL. 
EXECUTE: (■> 1 = 0 : L = 0. £ =0 . 1 = 1: L=j2J>, L =h,QQ-h. 1 = 2: X. = v '61i. L t =2Ji,ft.0,-fl.-2Ji. 

<b) Ineachcare m%0 = L l /L. L = 0: 0Dotdefined. L=j2>>: 45.0.90.0.135.0' . L = j6!i: 

35.3'. 65.9". 90.0. 114.1=. 144.7'. 

Evaluate: There b do .late where Li. totally aligned along tbcjaxi*. 

41.2. IDEVnrv and SET Up: L=Jl(l+\)li. L,= m/i. 1 =0.L2.....n-l. ^ =0.±1.±2.....±1. eo %0 = L,IL. 

Execute: (a) 1=0 : i = 0. L =0. 1 = 1: L = j2h, L =fi.0.-li. 1 = 2: L=fo>. L=2h.>/.0.-h.-2l \. 1 = 3 : 
L = 2V3A. 1, = 3ft.2ft.l>.0.-ft.-2ft.-3ft. 1 = 4: L = 2 v l 5ft. 1, = 4ft.31i.21i.ft.0.-ft.-2ft,-31.’.-4ft. 

<b) L=0: Anoldelmed. L = v»2ft: 45.0,90.0 .135.0". L = v l 61.': 35.3 ,65.9".90.0 .114 1.144.7". L = 2jlh : 
54.7'.732“.90.0 .106.8 .125.3M50.0 . L = 2jS)i : 26.6 .47.9 .63.4'.77.1".90.0 .102.9 .116.6 .132.1M53.4'. 
(c) The minimum angle i* 26.6 and ocean far / = 4. n\ r = +4 . Tbe muimura angle u 153.4 and oc«ir* for 
/ = 4. = -4. 

41.3. IDENTIFY and SET UK Tbe magnitude of the orbital angular momentum L is related to the quantum number 1 by 
Eq<41.4): L = % i'l(l. IV.’. 1 = 0. 1.2.... 

.. .. : 4.716xl0' M kg-raV. I 

Execute: 1(1.1)= - = -Z- =20 

I ft ) 1.055*10'“ J » 

And Iben 1(1 +1) = 20 give* that 1 = 4. 

Evaluate: 1 must be integer. 

41.4. (a) («n,) M =2. w (£,)„. = 21i 
<b) v ri(l + l)ft = j6f\ = 2.4511. 

(c) The angle i* arcco* \-^\ = «oc>t(| and the angle* are. foe m, = -2 lo ^ = 2. 144.7''. 

114.1°. 90.0'. 65.9°. 35.3°. The angle cotretpoeidmg to n\ =1 will always he larger for larger 1. 

41.5. iDEVriKY and SET IIP: The angular momentum L i* related to the quantum number 1 by Eq.(41,4X L = ^'1(1+ 1)1.'. 
The maximum 1. f M , foeagivenn a =n-l. 

Execute: Fw n = 2.1 M =1 and L=J5h = 1.414ft. 

For n = 20. 1 M = 19 anl L = > (19H20)1.' = 19.49ft. 

For n = 200 / M = 199 and L = J(199)(200)ft = 199.51.'. 

Evaluate: A* n increase.. Ibe maximum L gel* cknee to the value nl poitulated m the Bt*r model. 

41.6. The (l.m,) combination.are(0. 0).(1. 0). (L ±1>.<2. 0). (2. ±1). (2. ±2). (3. OX 
(3. ±1). (3. ±2X (3, ±3). <4. 0). (4. ±1X(4. ±2X(4. ±3). and (4. ±4). a total of 25. 

<b) Each *tate ha. the *ame energy (it i. the same). - 0 . 544 eV. 

41.7. f/=-L^ = ^- |160<1(, ; tC ' , =-2.3* l O-| 

4.t<* r 4.t<* l.OxlCT^ m 

-2.3X1Q- 1 ' J 


= -14.4 eV. 


41-1 





41-2 (Stapler 41 


41.8. 

41.9. 

41.10. 


41.11. 


41.12. 

41.13. 

41.14. 


(a) As in Example 41.3. the probability ix 
P = f* *| f 4 xr 2 dr = 


ar 2 a*r 

’I""T " 


v 

= 1- —= 0.0803. 
2 


(b) The difference in the peobahtliliej is (1 - Se**) - (1 -(5/2)e' 1 > = -2e J ) = 0.243. 

(a) I v t= yV =1 *(') 1*1 QC-') 1* Me'*''XAr'**’') = A 1 13f(f)l j l0<d)t j . which is independenl ufp . 

(b» J o ' I <**)(■ dd = A ! { t 1 Jtf = 2M J =lr>A = -^_. 

£ - = -»irw a ^ =t '- 5 4^“- m7J,J '- 

(a) If m l = m =9.11x10'” kg 

' V ! (9..09x.0-h t ,K..«)2x 1 0-“O* N-m’/C) 1 =2.177x10"“ I = 13-59 eV 

(4«,)b 2(1055x10’ I-.)' ' • ’ 

For 2 -»1 transition. the coefficient i*(0.75)(13.59 eV)= 10.19 eV. 

(b> If i\ = —. using Ibe result from pan (a). 


Similarly, ibe 2->l transition. j ^ J = 5.095 eV. 

(c) II m, = 185.8m. using the result from part (a). 

=03» • v >( |. 2525 .V, 

and the 2-»1 transition give* -> (10.19 e\'X185.8) = 1893 eV. 
iDEVnr* and SET IIP; Eq.(41.8) gives a = i£^L = _^_ T . 

■V* *v 

Execute: (a) m,=m 

a = -^L= |8& 54xl0“ g™ -*X6.626xl0'“ Jjg =0 . 5293x , 0 - m 
ante 1 «(9.1(»xl0"" kgK1.602xlO'" C)' 

(b) m. =ml 2 


=2| 1=1.059x10-" m 


(c) = 185.8m 

a = -}— -lA‘ =2.849xI0* u m 
185.81. xmf 

EVALUATE: a is the radius foe the n = 1 level in \bc Bote model. When the reduced mas* iw increases, a 
decreases. Foe positromum and muornum the reduced mass effect is large. 

e** 4 = co*(m,p) + 1 san{/n^). and to be periodic with period 2 .t. m, 2 x must be an integer multiple of 2 r. so m, 
must be an integer. 

P(a) = j \k\2V = H'e+H4n*+). 


r(<i) 


- 4 f J r 2 ^ Vr- 4 ~ dr * L-*,« _ 4 -a* a* a* -2 a* o 

*-7 —■~r-J* -? *r 


= P(a) = 1 - Se"*. 

(a) AE= . 1,8 = (5.79X10' 1 e V.TX0400 T| = 2.32 XlCT 5 eV 

(b) ni =-2 the lowest posable value of m. 
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41.15. 


41.16. 


41.17. 


41.18. 


41.19. 


(c) The energy level diagram is sketched in Figure 41.14. 

f - 2 (JK fickle* 

.+ 3 

i = 2(dfca»teld w, - ♦ l 


o 

- -1 


Figure 41.14 

iDOmVY and SET UP: The interaction energy between an external magnetic field and the orbital angular 
momentum of the atom is given by Eq.(41.18). The energy depends on m, with the most negative m. value having 
the lowest energy. 

EXECUTE: (a) For the 5# level / = 4 and there are 27 + 1 =9 different m, stales. The Sg level is split into 9 levels 
by the magnetic field. 

(b) Each m, level is shilled in energy an amount given by U = *^,5. Adjacent levels diflcr in n\ by one, so 
AU=p M B. 

= 2 m = - 2 P.IWX. 0 -Uk,) -=9-277x10^' A m' 

AU =// D 5 = (9.277x10'* A/ra 2 X0.600T) = 5.566x1O’* J (1 eV/1.602x10"* J)=3.47x10^ eV 

(c) The level of highest energy is for the largest hi,. which is m, = / = 4; U 4 = 4p,5. The level of lowest energy is 

for the smallest m r whsch is m, = -/ = -4; = -4^5. The separation between these two levels is 

U 4 -U m 4 = 8//,5 =8(3.47x10’* eV) = 2.78xl(T 4 cV. 

Evaluate: The energy separations xc proportional to the magnebc field. The energy of the n = 5 level in the 
absence of the external magnetic field is (-13.6 eV)/5* = -0.544 eV. so the interaction energy with the magnetic 
field is much less than ibe binding energy of the state. 

(a) According to Figure 41.11 in the textbook there are three different transitions that are consistent with the 
selection rules. The initial m ( values are 0 . ±1 and the final m, value is 0 . 

(b) The tnosibon from m : = 0 to m, = 0 pexxluces the sanx waveknglh (122 nm) that was seen without the magnetic field 

(c) The larger wavelength (snuller energy) is produced from the m, =-l to rr\ = 0 transibon. 

(d> The shorter wavelength (greater energy) is produced from the m, = +1 to m. = 0 transition. 


3p -« = 3./ = l.At/ = i,.fi~ fl = i- = a?lxli: ; fV) = 0.468 T 
' * <5.79x10--fV T) 


(b)Three: m, = OJl. 
(a) V =+<2.00232) 


< 200232 ) 


\^ T >- 




V = - f2< ” 23 - > (5.788 x 10"’ e Vi’TM0.480 T) = -2.78 x 10" 1 eV. 

(b» Since n = 1. / = 0 »o these i* no otbilal magnetic dipole interaction. But if n * 0 these could be « 
allows foe / * 0 . 

iDEvnrv and SET Up: The interaction energy a V =~n B. with //, given by Bq.(41.22). 
Execute: U=-u B = +flB, aince the magnetic field ii in the negative ^-direction. 


I < n 


U, = -<2fl0232)| _ |S,. «. U = -<2 

S. =m/i. to U =-2.002.12 — \m.B 

2m 

^l = /4 =5.788x10"* eWT 
V =-2.00232^.5 


& 


The m t =+- level has lower energy. 


\U=V] m. =——^—U\ m, = ♦- ;= -2.00232*8; ---' f- | = ♦2.00232*8 
\U =+2.00232(5.788x10-’ eWTXl.45 T) = 1.68x10" 4 eV 
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41.20. 

41.21. 

41.22. 

41.23. 


41.24. 

41.25. 


41.26. 

41.27. 

41.28. 

41.29. 


Evaluate: Hit: interaction eoergy with the electron spin is the same order of magnitude » the mleracboo 
energy with the ocbilaJ angular momentum for states with m ( *0. But a U state has / = 0 and m, =0, sw there is no 
orbital magnetic interaction 


The allowed (/. i) combinaboos are 




iDEvnrv and Set Up; j can have the values i +1/2 and / -1/2. 

Execute: Ifytakes the values 7/2 and9/2 itmust be that / —1/2 =7/2 and / = 8/2 = 4. The lettee that labeU 
Ihla/Uy. 

Evaluate: / must be an integer. 

, he (4.136x10-“ «V-s)(300xl0* ms) ,, , c (3.00x11/ ms) , 4 

(a) 2 = -=-1- =21 cm /=—= - = 1.4x10* lit asheet radio 


U 


(5.9x10* eV) 


0.21 m 


wave. 

(b) At m Exa m ple 41.6. the ellectlve field is BsEE/2/^ = 5.1x10'’ T. foesioihet than that found in the example. 
IDE.YIWY and SET IIP: Foe a classical particle L-Ilil Kir a uniform sphere with mass m and radius R. 

I = ImR 1 . so l = J [ox Solve foe to and then use v = rO> to solve foe v. 

Execute: (m) L = Jt'i to jm/l‘e>=JIh 

5J374* 5 V '3/4(1.055x10“ Is) , , ,... , 

2mR l 2(9.109x10'’' kg)( 1.0x10"" m)‘ 

(b) t = r(0= (l.OxlO" 1 ’ m)(25x 10" rad/s) = 2.5x10" m/s. 

Evaluate: This Is mtxfc greater than the speed of light c. so the model cannot be valid. 

However the number of electrons is obtained, the results must be consistent with Table (41.3); adding two mow 
electrons to the zinc configuration gives li'2s'2p‘3i’3p , 4i i 3d 4 '4p i . 

The ten lowest energy levels foe electrons are in the n = 1 aoJ n = 2 shells. 


n=U=0.m,=0. 

n= 2 ./= 0 .m.= 0 . 


m, =±—: 2 states. 


m . = ±-:2 


n= 2 / = L^= 0 .±L m, =±—:6 
For the outer electrons, there are more inner electrons to screen the nucleus. 

IDEvnrv and SET Up: The energy of an atomic level is given m terms of n and Z„ by Eq.(41.27), 

Zi I 

—— (13.6 eV). The loaizalsoo energy for a level with eoergy -E, is 


The ionization energy is 4.18 eV. 

Evaluate: The etxrgy of an atomic state is proportional to zj,. 

For the 4i state. E =-4.339eV and Z„ = 4^'(-4J39)/(-13.6) = 226. Similarly. Z„ =1.79 for the 4p state and 
1.05 for the Ad state. The electrons in the states with highet I lend to be further away from the filled subshells and 
the screening is mow complete. 

lDE.vnrv and SET Up: Use the exclusion principle to determine the ground-state electron configuration, as m 
Table 41.3. Estimate the energy by estimating Z^. taking into account the eketroa screening of the nuckus. 
Execute: (a) Z = 7 for mitogen so a mitogen atom has 7 electrons. N 2 * has 5 electrons: l«’2s’2p. 


(b) Z* =7-4 = 3 for the 2p level. 

<13.6 eV) = -.^(13.6 eV) = -306 eV 

(c) Z = 15 lot phosphorus so a phosphorus atom has 15 electrons. 
P 2 * has 13 electrons: lr a 2**2p i 3»*3p 
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41.30. 


41.31. 


41.32. 

41.33. 


41.il. 


41.35. 


(d) Z* =15-12 = 3 for the 3p level. 






(13.6 eV) = --j(13.6 eV) =-13.6 eV 


Evaluate: In these ions there a one electron oulsiik: tilled suhsbelb. so it it a reasonable approximation to 
assume lull screening by these inner-subshell electrons. 

(a) £, = - B ^ rV zj. soZ^ =1.26. 

(b> Similarly. Z^ =226. 

(c) Z^ becomes larger going down the columns in the periodic table. 

lDE.vnrv and SET Up: Estimate Z^ by considering electron screening and use Eq.(41.27) to calculate the 
energy. Z M is calculated at in Example 41.8. 

Execute: (a) The element Be has nuclear charge Z = 4. The ion Be* has 3 electrons. The outermost electron 
sees the nude* charge screened by the other two elections so Z* =4-2 = 2. 

- _ fZi'l. - 2' 


(13.6 eV) so £, = -^(13.6 eV) =-13.6 eV 


t 


(b) The outermost electron in Ca sees a Z M = 2. E,= j(13.6 eV) = -3.4 eV 


Evaluate: For the electron in the highest /-state it is reasonable to assume full screening by the other electrons, 
as in Example 41.8. The highest /• states of Be*. Mg*. Ca*. etc. all have a Z M = 2. But the energies are different 
because foe each ion the outermost sublevel has a dilferent n quantum number. 


Ei. = (Z -1) 1 ! 10.2 eV). Z*l + 


46x10* eV 


= 28.0. which corresponds to the element Nickel (Ni). 


10.2 eV 

(a) Z = 20 : / = (2.48x 10 1 ' Ht)(20 - 1) J = 8.95x 10" Hz. 

E = hf = (4.14 x 10-“ eV s) (8.95 x 10 1 ’ lit) = 3.71 keV. A = - = ^ ( ^ I | 'V [ D J = 3.35 x lO*"' 

|b)Z = 27: / = 1.68x10* Hr. E = 6.96 keV. A =1.79x10*'“ m. 

(c) Z = 48:/=5.48x10" Hl E= 22.7 keV. A = 5.47x10*" m. 


iDEVnrV: The orbital angular momentum is limited by the shell the electron is in. 

SET Up: For an election in the n shell, its orbital angular momentum quantum number / is limited by 0'/<n. 
and its orbital angular momentum is given by L = % l'/(/ + l) ft. The --component of its angular momentum is 

L' =«,/:. where nt, = 0 . il. ± 1 . and its spin angular momentum is S = v5/4 A for all electrons. Its energy in 

the n“ shell is E. = -<13.6eVV(i J . 

Execute: (a) £ = ^'/(/.l) A = 12ft -> I = 3. Therefore the smallest thu n can be is 4. so £. = - (13.6 eVy n 2 = 

- (13.6 eV)4 J = -0.8500 eV. 

<b» H»r / = 3. m, = ±3. i2. ±1.0. Since £, = m/i, the largest £, can be is 3 7 and the smallest it can be is-3 ft . 

<c) 5 = ^173 A for all electrons. 

(dl In this case. n = 3. so/= 2. 1,0. Therefore the maximum that £ can be is /_ = ^2(2 +1)ft = -J6t>. Ihe 
minimum £ can be is zero when / = 0 . 

Evaluate: At the quintum level, electrons in atoms cm have only certain allowed vakxs of their angular momentum. 
IDEVnrV: The total energy determines what shell the electron is in. which limits its angular momentum. 

SET Up: The electron's orbital angular momentum is given by £ = ^/(/+l)ft. and its total energy m the n* shell 
is £. =-(13.6 eV)/n J . 

Execute: (a) Fust find n: £ = -<13.6eVyn' = - 0.5440 eV whsch gives n = 5. so / = 4. 3.2. 1.0. Therefore Ihe 
possible values of £ are given by £ = v '/(/ +1) * . giving £ = 0. jih. J6ft. N iT2ft. ,/20ft. 

<b>£, = -(13.6 eVV6 2 = -0.3778 eV. A£= E,- E, = -03778 eV - (-05440eV) = 40.1662 eV 
This must be the energy of the photon, so A£ = he/A. which gives 

A = hc/OE = (4.136 x lCT 1 ’ eV s X3.00 X10* m/sy(0.1662 eV) = 7.47 x 1<T* m = 7470 nm. which is in the infrared 
and hence not visible. 

Evaluate: The electron can have any of the five possible values for its angular momentum, but it cannot have 
any others. 
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41.36. 


41.37. 


41.38. 

41.39. 


IDEYTOY: Ivr the V shell. n = 4. which limits the values of the other quantum numbers. 

SET Up: In the n* shell 0 ^* / < n. f* = 0. ±1. iJ, aixl m t = ±1/2. The orbital angular momentum of the 

eleclrto u L = % iV(/ +1) A and its spin regular momentum is S = <j3/if :. 

KXECXTE: (a) For / = 3 we can have m t = ±3. ±2±. ±1.0 and m, = ±V1 for / = 2 we can have /ni = ±Z ±1. 0 and 
m, = ±V6; lor /= 1. we can have m, = ±1.0 and m, = ±1/2 ; for / = 0. we can have m, = 0 and m, = ±1/2. 

(b> frr the iV shell, n = 4. and for an /-electron. / = 3. giving f. = N ,7(/ + l)ft = % i3<3 + l) A = . L, = 

= ±2/]. ±A. 0. so the maximum value is 3/.-. S = j3/4h for all electrons. 


(c) For a d stale electron. / = 2. giving L = ^2<2 +1) f\ = Jbh . ^ and the maximum value of m i* 2. so the 

maximum value of l* is 2 ft . Hie smallest angle occurs when U is most closely aligned along the angular 
momentum vector, which is when L i* greatest Therefore cos^ =^- = -i- = — and = 35.3'’. The largest 
ingle occurs when L, is as far as possible from t be /.-vector, which is when L, is roost Kgative. Therefore 
” d *“ =U4 - 7 ’- 

(d> Thu It not possible riuce / = 3 for an /-elec turn, but m the M shell the maximum value of / it 2. 

EVALUATE: The fail that the angle in pan (c) cannot be zero (ells ut that the orbital angular momenlum of Ibe 
electron canniX be totally ahgneil along any tpecITretl directicn. 

iDEVnrV: The Inner electrons Aiekl part of the nuclear charge from the outer electron. 

z 2 

SET Up: The electron’s energy m the n* shell, due to shielding, is £ 4 = --i(l3.6eV). where Z*r is the 
effective charge that the electron “secs” for the nucleus. 

Z 1 I ( 4 ‘y-i 947 »vi 

EXECUTE: (a) E, = S-(l3.6 eV) and n = 4 foe the 4s state. Solving for Z* giver Z <a = ,\-- --—--- 

n 1 13.6 eV 

= 1.51. The nucleus contain! a charge of+11 e. «i the avenge number of electrons that screen thu nucleus must 
be 11 - 1.51 = 9.49 electron! 

(b> (1) The charge of the nucleus is *19e. but 172c a sneered by the electrons, so tbe outer electroo "sees” 19e - 
172* =1.8* and Z, r = 1.8. 

(ii) £. =-£^(13.6 eV| = -lil^?-(13.6 eV) = -2.75 eV 


Evaluate: Sodium has 11 protons, so the inner lOekctrcms shield a large portion of this chuge from the outer 
electron. But they don’t shield 10 of Ibe protons, since the inner electrons are not totally equivalent to a uniform 
spherical shell. CThey are lumpy.) 

*^\ -fl- 


11.3; = Cr 1 


Ce (2r -(2rVa)). and for a maximum, r = a. the distance of 


the electron from tbe nucleus in the Bohr model. 

(a) IDENTIFY aixl SET UP: The energy is given by Eq.(38.18). which is identical U> Eq.(41.3). The potential 
energy is given by Eq.(23.9). with q = +Ze and q , = 


EXECUTE: £=- 


fc^= U (r) gives - 


2J> 

1 me* 


*«*»-- ' «■ 


4»c. 


1 e 1 


(4iJfc 


(4to)2* 1 


-2a 


Evaluate: The turning point is twice tbe Bohr radius. 

(b) IDENTITY and SET UP: For the 1 j state the probability that the elrctnm is in the classically lorbalden regwo 
is F(r >2a)= [~|l»i,| ! «/V' = 4*J~|p’„|Vdr. The normalized wave function of tbe 1> state of hydrogen is given in 

1 -w. 


Example 41.3: y„{.r)=——e 
MJta 

P{,> 2a^ = 4»j , ' 


evaluate the integral: tlx integrand u the same as in Example 41.3. 


2 -1//J . 

rc dr 


EXEOJTI: 
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41.40. 


41.41. 


Use the integral locmula |* r V~dr = V* + . with a = 2/a. 


P(r>2a) = 


"7 


-l/U 






f(» > 2a) = 4e'*(l3/4) = 13^'*= 0.238. 

EVALUATE: Then: is a 23.8% probability of the electron being found in the clause ally foebidden region, where 
classically its kinetic energy would be negative. 

(a) Rie large values ofn. the inner electrons will conjiletely shield the nucleus, so = 1 and the ionization 
energy would h-11^. 


I.) 


13.60 eV 


• * = 1.1 lxicr eV. I m = (3501'a^ = (350) i (0.529xl0‘"' m) = 6.48<10‘* m 


1 = 1 . 

EXECUTE: 


(c) Similarly for n = 650. = 3.22x10^ eV. i m =(650)'(0.529xl0'" m) = 224x10'’ m. 

Vu{r)= T^7'' 1 - r *) e '* U 

(a) iDEVnrY anil SET UP: Let / = ^ dV = 4*J ^ f r*dr. If is normalized then we will find that 

u! 

Use the integral locmula | ^ xV dx - — j-p with a = 1/a 

' = j£r| 4<2 >< a , )-i < 3!Xa ) ‘-*^ r (4IXa > ’ ’i = i(8 - 24 + 24) = U this Vll is normalised. 

|b) SET Up: Rk a spherically symmetric stale such as the 2r. the probability that the electric will be found at 
r< 4a is P(r < 4.) = = Ag^y^Sdr. 

EXECUTE: P(r <4o) = _! t | c ‘ ,J ; | f ""dr 


Let P{,< 40) = ^/, +■/, + /,)■ 
f,=4j\V"\ir 

Use the integral formula lr‘e~”di = -e~" L. + l^+2-j with a = \la. 
1 = -4|e**"<r ! a ♦ 2 ra‘ + 2a 1 )f* = (-HMe - * ♦ 8)0’. 


4 r“ 1 




c dr 


Use the mtccral locmula JrV 


3 r 2 6r 6 


with (J = l/u. 


1, = -|e-"(f’<r * 3rV * 6ra’ ♦ 6a*)] J* = (568e-* - 24)a’. 
a 

Use Ihe integral locmula lr 4 e~**dr =-e~* ^+^ + 1^- + ^! + ^ with a = \/a. 
1 = --L-I (r 4 a + 4rV + 12/V ♦ 24ra 4 + 24a 5 )) J - = <-824e‘ 4 + 24)a\ 




41*8 Chapter 41 


41.42. 


41.43. 


41.44. 


41.45. 


41.46. 


Thus P(r = + + = 8-24 + 241 + ^(-104 +568 - 824D 

P(r < 4a) = 1(8 - 360c" 4 ) = 1 - 45c" 4 =0.176. 

Evaluate: There is an 82.4^ probability that the electron will be found at r > 4a. In the Bohr model the 
electron is lor certain al r=4ai this is a poor description of the radial probability distribution tor this state. 

(a) Since the given y(r) is real, r 1 1 v* f= rV 1 - The probability density will be an extreme when 

iL(rV 2 ) = 2| ry 1 + rV —— j = 2rpj y + r^j- ‘ = 0. This occurs at r = 0.a minimum, and when p = 0.also a 

minimum. A maximum must correspond to y ♦ = 0.Within a multiplicative constant. y{r) = (2 - r/n)e"' 2j . 

— = --(2 - rf 2 a)e"' ,lJ . and the coalition for a maximum is (2 - rfa) = (r/a) ( 2 -r 2 a).or r 1 -6 m + 4a 2 = 0 . 
dr a 

The solutions to the quadratic arc r = a(3± ^5). Hie ratio of the probability densities at these radii is 3.68. with 
the larger density at r = a(3 + J$) . 

(b) vv= 0 atr = 2 n 

Parts (a) and <b) arc consistent with figure 415 in the textbook; note the two relative maxima, one on exh side of 
the minimum of zero at r = 2 a. 

IDE.YTIFY: Use Figure 41.2 in the textbook to relate 0 t to L, and L cos^ = so 0 L = arccos ( ^ j 

(a) SET UP: The smallest angle (0 X ).* is for the stale with the largest L and the largest £,. “Ibis is the stale with 
/=n-l and m,=/ = n-l. 

EXECUTE: L = mft = (n - 1)/V 
L = N iY(/ + l)ft = N i(n-l)nft 


, (n-lVi («-1) 

=arvco«| —- = arccos --- 

^ J(#i-l)i»ft N <n-l)t*, 



= arccos<vt-l/n). 


Evaluate: Note that (0 t )^ appcoiKbcs (T as 

(b) SET UP: Tbc largest angle (0 t ) M is for f = n-l and m, =-/=-<n -1). 

Execute: a similar calculation to part (a) yields (0 t ) M - arccos(-vl-l//i) 

Evaluate: Note that (0 t ) M approsAes 18(7’ as «-»«>. 

(a) L\ * L\ = 1} - 2.J = /(/ + !)ft J - mfft 1 so ^l 7 ?TF = N i'/</ * 

(b> This is the magnitude of the component of angular momentum perpendicular to the r-axis. 

(c) The maximum value is ^/(/ + l)ft = L. when m, =0. Hut is. if the electron is known to have no-component 
of angular momentum, the angular momentum roust be perpendicular to the ^-axis. The minimum is Jtf\ when 
m, = ±/. 

^ =o “ h " v -T = *' = *’' to “" Bt * r 

model. r % = n*a so r 2 - 4a. which agrees. 

Ax 0 _500 m 

The time required to transit [be horizontal 50 cm region is t = — = —-- = 0.952 ms. The force required to 

deflect each spin component by 050 mm u F^=±m^ = ± ° 1079 ** ^ W50xl0^n, = 

7 . . -p- ' 6.022 x 1 ( 1 “ atonn mol <0.952x10"’»)‘ 

±1.98x10^ N. Acconhng to Eq.(41.22). the value of is l,i, 1 = 9.28x10"“ A m*. Ifaus. Ihc rc<|Uiic«l 
magnetic-field gradient is 


JB, 


F 

* 




1.98x10^ N 

= 9.28x10"- JT~ ' m 
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41.47. 


41.48. 


41.49. 


41.50. 


Decay from a 3J to 2 p slate in hydrogen means that n = 3 -»it = 2 and m, = ±2. ± 1.0 -♦ m, = ±1.0. However 
selectco rules limit the possibilities for decay. The eoutled pfciXoo carries off one unit of angular momentum so 
l must change by 1 and hence m, must change by 0 or ±1. The shill in the transition ewrgy from the zero field 

ef\B 

value is Just U - (m, t )u b B = ——). where m v is the Id m, value and m. ; is the 2pm, value. Thus 

there are only three different energy shifts. They and the transitions that have them, labeled by the m, names, are: 

— :2-»l. l-*0. 0-*-l 
2m 

0:1 -* L 0-*0. -l-»-l 

:0-*l -l-»0. -2 -*-l 
2m 

iDEvnrv: The preserve of an external magnetic field shills the energy level* up or down, dcpecxling upon the 
value of m, 

SET Up; The selection rules tell us that foe allowed transitions. Af = 1 and Am; = 0 or ± 1. 

Exxcun: <a)£ = hoa = (4.136x 10*” eV s X3.00 x 10‘m/sy(475.082 run) = 2.612 eV. 

lb) B»r allowed transitions. Af = 1 and Am, = 0 or ±1. For the 3<f state. n = 3.l = 2. and m, can have the values 2. 1. 

0. -1. -2. In the 2 p state, n = 2 ( = 1. raid mi can be 1.0. -1. The ref ore the 9 allowed transitions from the 3d stale 


in Ibc pceseoce of a magnetic field ice: 

/ = 2 . m, = 2 — / = 

1.^=1; 

/= 2 . m, = 1 — / = 

1.^ = 0 

/ = 2. m, = 1 —• f = 

1. m. = 1 

/ = 2 . m, = 0 — 1 = 

1.^ = 0 

/ = 2 . m, = 0 — 1 = 



/ = 2 . m, = 0 — /= l.m, = -l 
/ = 2. m, = -l — /= l.m, = 0 
/ = 2. m, = -l — l=l.m, = -I 
/ = 2. m, = -2 — l=l.m, = -l 

(c) A E = l i t B = <5.788 X 10 J eV/TK3 .500 T) = O.0CC2O3 eV 

So the energies of the new states are -8.50(00 eV * 0 and -8.50003 eV ± 0.000203 eV. giving energies of; 
-8.50020 eV. -8.5COCO eV. and -8.49980 eV 

(d) The energy dilferences of the allowed tranutions are equal to (he energy dillcrcnces if no magnetic field were 
present (2.61176 eV. from part (a)), and that value lA£ (0.000203 eV. from part (c)). There lore we get the 
following. 

For £ = 2.61176 eV; X = 475.082 rnn (which was given) 

For £=2.61176eV + 0.000203 eV = 2.611963 eV: 

X = hc/E = (4. 136 xl0~” eV • s M3.00 X 10* nV*V(2.611963 eV) = 475.045 nm 
For £ = 2.61176 eV - 0.000203 eV = 2.61156 eV: 

A = hc/E = (4.136 x 10" 15 eV • s X3 00 x 10* in'sV(2.61156 eV) = 475.119 nm 
EVALUATE: Even a strong magnetic field produces small changes in the energy levels, and hence in the 
wavelengths of the emitted light 

iDEvnrv: The preserve of an external magnetic field shills the energy levels up or down, dcperxling upon the 
value of m, 

SET Up: The energy difference due to the magnetic field is A£ = p»B and the energy of a photon is £ = hc/X 
Execute: Fur the p state, m, = 0 o* ±1. and for the > slate m, = 0. Between any two adjacent lines. A£ = p B B. 
Since the change in the wavelength (A4) is very small, the energy change (A£) is also very small, so we can use 

1 * = ^. 
fitX 

B = (4.136 x 10*” eV s)(3.00x 10 , m'sX0.O«62 nmV(5.788 X 1CT ! eVn>575.050 nm) 1 = 3.00 T 
Evaluate: Even a strong magnetic fiekl produces small changes in the energy levels, and hence in the 
wavelengths of the emitted lighl 
(a) The energy shift from zero field is A IT 0 =m ) il a B. 

Fee m, = 2 A </j = (2) (5.79X 10*’ e V,T> (1.40 T) = 1.62X lCT* eV. 

For m, = 1. AC/, = (1X5.79x10*’ eV;T) (1.40 T) = 8.11 x 10* 5 eV. 

(bHACfc^:^. where E^ =(13.6eVX(l/4)-(l/9)). ^ =|’^ ji=6.563xl0*’m 


differentials. £ = hc/X . I IEI=~tJX and A£ = . Since A£ = p«£. we get p,B = ^ ^ 

A A A 
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and A£ = 1.62x10"* eV-8.1 lxlO -5 cV = 8.09xl0“ 5 cV from part (a). Then. I Ail = 2.81xlO“ 41 m = 0.0281 nm . 
The wavelength corresponds Co a larger energy change, and sw the wavelength b smaller. 


> n ‘ _ 


41.51. iDELVnrY: He ratio according to tbe Boltzmann disttibuboo is given by Eq.(38.21): — = ***'*' . where 1 is 

the higher energy stale and 0 is tbe lower energy stale. 

SET Up: The interaction energy with the magnetic field is V = -fi t B = 2.CW232 — m,B (Example 41.5.). The 


energy of the m t =+- level is increased anJ the energy of the m, = level b decreased. 
jua _ 


EXECUTE: U lfi -U. lfi = 2.00232' — B -- ( =2.00232 — 5 = 2.00232/^5 


!!l£L = e 


(a) 5 = 5.00xlQ- 5 T 


= -a«cnr>.near* i>p muii ' 1 «i»kj 


i*. = *“•"* =0.99999978 = 1-2.2x10*’ 
n -ui 

(b) 8 = 5.00x10*’ T. -^ = e J ‘*"’' =0.9978 

n -oi 

(c) 8 = 5.00x10*’ T, = =0.978 


EVALUATE: For small fields the energy separation between tbe two spin stales b much less than kT for 
T = 300 K and tbe slates xe equally populated. f\>r B = 5.00 T tbe energy spacing is large enough for there to be 
a small excess of atoms in ihe lower slate. 

41.52. Using Eq.(41.4>, L = mvr = % //(/ + 1(A, and the Bohr radius from Eq.(38.15), we obtain the followmg value for v: 

V = &*§!. =- ^(6.63x10-" l l) — = 7.74 x 10 5 aft. The magnetic field gewraled by the 

m(n‘a t ) 2^(911x10*" kg) (4) <5-29x10*" m) 

-moving - priXoo at the electron* peuition can he calculated from Eq.(28.1): 

8 =i , !g l^#= — T . q.«.xlQ ,, ? p.74x^^>ti^o-> = 

4.t r ! (4)‘(5.29xlO-"m)‘ 

41.53. IDE-YTOV and SET UP: m. can take oo4 different values: m =--. -i. +1. + -. Each n/m. stale can have 4 

' 2 2 2 2 
electron*, each with one of tbe lota different m l value*. Apply the exclusion principle to determine the electron 
configuration*. 

EXECUTE: (a) Foe a filled n = 1 shell, the electron configuration would be li”; lour electron* and Z = 4. For a 
filled n = 2 *bell. the electron configuration would be lr‘2i‘2p u ; twenty electron* and Z = 20. 

(b) Sodium ha* Z = 11; II eleclrcm*. The gnxmd-*tate electron configuration would be li'2i'2p'. 

Evaluate: Tbe chemical propertie* o! each element would be very dillerent. 

41.54. (a) Z‘ (-13.6eV) = (7)’(-13.6eV) = -666eV. 

<b» The negative ol the result of part (a). 666 eV. 

(c) The radiu* ol tbe grourxl stale orbit is inversely (eopurtiooal to the nuclear charge, and 
“ =<0.529x10*" m)/7 = 7.56x10*" m 




1 _ 1 
r y 


. where £ is the energy found in part <b). and X = 2.49 nm. 
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41.55. 


41.56. 


41.57. 


(a) Identify aixl SET UP: The energy of (he photon equals the transition energy* of the alum; A£ - he/A. The 
energ*s of Ibc states arc given by EqX41.3). 

13.60 cV 13.60 eV 13.60 eV 


EXECUTE: £ = 


«. £,=- 


*> = - 


1 3 

AE = £.-£,= 13.60 eV| -- +1 ; = -0 3.60 eV) = 10.20 eV = (10.20 eVM 1.602 x 10* 1 * J/eV) = 1.634 x 10'" J 

^ j 6 . 626 ,iq-“ ^q^x.o* ■*> = ,^ x|0 -, m=|22mn 
AE 1.634x10*“ J 

(b) iDEVnr* anil SET Up: Calculate the change in A£ due to the cubital magnetic interaction energy. 
Eq.(41.17>. and relate this to the shift A2 in the photon wavelength. 

KXEC11E: The shift ol a level due to the energy o(interaction with the magnetic field in the .--direction is 
V = The ground state has m, = 0 so is unaffected by the magnetic field. The n = 2 initial state has 

m, = -l so its energy is shifted downward an amount U=m,u a B = (-1X9.274x10*“ ,Vm‘)(220 T) = 
(-2.010x10*" JK1 eV/1.602x10*“ J) = 1273x10** eV 

Note that the shift in energy due to the magnetic field is a very small fraction ol the 102 eV transition energy. 
Problem 39.56c shows that in this situation |A2/2|= [A£/£|. This gives 

|A2|=2|AE/£| = 122nm = 1.52x10*’ nm = 1.52pm. 

EVALUATE: The upper level in the transilioo is lowered in energy so the transition energy is decreased. A smaller 
A£ means a larger A: the magnetic field increases the wavelength. The Irrational shift in wavelength. A At A is 
small, coly 12 x 10 *’. 

The effective Held is that which gives rise to the observed dillerence in the energy level transition. 
p _A£_hc. 2,-2, _ 2x»n< A,-A, 

^ ' I V.J 

than that for sodium. 

iDEVnrY: Estimate the alomic transition energy and use Eq.(38.6) to refcile this to the photon wavelength. 

(a) SET UP: vanadium. Z = 23 

mimuxim wave length ; corresponds to largest transition energy 

EXECUTE: The highest occupkd shell is the .V shell (n = 4). The highest energy transition is jV -* A', with 
transition energy AE = E M - £ £ . Since the shell energies scale like 1/n 1 neglect E K relative to E g . so 
AE = E k =(Z- 1) 2 (13.6 cV) = (23-l) a (l36 eV) = 6.582xl0*eV = 1.055x 10“ 15 J. The energy of the emitted 
photon equals this transition energy, so the photon’s wavelength is given by A E = he/A so A = he/AE. 

(6626X10'* J SX2.998X10 1 m/s) 


Substitution of numencal values gives B - 3.64x1 O'* T. much smaller 


A = 


= 1.58x10 m = 0.158 am. 


1.055 x 10 J 

SET Up: maximum wavelength ; corresponds to smallest transition energy, so for the K a transition 
EXECUTE: The frequency of the photon emitted in this transition is given by Moseley's law (Eq.41.29): 

/=(2.48X10 15 HxXZ-l) 1 =(2.48x10" HzX23-l) J =1.200xitf* Hz 

^=c = 2.998, | 0'n,'=2s 0 x,o^m=Q250,m 

/ 1200X10“ Hr 
(b) rhenium. Z=45 

Apply Ibe analyii* o( part (a). Ju.l wilh this different value of Z 
minimum wavelength 

A£ = £, = (Z - 1)'(13.6 eV) = (45 -1)’(13.6 eV) = 2.633X 10* eV = 4218x 10*“ J. 

1 = b c /A£ = ^ X l^^ X y i ^ = 4.71x| 0 -“m = 0.0«7,^ 

4.218X10’ 15 J 

maximum wavelength 

/ =(2.4Sxl0 15 Hz)(Z- \) 2 ss(2.48X 10 s5 HzX45-l) a =4.801x10" Hz 

2 = 1= 2 - Wg * li ;. B * = 624X10*" m = 0.0624 nm 

/ 4.801x10" Hz 

Evaluate: Our cakulated wavelengths have values corresponding to x ray*. The transition energies increase 
when Z increases and the pbjlon wavelengths decrease. 
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41.58. 


41.59. 


41.60. 


41.61. 


41.62. 


(a) AE =<2.00232) JLbaS,~ — B = = 

(b> a= 2 ' (9lul0 ^-, <3OO> 5 ID ' ) = 0 . 3O7T . 
(0.0350 raWlbOxlO*" C) 


(a) To calculate the total number <rf statei (or the n“ pnncipal quantum number Aell »e mutf multiply all the 
posMbtlities. Hie spin states multiply everything by 2. The maxumim / value is (n -1). am! each / value has 
<2/ * 1)01, value*. So the total number erf states it 

N = 2Y (2/ * 1) = 2Y1 + AT I = 2n + = 2n -► 2n’ - 2n = 2« J . 


(b> The n = 5 shell (O-shcU) has 50 stales. 
iDEVnrY: We treat the Earth as an electron 

SET Ur: The intrinsic spin angular momentum of an electron is 5 
spinning Earth is S = Ia>, v%bcre / = 2/5 m/T. 

EXECUTE: (a) Using S =I&= h and solving for Ogives 

Jjfl.OSSxKT 44 J-t) 


= \4*’ 


and the angular momentum of the 


mR 2 -(5.97x10* kg)(6J8xl(/ m 


= 9.40x10“” raVs 


(b> We could not use this approach on the electron becat»e m cranium phvaics w* do not view it in the classical 
sense as a spinning ball. 

Evaluate: The angular velocity we base just calculated for the Earth would certainly be masked by its present 
angular spin ol ooc revolution per dav. 


L , 


The potential U(x) = -kx is that of a simple harmonic oscillator. Treated quantum mechanically (see bcction 40.4) 


i rrgy state has eoergy £. = Ao> (n + J). Since electrons obey the exclusion priixipk. this alkiws us lo put tnv 
electrons (one for each m, = ±j) for every value of n —each quantum state is then defined by the ordered pair of 
quantum numbers (n. mX Bv pUhng two electrons in each energy level the lowest energy is then 


ha[N 1 -N + N]=htoN‘ =W‘K. 


<.V-1)(iV) iV 
2 2 


Here we u*ed Ibe hint from Problem 41.59 io <io Ibe first sum. realizing that the first value of n is zero anil the I an 
value orf n i* V - 1. giving u* a total of S energy levels filled. 

la) Apply Coulomb's h» to the cebitlng electron and set it eijial to the centripetal force. There i* an attractive 

(+2e)(-e) . 1-eK-e) 


force with charge +2e a distance r away and a repulsive lone a distance 2r away. So. 


V 4.Tc,(2r)‘ 




But. lrom the ouantizotiem of angular momentum in the first Bohr orbit L = mvr = ft ^ v = —. 


-2e* e 1 

4’V‘ 


-7e J __4.r«y 


r = 1; I = y <% = 1(0.529x10^’ m) = 3.02 x 10*" m 

-ft 7 ft 7 <1.054X10*“ I s) . , 

And v = — =-=-„- —j .— = 3.83x10* m/s 

mi 4ma, 4 (9.11x10*" kgK0329xl0' it m) 


(b) E=2| mv‘ | = 9.11xl0' ,, kg(3.83xl0‘m,'sr =1.34xl0* 1 ’ J=83.5eV. 
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41.63. 


(c)f/ = 2±!. ( ** =—+ _ = lL jL'' = -2.67X10-" l = -166.9 eV 

\**vl 4t 'o< 2 '» 4 *V *’^(2r) 2 4-- V 

(d> £_ = H-166.9 eV + 83.5 eV) - 83.4 eV. which b only off by about S% from tbc real value of 79.0 eV. 
<a) Tbc radius is inversely proportional to Z so the classical turning radius is 2a/Z. 

(b) The normalized wave function b v. (r) = ——!-e“* M and the probability of the electron being found 


outside the classical turning potnl is P = J ~ 4xr 2 <fr = - T * Y f ” ^ c^^dr. Making the change of variable 


u - Zr/a . dr = (a/Z)du changes the integral lo P = A |’ which is independent of Z The probability is 

that found in Problem 41.39. 0.238. independent of Z 




Molecules and Condensed Matter 


12.1. (a) £ Akt =>T= H= 2 <™* 10 ^ eVXl^xl'T-J/eV) = 6 , K 

2 3* 3(1.38xlO""J/K> 

2f4A».V)(.AOxlO-»J.-.V, = 

3(1.38x1: ''I K) 

(c) The thermal energy associated with room temperature (303 K) is much greater than (be bend energy ol lie. 
(calculated in part (a». so the typical collision at room temperature will be more than enough to break up Hej. 
However, the thermal energy at 3CD K is much lew than the bood energy of H,. so we would expect it to remain 
intact at room temperature. 

42.2. (a) V = — — — = -5.0 eV. 

4.O., r 

<b) -5.0 eV ♦ (4.3 eV - 3.5 eV) = —4.2 eV. 

42.3. iDEVnrYi The energy given to the photon comes from a transition between rotational Hates. 

SET Up: The rotational energy of a molecule is £ = HI +1)— and the energy of the photon is £ = hc/X. 

fcXECVTE: Use the energy formula, the energy difference between the / = 3 and I = 1 rotational levels of the 
* 2 

molecule is A£ = ^-|3(3 +1) -1(1 +1>) = ——. Since A£ = hc/X we get hc/Z • 5 ft* //. Solving for / gives 


5*j 5(l.055xl0' M J-s)(1.780 nm) „ , 

f= —= -!-:-= 4.981x10-" kg-rn 1 . 

2*c Is 3.00x10’ ta'sl 


... . . . , ,'14.981x10-° kg m I )(2J3xl0-*‘ kg + lWxHr* kg) 

Using / = "ir, . we can solve for i-: r. = |_^J!-11-= i--——-12-.-——-— 

V m y m u \ (2.33xl(T“kg)(l.67xl0- J 'kg) 

r 0 = 5.65 x l<r“ m 

EVALUATE: This separation is much smaller than the diameter of a typical atom and is not very realistic. But we 
are beating a hypothetical Nil molecule. 

42.4. The energy of the emitted photon is 1.01x10"’ eV.and so its frequency and wavelength are 

, £ (1.01Xl(r’eVX1.60xlO-" J.eV) , , c (300x10* ms) „ , 

h (6.63x10 I s) / (2.44x10 Hz) 

conesponds to that given fix a microwave oven. 

42.5. Let 1 refer to C and 2 to O. m =1.993x10-“ kg. m. =2.656x10"* kg. r. =0.1128 run. 


»=' m - r,= 0.0644 nm (carbon): r.= —3— r =0.0484 nm (oxygen) 

<b) ! = =1.45x10"“ kg m‘; yes. this agrees with Example 42.2. 

42.6. Each atom has a mass m and is at a distance Lil from the center, so the moment of inertia is 
2(mXL/2)' = ml} 2 = 2.21 x 10" 44 kg m'. 

42.7. IDENTIFY and SET UP: Set K = E^ Horn Ex a nyle 422. Use K -\Ud to waive for a and v = ita to solve for v. 
EXECUTE: (a) From Example 42.2. £, = 0.479 meV = 7.674xl0"“ I and / = 1.449x10"* kg m‘ 

K = iW and K = E gives (0= ,I2E,II = 1.03xl0 l! raiVs 
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42.8. 

42.9. 


42.10. 


42.11. 


(b) v, = rfi\ = <0.0644x10** mX1.03xi0 12 r*l/s) =66.3 m/s (carbon) 
v 2 = r J*i = (0.0484X1 O'* mXlXHxltf 1 rad/*) = 49.8 m/s (oxygen) 

(c) r = 2*/4>=6.10xKr 12 x 

EVALUATE: From l be information in Example 42.3 we can cakulate Ibc vibrational period lo be 
T = 2x/6>=2x y jm l fk r = 1.5xl0“ M x. The rotational motion is over an order o! magnitude slower than the 
vibrational motion. 


AE = ^ = h y Jk^r. and solving for k'. k'=\-j- } m , =205N/m. 

iDEVnrY and SET Ur: Ibc energy of a rotational level with quantum number / is E : = /(/ + l)ft*/2/ (Eq.(42.3)). 
/ = m,r 2 . with the reduced mass m, given by Eq.(42.4). Calculate / and A£ and then use A£ = he/A to find X. 
- -V", - m u m a _(1.17xl°-ksXl. 6 7xl°-k g ) ^ 


EXECUTE: (a) UL = 


m.+m. m. + fiu. 1.17x10““ kg + 1.67x10^ kg 


I= m y = (1.461xl0“ r kgX0.159xl0^ m) 1 =3.694x1O'* 7 kg m 2 

A£ 


= C «- £ « S4 ’ T Hi. kg^ =>^.0- 1=7.49X.0- ,V 


,b, •» -"*** 

Evaluate: LIH has a smaller reduced mass (han CO and X is Stxnewhal smaller here than Ibc A cakulated lor 
CO in Exarapte 42.2 

IDENTITY: The vibrational energy of the molecule is related to its force constant aod reduced mass, while the 
rotational energy depends on its moment ol inertia, which in turn depends on the reduced mats. 

SETUP: The vibrational energy is E, =| n+i n + i jft I— and the rotational energy is £,=/(/ + 1)-^. 


Execute: Fee a vibrational transition. we have A£, = ft |— . so we first need to find m,. The energy lot a 

V". 

• 2 7*2 

rotational transition is A E k = J—[2<2 +1) -1(1 +1)] =-Solving lor / and using the fact that / = m/ 0 \ we have 

2».i 

— . which gives 

21,‘ 2|l.055xl0*“ J-s)(6.583xl(r’‘eV-s) 

m,=-2— = - ---- - 2.0014 X 10'** kg 

, o AE a (0.8860X10* m) (8.841x10* eV) 

Now look at the vibrational tramition lo find the lorce constant. 

\ m * * (6-583xl0“ w cVx) 

EVALUATE: This would be a rather weak spring w the laboratory. 


z 


z 


z 
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42.12. IDE-Vnrv: Find A£ lot (he transition and compute A from A E=hclA. 

SETUP: From Eaample 42.2. £,=/</ +1)^_. with ■L = 0.2395xlO J eV. From Example 42.3. A£ = 0.2690 eV 

it the sp*ing between vibrational level*. Thus £. = (n ♦ with h(0= 0.2690 eV. By Eq.(42.9X 

kJ 

E = E. + £, = (a+/</ +1)—. 

EXECUTE: (»> n = 0 -»n = l and/ = l-*/ = 2 


.1 


For 11=0. / = !. E d =y/id>+ 2 — 


L 


For „ = !/ = 2. E,=4ft»+6| - 


n 1 


A£ = E / -^=ft®+4| — | = 0.2690eV + 4(0.2395x 10*’ eV) = 0.2700eV 

he , he (4.136X10" 15 «V *M2.998xl0 l taltj . 

= A£ to - -» -= 4.592x10“ 01 = 4.592^ 


n =0.1 = 2 E, =i'lflt+6| — |. 


For i. = U = LE,=ib»+2 — 


— = 0.2690 cV-4<0.2395x 10° eV) = 0.2680 eV 

A = — s (■> '-'6xlO-cV ,K1998x.O' gj) = 4 627xl<r . m = 462? 

A£ 0.2650 eV 

(c) n = 0 -»n = l and/ = 3—» / = 2 


n =0. / = 3. E ( =j/l©+12| 2- . 


Fo. n = L/ = 2.£,=4^ + 6ill 


A£ = £,-£, = hft)-6 —- =0.26«leV-6<0.2395xl0 J eV> = 02676eV 

, Ac (4.136xl0“ 15 eV-sX2.998xlO* m/t) . „„ 

,1 =-=-= 4.634x10“ m = 4.634 i/m 

A£ 0.2676 eV 

Evaluate: All three transitions are lot n = 0 n = 1. The spacing between vibrational levels is large* than the 
spacing between rotaticeial levels. so the diileierxe in A for the various rotational tr*i si lions is small. When the 
transition is to a larger /. A £ > hot and when the transition is to a smaller /. A£ < hot 

42.13. (a) IDENTIFY aod SET U>: Use m- Jk'lm, and >=2ttf to calculate The atomic masses are used in 

Eq.(42.4) to cakulale m,. 

Execute: / = = -L JH, so *' = «,< 2r/)‘ 

= 67>,0->) < 3..5x,0^g, =|S|6x|0 - al 

m,*nij mt+m, 1.67XW" kg + S.lSxlO - " kg 
*' = m ) (2«/)'=(1.586xl0' J ' kg)(2x1124x10“ Hrl)' =963 Wm 

(b) iDEVnrv and SET UP: The energy levels are given by Eq.(42.7). £, = (n + J)Afll= (n + ^)hf. since 
h(U- (A/2x>0* and (ai/2X) = /. The eoergy spacing between adjacent levels is 
A£ = £„,-£.=(»i*l + i-n-i>A/=h/. independentirf n. 
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42.14. 


42.15. 


42.16. 


42.17. 


42.18. 


42.19. 


42.20. 


EXECUTE: A£ = ty* =(6.626 x 10“* J*Xi.24x10* 110 = 8.22x10“* J = 0.513cV 
(c) iDEVnry 20(1 Set Up: The photon energy cquids tbc transition energy so Af = he Ik. 

Execute: hf^hetk *> /*=—= 2 ^ 8xl( ^ nl> * = 2.42x10** m = 2.42 /m\ 

/ 124x10 Hz 

EVALUATE: This photon is infrared. which is typical lor vibrational transitions. 

For an average spacing a. the density is /> = mja . where m is the average of tbc ionic masses, and aw 

- - - ■ M * m ‘ "*>■ 12 

(> (2.75x10 kg m ) 

mil a = 3.30 x 10“*° m = 0.330 nra. 

(b) The larger (higher atomic number) Soms have tbc larger spacing. 

iDEVnry and SET UP: Find the volume occupied by each atom. Tbc density is the average mass of Na and Cl 
divided by this volume. 

EXECUTE: Each atom occupies a cube with side length 0.282 ora. Therefore, the volume occupied by each atom 
is V = (0.282x10** m)* = 2.24x10“* ra\ In NaCl there are e<jual numbers of Na and Cl awns. »j the average 
mass o! the atoms in the crystal is m = +iwq) = 4(3.82x 10“* kg+5.89xl0“* kg) = 4.855x10“* kg 

The density then is f> = £ = ^xlO*^ = 2 l7xk * ftn ’- 

EVALUATE: The density o! water is 1.00x10' kg/m', so our result is reasonable. 

. he (6.63x10*“ J s)(3.COxlO , m.s| 

(a) As a photon. A = — = --.-2---- = 0.200 nm. 

£ (6.20X10’eV 1(1.60X10*“ 1/eV) 

(b> As a nutter wave, 


(6.63x10*“ J s) 

P v'2 mE (2(9.11x10*“ kg)(37.6eV)(l.60xl0*“ J/eV) 


a=A= * 


(c) As a matter wave, 


A = 


(6.63x10*“ J-s) 


v'2m£ ^2|l.67xlO* JI kg) (0.0205 eV)(l.60x10""7 


= 020 ) 


= 0.201 


IV 


iDEVnFV: The energy grp it the energy of the maximum-wavelength photon. 

SET Up: The energy difference is equal to the energy ol the photon, so A£ = hc/X. 

EXECUTE: (a) Using the photon wavelength to find the energy dillerence gives 

A£ = hc/A = (4.136x 10*“ eV-*X3.00x 10‘m/sV<l.l 1 x 10* 4 m)= 1.12eV 
(b) A wavelength ol 1.11 <im = 1110 nm is in the infrared, shorter than that ol visible light. 

Evaluate: Since visible photons have mote than enough energy to excite elections from the valence to the 
conduction band, visible light will he absorbed, which makes silicon rasauue. 


(a) — = 2.27x10* m = 227 nm, in the ultraviolet. 

A E 

(b) Visible light lacks enough eoergy Id excite the electrons into the ccoduction band. so visible tight paucs 
through the diamond u nabs orbed. 

(c) Impurities can lower the gap energy making it eas«r for the malenal to absorb shorter wavelength visible tight- 
This allows longer wavelength visible light to pass through, giving the itianxxxl color. 

_ he _ (6.63x10“* J $)Q.00x\(f m s) 

"T 9.31xl0’ u m 


= 2.14x10’” J = 1.34 Xltf cV . Sd the number of elections Out can be 


excited to the conductionband u n= * 1 L% - = 120 x 10 * electrons 


1.12cV 






A-.£ 
2 


so A = (2,'L )* 1 (assuming A Id be real positive). 
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42.21. 

42.22. 

42.23. 


42.24. 

42.25. 


Density of itale*: 


, F . (2Jn) V _ (2(9.11x10'” ktOr^l.OxlO* 4 m'XS.OcXT^(1.60x1 O'" J/eV)‘* 

S[ '~~ 27 P~ 2 ,*« 1 . 054 X 10 -I. S »' 

S(£j = (9-5x10*' states/J) (1.60x10*** J/eV) = 1.5x10“ stalea/eV. 

■_ = JlkT'm = 1.17X10 5 m/t . as found In Exanple 42.9. The equipurtibon theorem (toe* not hold fix the 


electron* at the lermi energy. Although these electrons are very energetic, they cannot low energy, unlike 
electrcm* in a free electron gas. 


(a) iBEMtn' arxl SET W: The three-dimensional Schrodlnger eouabon is ^ * tX. + 

2m dr dz 


+Ur = Ey 


(Bq.40.29>. Ixir free electrons. U =0. Evaluate d'y/dx 1 . d‘y/dy‘. and fy/dz 1 for y as given by Eq.(42.10). 
Pul the results into Eq.(40.20) and see il the equation is satisfied. 

U_:«.' 


Execute: 


u 






dV_ l".*')' 


^ = -i- - 


„ , n*fav ay ayi aV^y. . . (*?+«!+nf)*v 

TW “ e - -d,y*y + yrS Tf**+**» m -2mf?—* 

(*?+*?+nfhr*fi 2 

Thu equals £y. with £ =---,-. which is Eq.(42.11X 

EVALU ATE: y given by Eq.(42.10) is a solution U> Eq.(40.29X with £ as given by Eq.(42.11). 

(t>> iDEVnry and SET UP: Find the set of quantum numbers n t . n f . and n f that give the lowest three values of 
£. The degeneracy is the number of sets it,. n >f n, aixl m, that give the same £. 

Execute: Ground level : lowest £ so fi # = n y = n f = 1 and £ = __^.. No other combinaboo of fl f . and n f 
give* this same £. so the only degeoertty U the degeneracy of two due to spin. 

iHft 2 far 2 }* 2 

First exerted level : neat lower £ so toe n equals 2 aoJ the inhere equal 1. £ =(2* + 1 2 +l 2 ) 

There are three different s<U of n t . n f , n, values that give this £: 
n t = Zn, = 1 . n, =k n x =1 *, = 2.n, = 1 ; it, = 1 . n, = 1 . *, =2 

This gives a degeneracy of 3 so the total degeneracy, with t be factor of 2 from spin, is 6. 

Second excited level : next lower £ so two of n t . n >f #i, equal 2 and the other equals 1. 

There are different sets of n,. n,. it, values that give this E: 

", =Z ", =2. n, =1; n, =2. n, =L ", = 2; n, =L n, =2. n, =2. 

Thus, as for the lirsl excited level, the total degeneracy, including spin, a 6. 

Evaluate: The wavefunctson lor the 3-dimeusional bxix is a product of the wavefuneboos for a 1-dimensional 
box in the i. y. and z coordinates and the energy Is the sum of energies for three 1-dimensional boxes. All levels 
except for the ground level have a degeneracy greater than two. Coirpare to Ibc 3-dimensional isotropic harmonic 
oscillator treated in Problem 40.53. 

Eq<42.13) may be solved for n„ =(2m£) L! (Z-'iiz). and substituting this into Eq. (42.12). using L 1 -V . gives 
Eq.(42.14). 

(a) IDENTIFY arxl SET LY: The electron ccatribution U> the molar heat capacity at constant volume ol a metal is 

n-- v « r 


2h : 


EXECUTE: C = 


j^CUSlXlO' 22 J/KK300 K) D 


2(5.48 cVK 1.602x10"‘ J/cV) 


K = 0.0233£. 
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42.26. 


42.27. 


42.28. 


42.29. 


42.30. 


42.31. 


(b) Evaluate: The eketroa cootributioii iouod in pat (a) w 0.0233/? = 0.194 J/rool K. This is 
0.194/25.3 = 7.67 xlO* 0 = 0.767^* of the total C v . 

(c) Only a small fraction of C Y is clue to the elec trons. Most of C Y is due to the vibrational rootiem ol the ions. 


(a) Fnxn Eq. (42.22). £„ =-E v =1.94cV. 


(b> I 2EJm = 


<2(1.94 eV)(1.60X10* 1 * J «V) 


9.11x10 " kg 


= 8.25xl0’m, - s. 


iDEVnrV: Die probability is given by the Fermi-Dirac distribution. 

SET UP; The Fermi-Duac distribution is /(£) = . r _ fc ‘ ltT ^ [ . 

Execvte: We calculate the value of/(£>. wbeie £ = 8.520 eV. E, = 8500 eV. 

k= 1J8X 10*” I/K = 8.625 x l O'*' eV/K. and T= 20'C = 293 K. Ihe revolt is/(£) = 0.312 = 31.2*. 

Evaluate: Since the energy is close to the Fermi eoergy. the probability is quite high that the state is occupied 
by an electron. 

(a) See Example 42.10: The probabilities are 1.78x10*’. 2.37x10**. and 1.51x10**. 

lb) The Fenni distnbulnxi. Eq.<42.17). has the property that f{E r -E) = l-f(E) (see Problem (42.48)). and so 
the probability that a stale at the top of the valence band is occupied is the sanw m the probability that a state ol the 
bottom of the conduction bind is filled (this result depends on having the Fenni energy in the middle ol the gap). 

iDEYnrv: Use Bj.<42.17). /(£) = -Solve for £-£,. 


SETUP: e'** fcyo =_-l 

/(£) 

Die problem Males that /(£) = 4.4x10** foe £ at thr bottom ol the conduction band. 


Execvte: e 1 '*'"’ = - '-.1 = 2.272X10’. 

4.4 x HI* 

£-£ p = Wln(22?2xl0 , ) = (1.3807xl0* a J/TX3CDK)to(2.272xl0’) = 3.201xl(r* J=0.20eV 
£, = E - 0.20 eV; the Fermi level is 0.20 eV below the bottom ol the coodwtion band. 

Evaluate: Die eieigy gap between the Fermi level and IxiUom ol the corxluction band is large compared to 
*7*at T = 300 K and as a result /<£) issmall. 

lDE.vnr*: Die current depends on the voltage across the diode and its temperature, so the resistance also 
depends on these quantities. 

SET UP: Die current a l = /, (e“ tr - 1) and the resistance is R = V/l. 

, ,,, , „ V V _ , eV e<0.0850 V) 

Execvte: (a) Die resistance is £ = —=—.——-Die exponent is—= ---= 

I kT (8.625x10*’eV/K)(293 K) 


which gives £ =- 30.0 mV — _ 77 4 Q 

(0.750 mAlle* 1 "-!) 

EVALUATE: Reversing the voltage can make a considerable change in the resisunce ol a diode. 

iDEYTir* and SET Up: Die voltage-cunent relation is given by Eq.(42.23): / = /,(e , ‘" , -1). Use the current lot 

V =+15.0 mV to solve lot the constant /,. 

Execvte: (a) Find /.: V = +15.0xl0 J V gives / =9.25x10*’ A 

eV (1.602x10*“ C)(15.0xl0 J V) 

— — v. — OjmKJ 

kT (1.381x10“* 1/KX3CO K) 

,.=_4_ = l^lA=,.,77xl0-=11.77mA 
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42.32. 


42.33. 


42.34. 

42.35. 


Then can calculate / la V =10.0 mV: — = 0 -602 ’ 10~' J CXlOOxlO* 1 VI _ Q 3 , 67 

kT (1.381x10"" J/KK300 K) 

/ = !'{**'* -1) = (11.77 mAKr 0J#D -1) = 536 mA 

(b) ^ has llx same magnitude as m p«t (a) tut not V is negative %o ^ is negative. 

V =-15Q mV :^ = -0.580) ami / = l.(e‘ v,a — l) = <II-77 mAXf' 1 *‘-l) = -5.18 mA 

V =-10.0 mV = -0.3867 and l = l t (e* ,a -1) = (11.77 mAMf -0 *’-l) = -3.77 mA 

EVA1XATE: There is a directional asymmelry in Ihe currenl. with a lorward-bias voltage producing mo« current 
than a reverse-bias voltage of the same magnitude, hut the voltage is small enough for the asymmetry not he 
pronounced. Compare to Example 42.11. where more extreme voltages are considered, 
la) Solving Eq.(42.23) for the voltage as a function of current. 

V =—Ini —+.)= —ki i^ + i: = O.Q645V. 


e 3.60 xnA 


(b> Bum part (a). the quantity e* ** = 12 . 11 . s» far a revcrse-buB voltage of the sane magnitude. 


f=/Je-^-l) = / ; 


12.11 


-l ’ =-3.30 mA. 


iDEVnrY: IXiring the transition, the molecule emits a photon ol light having eoergy equal to the energy 
difference between the two vibraliimal states of the molecule. 


SET Up: The vibtabooal eoergy is £, = n ♦— \h 


KXECVTE: (a) The energy difference between lw<o adjacent energy stales is A£ = /l j—. and this is the energv of 




the photon, so A£ = hM Equaling these two expxessaims lor AE and solving for A: . we have kf = m t — j = 


Vo 

m., +m Q A 


he Ik 2 *c t . . . 

— =-= -— with the impropriate numbers gives us 

h ft k 


, (167x10-° kg)(2.656x10-“ kg) 
k ~ 1.67x10-" kg -.1656x10-* kg 


2tr(300xl0* m/s 

2.39x10-' in 


= 977 N/m 


|b)/= S = i^ = i 


m ll * m o 




(167x10-° kg1(2656x10-* kg) 


1.67X10 ° kg ^2656.10-kg „ 


977 N/m 


EVALUATE: The frequency is close to. but not quite in. Ihe visible range. 

I=^L = _^L = 7.14x10--kg ra J . 

A E 2.<‘c 

IDE-Vnr* and SET Up; Eq.(21.14) gives the electric dipole moment as p = qd . wbrrr the dipole coasists of 
charges Iq separated by distance d. 

EXECUTE: (a) Point charges *e and -<• separated by distance d. so 
p = rd = 0602x10*" 0(0.24x10-* m) = 3.8xl0"" C m 

(b, P = qd so , = £ = 3 O X, Q" C m = 1 .3x l0 -° C 
d 0.24x10-m 

(c) i = _E3xl0-C =0 .81 

e 1.602x10' C 
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,d,*=' = 1 ^ 12 ^ = 9.37x10"“ C 


d 0.16X1 
q 937x10"“ C 


i =-__ =0.058 

e 1.602X10"“ C 

EVALUATE: The fractional ionic character foe the boixl in HI is much leu than the fractional ionic character for 
the bond in NaCl. The bend in HI is mostly covalent and not very ionic. 

42.36. The electrical potential energy a U = -5.13 eV. and r =--L-— = 2.8x10"“ m. 


42.37. (a) IDENTIFY: £lNa)*-£(Cl) = £(Na*) + £(CO*U(/-). Solving for U(r) gives 
U(r) = -{ £(Na* >- £(Na)|+[£<C1) - £(Cl"». 

SET Up: (£(Na*)-£(Na)l is the iooiraboo energy of Na. the energy required to remove one electron, and is 
equal to 5.1 eV. |£(C1) - £(CT» it the electron affinity of Cl the magnitude of the decrease in energy when an 
election ii attached to a neutral Cl atom, and is equal to 3.6 eV. 

Execute: U = -5.1 e V . 3.6 eV = -1.5 eV = -2.4x 10'“ I. and=-2.4xlO"” J 

4 ' 1 o ' 

rJ J_^1*- = ,8.988X10- t'.^***'^'* 

4*<» . 2.4x10"“ S 24x 10 1 

r = 9.6X 10"“ m = 0.96 nm 

(b) ionization energy of K - 4.3 eV; electron affinity of Br = 3.5 eV 

Thus V = -4.3 eV + 3.5 eV = -0.8 eV = -1.28x10"“ J. and -——— = -1.28x10"" J 

4»q r 

r =j J_^ = (8.988X10- «-*/(?, 2 **™^ 

4»ij 1 . 28 x 10 "" 1 1 . 28 x 10 " 1 

r = 1 . 8 x 10 "® m = 1.8 nm 

Evaluate: K has a smaller tooizaboo energy than Na and the eketroo allinitie. of Cl and Br are very similar, 
so it takes lea. energy to make K*+Br" from K + Br than to make Na* * CT from Na ♦ CL Thus. the 
stabilization dutance is lager for KBr than for NaCl. 

42.38. The energies cone .pending to the observed wavelength, are 329xlQ- a J. 2.87x10"“ 1. 2.47x10"“ I. 

2.06x10"“ J and 1.65x10"“ J. The average spacing of the* energie. i. 0.410x10"“ J arxl the* are wen to 

conespond to Iran>iboo from level. 8. 7.6.5 and 4 to the respective ne«t lower levels. Then. — = 0.410x 10" 31 J. 

from which / =2.71x10"® kg m'. 

42.39. (a) IDENTIFY: The rotational energies of a molecule depend on its moment of inertia, which in turn depend, on 
the separation between the atom, in the molecule. 

Setup: Problem 42.38 give. / =271x10"*' kgm'./=«,r i . Calculate m, and solve for r. 

Execute: „ = kg 

m ,+iia 1.67x10“^ kg *f 5.81x10 kg 

.= [r an**"* -* mIMKf . „ =0 12 , „ 

ym, \ 1.623x10"“ kg 

Evaluate: This is a typical atomic separation lor a diatomic molecule: see Ecanple 42.2 for the cocre.ponding 
distance lor CO. 

<b) IDENTIFY: Earh tranulioo i. from the level / to the level 1-1. The rotabooal energie. are given by Eq.(42.3>. 
The transition energy is related to the photon wavelength by A £ = he/A. 

SET UP E, = l(l + W,‘/2l. so A£ = E, - E ,=[/(/ +1> -/(/ -1)|J !L = I L j. 

Execute: l(^) = ^ 

. 2xcl 2V<2.998X10- m/s)(2.71xl0"*’ kg m') _4.843xl0"* m 
~~hT~ (1.055X10-I-.M = J 
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42.40. 


42.41. 


Pur ^ = 60.4 inn. I = 


4.843x10"* m 

60.4x10* m 


_ , . 4.843x10* m _ 

fox X = 69.0 um. I - ---= 7. 

69.0x10* in 

_ , m . , 4.843X10* m , 

6 . 

- — 

- — 

Evaluate: In each ca» / is an integer. as it must be. 

(c) IDENTIFY mil Set Un Longest A inches smallest A£. and this is lor the tiansrbon from / = 1 to / = 0 . 

EXECUTE: A£ = f — =<1) (I 05S ‘ I ? . “ 1 ^ = 4.099x10— J 
1 / I 2.71x10"*’kg m‘ 

A = a/I) = 4 g Sxl0 - 4 m = 485//ra. 

A£ 4.099xl0“ a J 

EVALUATE: This is longer than any wavelengths in port (b). 

(d) iDEVTlfY: What changes is m ,. the reduced mass of the molecule. 

SETUP: The trumition energy is AE = /| y j and A£ = 5i. so ^ = <P«t(W). /=«,r\ so >1 is directly 

piupoftonl <o « . <<IICI1 = <<<DCI1 *o /((PCI) = ^<HCI) m,(Pq> 
n m,(HQ) m,(DCl) m,(HCl) 

Execute: He mass of a deuterium atom is approximately twice the mass of a hydrogen atom, so 

"d = 3.34x10— kg. 

^(Da,= JSBSg- = (3 - 34xl0 ^ ^5,81.10^kg) -3 , 5 8 x ,Q-g k, 

m D + m Q 3.34x10"^ kg + 5.81x10"* kg 

/ = 8 -* I = T,A = (60.4 //m)( 1.946) = 118 //m 
I = 7 -t / = 6; A = <69.0 //mX 1.946) = 134 fjm 
/ = 6—*/ = 5:^ = (80.4 //mX 1.946) = 156 //m 
I = 5 -* I = 4.A = (96.4 //m)( 1.946) = 188 //ra 
/ = 4->/ = 3; 2 =(120.4 //mX 1.946) = 234 //in 

EVALUATE: The moment of inertia increase. when H it replaced by D. to the transition energiesdecreave and 
the wavelength* increase. The larger the rotational inertia Ibe unaDer Ihe rotational energy for a given / (Eq.42.3). 

Prom Ibe revolt of Problem 42.11. the moment inertia of the nnleculc iv / = —= .^ .=6-43x10"** kg m* and 

A£ 4pc 6 


(rom Eq.(42.6) the separation iv r c = ,— = 0.193 nm. 

V™. 

(a) £, = iy = - ' l ' / —£ =0 (/ = 0 ).and there iv an additional multiplicative factor of 21 ♦ 1 bccauve for each I 

'tale there are really (21 + 1 ) m, -.tales with the same energy. SoHL = ( 2 / + |y* , W*ouaf) _ 

"o 

lb) r = 300 K./ = 1.449x10'*' kg m‘. 

(i) £.. =__= 7.67X10-J. 5-=_L^ltr^_ = 001g5 

M 2(1.449x10"^ kg m ) *7 (1.38x10 J/K)(300K) 

<2/ + l) = 3.so^ = (3)e AC ** 5 =2.95. 

"o 
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00 =, ,|1(2)<2 + n ._= 0.0556. 

kT 2(1.449x10 k$m 2 )(1.3Sxl(T^J K)(300K) 

(2/ + l) = S.so^=(S)<e- u “)=4.73. 


in E »> - 


m 


A a <10) (10+1) 


kT 2(1.449x10"" kg m‘) (1.38x10"” I K)(300K) 


= 1 . 02 . 


V«_ 


[21 + l) = 21.»o —i=== = <21) («• ) = 7.57. 


( . yl _ 6 a (20)(20+ 1 ) _ 

kT 11.449x10-" kg m*) (1.38XUp 1 K)(300K) 

(2/ + 1) = 41. jo ^■ = (4iy- ,B =0.838. 

(v( £U = _ '.‘(SOHSO+l) __ 

*r 2(1.449.10- kg m-) (1,38x 10* 1 K) (300 K> 

<2J +1) = 101. so ^i = (101k' 1 ‘ 1 = 5.69x10-*. 


(c) Then: is a competing effect between the (2/ ♦ 1) tenn aixl the decaying exponential. Tbe 21 * 1 term dominates 
lot snail /. while the exponential term dominates lor large I. 

42.42. (a) /„ = 1.449x10-* kg m’. 

jfltf + l) g <1-054x10-* Ts,‘(l,<l +» s? 67xl0 ^ , 

M 21 20.449x10" kg m-) M 

A E = 7.67x10"“ i = 4.79x10" eV. 

4-jl,<6*3x.O*3-.>(M0xH^) 

AE (7.67x10-*’J> 

(b» Let's compare the-value olkT when 7" = 20 K to that of A£ Ice the / = 1 -* I = 0 rotational transition 

kT = (1.38x10-" J/K) (20 K) = 2.76x10"" J. 

AE = 7.67xl0" a I (from part (a)). So— = 3.60. 


Therefcee. although T is quite small, there is still plenty of energy to excite CO molecules into the fust rotational 
level. This allows astronomers to detect the 2.59 mm wavelength radiation Irons sixb molecular clouds. 

42.43. iDEVnrv and SET UP: £, = /(/ ♦ IV:’ HI. so E, and the transition energy A E depend on /. Different isotopic 
molecules have different /. 

Execute: (.,Cakula*/(b. Ha“Cl m, = JOsSs-J 13 8I76 " I0 ~; ^5J0«xK^ kg 

3.8176X10"** kg*5.8068x10-“ kg 

1 =1^’ =<2303x10“ kg)(0.2361xl0* m)’ =1.284x10-“ kg m ! 

/ = 2 —»f = 1 transition 

A£ = gj -£;=(6-2)l'^i = ^= 2(l055Xi r LX = 1.734x,<r a 1 
' \2I J / 1.284x10" kg m‘ 

AE"=* so ^^.(6.626X10- , SX2.998,!./ = , J46x|p , - , I . 146em 

X A E 1.734X10"” J 

/ = 1 —» f = 0 transibun 

AE = £;-£,= (2-0) il; = £ = 1(1.734x10” J) = 8.67x10"“ J 

, he (6626x10"“ J s)(2.998xl0* nVs) , 
a = — =- 1 --= 2 . 2 y 1 cm 


EE 


8.67x10“* J 


(b) Calculate /for Na”CL ^ = 1( ^ = 2 .354xl0"* kg 

flfe+JMa 3.8176x10“* kg+ 6.1384x10"* kg 

/ =mr 2 =(2.354x10“* kgX0.2361XlO** m) 2 =1.312xl(r* kg-m 1 
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42.41. 


42.45. 


42.46. 


42.47. 


f = 2 —»/ = 1 tranutioo 

ae ,2^,2. | . | 55».0-- j ,,; =|697x1 q^ j 
/ 1.312x10 kg-m 2 

A = -^- = (6.626xl0~“ 1 s)(2.99Sx 10* ip 1 *) = ,.,7,x,iy* m =1.171 
A E 1.697x10" 1 

r =1 —♦/=c 


AE = — = -0.697x10'" J) =8.485x10'“ J 

fe a (6 ; g6xlg^J : »)awgxltf 

A E OssxhPI 

The differences In the wavelengths lar Ihe two isotopes are: 

/ = 2 —*/ = 1 transition: 1.171 cm-1.146 cm = 0.025 cm 
/ = 1 —*/ = 0 tmmtioa: 2.341 cm -2.291 cm = 0.050 an 

Evaluate: Replacing “Cl by ”C1 increases /. decreases A£ and increases A. The effect on A a small but 
measurable. 

The vibration frequency is. liom Eq.(42.8). / = ^ = 1.12xl0 M Hz. The fcece constant is 
tf = = 777 N/m. 

^ =l --4) '■JS=^ “K'lr 


£, = 1(1.054x 10-“ J • s) I 2(576 N , m ' =4.38x10"* J = 0274 eV. 

' 2 \tl.67x10-" kg 

This is much less than the bool energy. 

(a) The frequency is proportional to the reciprocal of tbc square root of the reduced mass, and in 
atomic masses, the frequency of the isotope with the ifculcnum atom is 


*1 tbc 


/=/« 


''(Hi+mr)' _,U+(»V^)' 


«V n D'(m B *m r )} I lt(m, m.) 

Using f t from Exercise 42.13 arxl the given masses. / = 8.99x10" Hz. 
iDEVnrv and SET Up: Use Eq.(42.6) to calculate I. The energy levels are given by Eq.(42.9). The transition 
energy A£ is related to the photon wavelength by A E = hclA. 

EXECUTE: („ n,=J^= ,167<l °;: W.x.O-kg,^^^ 
m„+m, 1.67x10-" kg + 2-llxlO-" kg 

I =m,r‘ =(1.657xl0" r kgMO.lOOxlO"* m)'=4.24x10^ kg m 1 
(b) The energy levels are E , =1(1*1)'. t- |+(n+i>ft|.£- (Eq.(42.9» 

£ = * =Z */ so £,=/</+i>;^1 ♦<■+•»/ 

(i) transition n = \-+n= 0 . / = 1 —>/ = 0 

AE=(2-«9(il| + a + i-iVif = ^+V 

A£ = — so ? - * c - h 

A ' A£ (FTiy*hf (6/2*/)+/ 

ft 1.055x10'“ J-j 


-—--=3.960x10" Hz 

2*/ 2*(4.24xl0-* 7 kg ra*) 

■- - 2.998X 10‘nvs _, , w 

(6/2*/) + / 3.960x10" Hz+6.93X10" Hz 
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42.48. 

42.49. 

42.50. 


41.51. 




it = 1 -» n = 0 . / = 2 -*/ = 1 


HE=(6-2)\ +hf=?L+hf 


x= 


c _ 2.998x10* ml% 

2(ft/2r/» + / 213.960x10" Hz) ♦6.93x10" Hz 
( 111 )transition n = 2 -»n = L/ = 2 -*/ = 3 


= 4.28 f/m 


AE=(6-12)I — \+hf = 


3/i 




c _ 2.998x10* tali - 4 K),,m 

~ -3(/.72s/| * / -3(3.960x10" Hx).-6.93x10" Hz ' ¥ 

Evaluate: The vibrational energy change for the it = 1 -» n = 0 transition is the wane as foe the n = 2 -*n = 1 
transition. The rotational energies are much smaller than the vlbrahooal energies, mi the wavelengths for all three 
ixanxiticas d'.ci* l diilcc much. 


\i ts 


The sum of the probabilities is /(£, + A£) + f(E, - A £) = 


Since potassium is a mrtal we approximate E. = E*. z: E r = 



= 1 . 


But the electron concentration n = — n = - ^ If = l.3iX 10 2 * elec 1 n»/m’ 

m 6.49x10““ kg 

= 3 - 1 ■’'(1.054 x 1 (T * 1 ■ s )• <1.31»10*.hi 1 )-' = 3 24xI0 -» j = 2 . 03 eV . 

^ 2(9.11.10-" kg) 

IDENTIFY: n»e only difference between the two isotopes is their mass. which will allect their reduced mass and 

hence then moment of inertia. 


SET Up: The rotational energy stales arc given by £ = /(/ +1)— and the reduced mass is given by if* = 

Fn^n^Xmi + mi). 

EXECUTE: (a) 11 we call m the mass of the H-alom. the mass of the deuterium atom is 2m and the reduced masses 
of the molecules are 

H 2 (hydrogen): m/H) = mmftm + m) = m/2 
D- (deuterium): m£D) = (2mX2mV(2m + 2m) = m 

Using / = nir ro 2 . the moments of inertia are /» = mr 3 2 /2 and I D = mrd 2 . The ratio of \be rotational energies is then 


™,(D) _ , "> _ fz 

1 . 1 (H) \m/2 -V_ 


Eo ~/(/ + l>(/. i /2/ D ) 


+ — j/l 

(b) The ratio of the vibrational energies is =-— 






Evaluate: The electrical force is the same for both molecules since both H and D have the same charge, so it is 
reasonable that the force constant would be the same for both of them. 

IDENTIFY and SET Up: Use the description of the bcc lattice in fig.42.12c in the textbook to calculate the 
number of atoms per unit cell and then the number of atoms per unit volume. 

Execute: (a) Each unit cell has ooc atom at its center and 8 atoms at its corners that are each shared by 8 other 
unit cells. So there »e 1 + 8/8 = 2 atoms per unit cell. 

— =-- r = 4.66x10* atoms/m 1 

V (035x10 m) 


2m \ V 

In this equation N/V is the number of free election* per m\ But the problem lays to assume one free electron per 
atom, so this is the same as n/V calculated in part (a). 
m = 9.109x10-" kg (the electron mass), mi £„ = 7-563x10"“ I = 4.7 eV 

Evaluate: Our result for metallic lithium is similar to that calculated for cooper in Example 42.8. 
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42.52. 


42.53. 


42.54. 


42.55. 


42.56. 


, % d __ 1 „ 4 1 o . , .. i SMxe. 

(a) —U =- r -8 A-t*. Setting this equal to zero when r = r. gives r 0 =-— 

dr 4x< 0 r r ae 


«*( i. v 


7'if' 


mil»o C/„ = —_ + J ^ A. , = *.</„=- 


= -126xir"l = -7.85 cV. 


(b) To remove a Na'CT Ion pair Hum Ihe crytfal require* 7.85 eV. When neutral Na anil Cl atom* are funned 
from Ibe Na'and Cl' atom* there i* a net releat* of energy -5.14 eV ♦ 3.61 eV = -I.53eV.ao the net energy 
required to remove a neutral Na. Cl pair from the cry Hal i* 7.85 eV -1.53 eV = 6.32 eV. 


(a) IDENTIFY ar»l SET CP: p = -—i. Relate E a to £„ and evaluate the derivative. 


Execute: £_ = NE m = 


IN 


3( 3 J ' , /r*' 


Irr. 


Iflia-ifl 


vV 


±4*2* N v '\--V ,n \*> p = 
<V ^ 2m J 1 3 

(b) A'/V -8.45x10“ m J 




Ifl 


_ - . a> »a* to be shown. 


76x10' 


(c) Evaluate: Normal atmospheric pressure is about 10 5 Pa. so these pressures are extremely large. The 
elec trons are held in the metal by the attractive force exerted on them by the copper ions. 

, vr . « „ A.,. 3*W fNp dD 15 3W 5 

(a) From Problem 42.53. p = 


5m 

. 5 3*W 


- .B = -V± = 
V I dV 


3 5m 

[8.45X 10 s *m*’)* 4 =6.33x10*’ Pa. 


(b> — = 8.45X10“ m J . B = _• 

V 3 5 m 

(c) =0.45. The topper ion* themarlves m ake up the remaining fraction. 

3*\t*V .'N, M 


=“lvj Ul " = l00 • 

^ r. *■*. *■**.,« 


t V) I <100)3’W lTO^W 3CO0..V 

(b) ^ m j = 5-06x 10~ l . Since the real concentration of electron* in topper i* le** than one part in KT'of the 
concentration where relativist effect* are important it U *afe to ignore relaliviatic effect* for mo*t Jppfccaiun*. 

(c) The number of election* it N = fr<2 * IQ . *8* _ 603x10’*. The concentration it 

N. 6.03x10” 


V :.T(6.00xl0' mj' 


‘ 1.99x10"* kg 

=6.66x10” m ’. 


(d) Comparing thi* to ibe reault from part (a) 6 66,10 111 - 403 M reladvirtic effect* will be very’ important 

1.67xlu m 


IDENTIFY: Ihe current through the diode ts related to the voltage moss it 
SET Up: The current through the diode is given by / = Mir - 1). 

EXECUTE: (a)The current through the resistor is (35.0 Vy(125fi) = 0.280 A = 280 mA. which is also the 
runcnl through the diode. This current is given by / = /* (e' v * r - 1). giving 280 mA = 0.625 mA(/ Mtr - 1) and 1 

, v * r *rhi449 (1.38x10““ J/K)(293 K)ln449 

(28(V0.625) = 449 = e™ Solving for V at T = 293 K gives V = —-1 2- 7 


1.60X10“** C 


0.154 V 

(b> R = V/J = (0.154 VV(0.280 A) = 0.551 « 

EVALUATE: At a different voltage, the diode would have dillcxent resistance. 
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42.57. 


42.58. 


u=J-Y™l=jL[zL+L- J_!_ + i-i|=-2Li 2-2_ j_i_ 

4*^ 4?<jl i r r + d r-d r d' 4?< | ', r J r + d r-d j 


M 


r+d r-d 


i.l i-l 


.i(,-! + £ + ... +1+ ! + £ .1,^1 

r r r r* r r 


4s<, d r‘ J 4.T< t r l 4j<*f’ 

<b, </=_Ly 1?,=Jl: zi-i + _L._L-i-l j= _*L| = 

4r<**7 ** 4?<,- d r r + d r-d r d 4 .t«o‘ d r r r j 


4xc,;d r 4.-^/' 4'<y 

If we ignore the potential energy involved In lonnlng each individual molecule. which Just involve* a dillerent 
choice for the zero of potential energy, then the answers are: 

-2p‘ 

(a) f/ =-- Tbe inter action is attractive. 

4r<,r 

+2 p 1 

(b) V = - r . The interaction is repulMve. 

4 V 


<*) 


Following the hint, k'dr - -J —1— — = Jr and /* j = h Jlk'fm = ft 1— — ~ = 

2^rJ V T ‘b" r « 


1.23x10-" I =0.77 eV. where (m/2) hai been used for the reduced mao. 

flat The reduced rami ii doubled, and the energy is reduced by a factor of <J2 to 054 eV. 




Nuclear Physics 



(a) £Si his 14 prole®* and 14 neutrons. 

(b) J?Rb has 37 protons and 48 neutrons. 

(c) T1 his 81 protons and 124 neutrons. 

(a) Using R = (l.2 fin )A l \ the ridai are roughly 3.6 fm. 5.3 fm. md 7.1 fm. 

(b) Using AxR 2 for each of the radii in part (i), the areas are 163 fro 2 .353 fm 2 aoJ 633 fro 2 . 

(c) ive* 195 fin 1 , 624 fm 1 and 1499 fm\ 

(d) The density is the saroe. since the volume and the mass arc both proportional to A: 2.3X10 17 kg/m 1 (see 
Example 43.1). 

(e) Dividing the result of part (d) by the mass of a nucleon, the number density is 0.14/fm 1 = 140x10* m . 
IDEVTIFY: Calculate the spin magnetic eoergy shift for each spin stale of the lr level. Calculate the energy 
splitting between these states and relate this to the frequency of the photons. 

SET Up: When the spin coxr*ooent is parallel to the liekl the interaction energy is V = -p,B. When the spin 
component is antiparallcl to the field the interaction energy is U = +//,&The transition energy lor a transition 
between these two stales is A£ = 2/i t B m where fi t - 2.7928//*. The transition energy is related to the photon 
frequency by &E = hf, so 2 p t B = hf. 

Execute: Hz> = 0.533T 

2 fl t 2(2.7928X5.05 lx 10" J? itV) 

EVALUATE: This magnetic field U easily achievable. Photons ol tin* Irequeucy have wavelength 
\ = df =13.2 m. These are radio wave*. 

(■) A* a Example 43.2. A£ = 2(1.9130X3.15245x10"* eV/TX2.30T) = 2.77x10"’eV. Since /tandSarein 
opposite directions lot a neutron, the antipirallel configuration is lower eneigy. Thu result is smaller than but 
comparable to that found in the eunple for protons. 

(b) / = =66.9MHx. >. = —= 4.48 m. 

iDEVnrV: Calculate the spin magnetic energy shift for each spin component. Calculate the energy splitting 
between these states and relate this to the frequency of the photons. 

(a) SETT Up: from Example 43.2. when the {-component of S (and /j) is parallel ks B. V = -1 //, IB = 

-27928 flB. When the .--component of S (and «) is antiparallel to B . U = -[«, IB = +2.7928//.B. The state 
with the proton spin component parallel to the field lies lower in energy. The energy difference between these two 
states is AE = 2(2.7928/r,B). 

Execute- if- y f - A£ - 2 < 2 - 79Z8 ^ |fl - 2(27928X5.031x10"” J/TK1.6S T) 

h h 6.626x10'* J ■ s 

/ =7.03xl0 T Hz = 7.03 MHz 

A c 2.998x10* m t% . ^ 

And then A = — = -,-= 4.26 m 

/ 7.03x10 Hz 

Evaluate: from Bgure 32.4 in the textbook, these radio waves. 


43-1 
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HI 






(b) SET UP: ftocn Eq*. (27.27) and (41.22) and Fig.41.14 m the textbook, the slate with the .r-cumpooent of 
fj parallel to tt has lower eoergy. But. xiicx the charge of the electron b negative, this is the slate with the 
electron spin cumpooenl anbparaDel to B.That is. for the m, = -l state lies lower is eoergy. 


EXBCXTTS: Fct (be m. = 


i **nlr. If = -K2.00232)j J- | +1 |fl =+^(2.00232)[ ~ fl =+*<2.002321,1,8. 


For the m j = state, t/ = -^(2.00232)/^5. Use energy' difference between these two stales is 
AE = (2.(X3232)// b B. 

AE = V so/ ,££ s 2 -” 232 ^ = T) = 4.62x!0» Hz = 46.2 GHz. And 
h h 6626X 1(T* J s 

4 g l,. 2 y; =649X10- m =6.49 nm 

/ 4.62x10" Hz 

Evaluate: Rom figure 32.4 in (be lex (book. these are microwaves. The inlaaction energy with the magnetic 
field is inversely proportional lo the nut of the pvticle. so it it lets for (he proton than for (he electron. The 
imalkr transition energy for (he pro(on producer a larger wavelength. 

(a) 146m,* 92m.-in,. =1.93 u 

(b) 1 . 80 x 1 ( 1 ’MeV 

(c) 7.56 MeV per nucleoo (using 931.5 MeV/u and 238 nucleons). 

lDE.vnr* and SET Lip; Ibe text calculates lhal (he binding energy of (he deuleron is 2.224 MeV. A photon (hal 
breaks Ibe deuleion up mto a proton and a neutron must have al lean (his much energy. 

E=!l« t A = — 

A E 


Execute; 


= (4.136X10- 1 ’ eV-,M2.998xlO* nVs) = „ 


= 0.5575 pm. 


2.224X10* eV 
Evacuate: This photon bis gamma-ray wavelength. 

IDENTIFY: Ibe binding energy of (he nucleus i* (he energy of its cocuiitueni particles minus Ibe energy of Ibe 
carbon -12 nucleus. 

SET Up: In lermt of (he matses of Ibe particles involved, (he binding enagy is 

E B = (6m,, * 6m. - nick 1 . 

Execute: (a) Using (he values from Table 43.2. we get 

£„= (6(1.007825 u)*6(1.0(®665 u)- 12.000000 u)K931.5 MeVAi) = 92.16 MeV 

(b) The binding enagy per nucleoo is (92.16 MeV>/(12 nucleons) = 7.680 MeV/nuclecm 

(c) The enagy of the C-12 nucleus is (12.0000 u)(931.5 MeV/U) =11178 MeV. Therefixe (he pacenl of (he mast 

92.16 MeV 


(ha( is binding eoagy n 


=0.8245*. 


11178 MeV 

Evaluate: Ibe binding enagy of 92.16 MeV bindt 12 nucleons. Ibe binding eoagy per nucleon, rather (han 
Just (he total binding enagy. is a belta iodkalor ol (he rtrength with which a nucleus is bound. 

Ideytifv: Conservation of energy (ells ut (hal (be initial enagy (pfxiton plus deutaon) is equal to (he eoagy 
alia (he tplil (kinetic energy plus energy of ibe polra and neutron). Thaefore (he kinetic enagy released is equal 
lo Ibe enagy of (he photon mm us (he binding eoagy of (he deuleron. 

SET Up: Ibe binding energy of a deulercm it 2.224 MeV and (be enagy of (he photon is E = he/A Kioetic 
enagy is K = V4mv* 

Execute: (a) The energy of (be pbiion is 

(6.626xl0'“J-s)(3.00xl0 , nVs) 

3.50x10*" m 


£ -t = 


= 5.68x10'" ]. 


The binding of (he deuteron is E B = 2224 MeV = 3.56x10'" I. Therefore (be kinetic energy 
is* = (5.68 - 3.56)Xl0'"j = 2.12 X 10'" J =1.32MeV. 



Evaluate: Coaddoable energy hat been released, became (be particle speedt are m die vicinity of (he tpeed of light 
43.10. (a) 7(m,*m J1 )-m M =0.112u. which is 105 MeV. oe 7.48 MeV pa nucleon. 

<b) Similarly. 2(m, *m.) -"i, = 0.03038 u = 28.3 MeV.or 7.07 MeV per nucleon, sligblly tower (compare (o 
figure 43.2 in (be (exlbook). 
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43.11. (a) IDENTITY: Find the energy equivalent of the mass (lelecl. 

SEI UP; A "B atom has 5 protons. 11-5 = 6 neutrons. and 5 electrons. The mass detect therefore la 
AM = 5m, +6m, +5m~M( jB) 

EXECUTE: AM =5(1.0072765 u) +6(1.0086649 u) +5(0.00)5485799 u)-U.CO930S u = 0.0S181 u. The energy 


equivalentis £, =(0.08181 u)(931.5 MeV7u> = 76.21 MeV. 

<b) iDEVTirY and SET UP: Eq.(43.U): £, =C,A-C,A 1, ’-C > Z(Z-l)/A k ’ , -C,<A-2Z)'/A 
The fitlh term Is zero since Z is odd but A’ is even. A = 11 and Z = 5. 

EXECUTE: E, =(15.75 MeV)(ll)-(17.80 MeV)(l 1)*’-(0.71CO MeV)5(4)/ll u ’-(23.69 MeVXll-10)'/ll. 
£, = +173.25 MeV - 88.04 MeV - 6.38 MeV - 2.15 MeV = 76.68 MeV 

The percentage difference between the calculaled and measured E ia ■ 6 ^ — 16,-1 — = 0.6*3 

” 7621 MeV 


EVA1XATE: Bq.(43.11) has a greater percentage rccuracy for “ Ni. The semi-empirical mass formula is more 
accurate for heavier nuclei. 

43.12. (a) 34m, +29 toj, -nt;, =34(1.008665) u +29(1.007825) u-62.929601 u =0.592 u. which is 551 MeV. 


ce 8.75 MeV per nucleon (using 931.5 MeV/u and 63 nucleons). 

(b) In Eq.(43.11), Z = 29 and N = 34. so the fifth term is zero. The predicted binding energy is 
£, = (15.75 MeV)(63)-(17.80MeV>(63)‘’-(0.7100MeV) <29K ~ 8> -(23.69MeV)—_ . 


£, = 556 MeV . The fifth term is zero since the number of neutrons is even while the number ot protons is odd. 
malting die pairing term zero. This result differs from the binding energy found from the mass deficit by 0.86“*. a 
very good agreement coreparable to that found in Example 43.4. 

43.13. IDENTIFY In each case determine how the decay changes A and Z of the nucleus. The /T and (T particles have 
charge but their nucleon number is A = 0 . 

(a) SET L>: a -decay. z increases by 2. A = A’ ♦ Z decreases by 4 (an a particle is a * He nucleus) 

Execute: "Pu-»jHe*“U 

(b) SET Lp /T decay: Z increases by L A = .V + Z remains the same (a /T particle is an electron. ,®e ) 
Execute: “Na-* ”e+“Mg 

(c) SET UP /T decay. Z decreases by L A = A' + Z remains the same (a /T particle a a positron, ,Je) 

Execute: ‘Jo -» ^e + ',’N 

EVALUATE: In each case the total charge and total number of nucleons for the decay products equals the charge 
and number of nucleons for the parent nucleus; these two quantities are conserved in the decay. 

43.14. (a) The energy released is the energy equivalent of m,-m. =8.40x10"* u. oc783keV. 


<b) m, >m,. and the decay is not possible. 

43.15. 1DE.YTIFY: The energy of the photon must be equal to the difference in energy of the two nuclear energy levels. 
SET Up: The energy difference is A£ = hc/A. 

In- (6.626xl(r M J-s)(3.00xl0 , m/s) „ 

Execute: A£ = _ = :-_-- = 8.015x10*' J = 0.0501 MeV 

A 0.0248x10* J 

EVALUATE: Since the wavelength of this photon is muc/i shorter than the wavelengths of visible light, its energy 
is much greater than visible-light photons which are fiequently emitted during electron transitions in atoms. This 
tells us that the energy difference between the nuclear shells is much greater than the energy difference between 
electron shells in atoms, meaning that nuclear energies are much greater than the energies of orbiting electrons. 

43.16. IDE-Vnrv: The energy released is equal to the mass defect of the initial and final nuclei. 

SET Up: The mass defect is equal to the ddlererxr between the initial and final masses of the constituent particles. 
Execute: (a) The mass defect is 238.050788 u - 234.043601 u - 4.0)2603 u = 0.004584 u. The energy released 
is (0.004584 UX931.5 MeV/u) = 4.270 MeV. 

(b) Take the ratio of the two kinetic energies, using the bet that K = p‘thn. 
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43.17. 

43.18. 

43.19. 

43.20. 

43.21. 

43.22. 

43.23. 

43.24. 


The kioetic energy of the TTi ix 


K n = —-—A\^=—<4.270McV) = 0.07176 MeV = 1.148 Xl0* 14 J 
234 + 4 238 


Solving fox v in the kinetic energy gives 




2(1.148x10-“ J) 


(234.043601)11.6605x10“*' kg 


= 2.431X10’ m/s 


Evaluate: As we can see by the ralio of kinetic energies In part (b). the alpha particle *111 have a much higher 
kinetic energy lhan the thorium. 

If /T decay of “C U possible. then »e are considering the decay “C -»“N */T. 

Am = M(“0-.M(‘!N)- m . 

Am = (14.003242 u - 6(0.000549 u)) - (14003074 u - 7(0.000549 u» — 0.0)05491 u 
Am = +1.68 x 10“* u. So E = <1.68 x 10“* uX931.5 MeV/u) = 0.156 Me'V = 156 keV 

(a) A proton change* to a neutron. so the emitted particle is a pocitron (/T). 

(b) The number of nucleons in the nucleiu decreases by 4 and the number of protons by 2. so the emitted particle is 
an alpha-particle. 

(c) A neutron changes to a proton, so the emitted particle i* an election (/T). 

(a) As in the example. (0.(00898 UX931.5 MeV/u) = 0.836 MeV. 

(b) 0.836 MeV -0.122 MeV -0.014 MeV = 0.700 MeV. 

(a) jj Sr -* fi- + JJX . X has 39 protons and (X) protons plus neutrons, so it must be " Y. 

(b) Use base 2 because we know the half life. A = ‘ and 0.01A, = A 0 2"’ 1 ' . 

r,,log 0.01 _ ( 28 yr)log 0 . 01 _ 
log 2 log 2 

iDEVnrv and SET Up: T ul = The mass of a single nucleus is 124m, = 2.07 x 10" 3 kg. 

|AV7 A/| = 0.350 Ci = 1.30x10“ Bq; |AA7A/| = i.V 

.. 6.13X10* 1 kg ~ , A.V/A/ 1.30x10“ Bu . 

Execute: N = -^- = 2.96x10**: 1 = -=-_l = 4.39xl(r“ »' 

2.07X10-* 5 kg .V 2.96X10* 1 

T ln =^£ = 1.58x10“ * = 5.01x10* yr 

Note that Eq<43.17)canbe written as follows: N = N i i" T “. Ibe amount of elapsed tame since the source was 
created is roughly 25 years. Thus, we expect the current activity to be .V = (5(XK> Ci)2^“ ”" DI m = 3600 Ci. The 

source is barely usable. Alternatively, we could calculate A =—— = 0.132(ye«s)“‘ and use the Eq. 43.17 directly 


to obtain the same answer. 

IDENTIFY and SET Up: As discussed m Section 43.4. the activity A = ^/V/dr] obeys the same decay equation as 
Eq. (43.17): A = A^'* 1 . For '*C. r ia = 5730 y and A = In2/7J,., so A = A t e“ fcs "' i : Calculate A at e«h t 
A c = 180.0 decayaJmin. 

Execute: (a) t = 1000 y. A = 159 decays/min 
lb) f = 50.000 y. A =0.43 decayvAnin 

Evaluate: Ibe time m part (b) is 8.73 half-lives, so the decay rate has decreased by a factor or (j) 1 ”. 
IDENTIFY and SET Up: The decay rale decreases by a factor of 2 in a time of one half-life. 

Execute: (a) 24 d is 3 Tui so the activity is (375 Bq)/(2‘) = 46.9 Bq 

(b) The activity is proportional to the number of radioactive nuclei, so the petcent is 17 0 641 = 36.2^ 

46.9 Bq 

(c) nl-bfie+'JJXe The nucleus JJ'Xe is produced. 

Evaluate: Both the activity and the number of radioactive nuclei present decrease by a factor of 2 in one half- 

life. 
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43.25. 

43.26. 


43.27. 

43.28. 


43.29. 


43.30. 

43.31. 


(a) JH + 

(b) AP = Nje~**,N = 0.1 OO.V, and .*. = (to 2)yT t (1 

0.100=*•*«*•; -f(hn2);*7J l2 = to (0.100); 2 =40.9 y 


(a) — = 500/iCi = <500xl0^K3.70xlC^ s“ 4 ) = 1.85xl0 7 decay*;* 

r _ to 2 . _ to 2 _ to 2 
^ _X-_- 


= 6.69*10"’a. 


r w 12d(86.400s.'d) 

— = >N—,N = ^ '" = ' *' 10 ’ = 2.77x10“nuclei. The mam o! this many 1,1 Ba nuclei is 

dl i 6.69*10" a 

m = 2.T7 * 10” nuclei x(l 31 * 1.66* 10"* 1 kg .'nucleus) = 6.0* 10" u kg = 6.0* If* g = 60 ng 
(b) A = \e'*. l;iCl = (500 M Cl)e' il . ln(U5O0) = -At. 

_h^ a MW f_id_| =10g 

A 6.69*10-»"‘ ' 86.400a 7 


-lltell.'K. 


(ln2W 


= lnM/A,>. 


A = V*=-V 

r :-_an2^ = -, |n2 K 40tf da>', = 2 S0 

54 ln(A A,) ln(3091 8318) 

— = AN. A = — = -Jill---= 1.36*10"" s" 1 . 

* T 1620 yr (3.15*10's/yr) 


W = lg: 


6 . 022 * 10 ° aloou 
2267 


= 2.665x10° 


jy 

— = AN = (2.66Sxl0 a M1.36*10"V l ) = 3.62*10“ decaytfs = 3.62*10*°Bq 
dt 

Convert to Ci: 3.62* 10* Bu -'-Hi- = 0.98Ci 

' 3.70*10“ Bq ' 

iDEVnrv and SET Lip; Calculate the number jV ol “c atoms in Ibe sample and then use Bq. (43.17> to lind the 
decay constant A. Bq. (43.18) then gives T vl . 

Execute: Had Ibe total number ol carbon atoms m the sample. 

n=m/M ; 

N„=nN,=mNJM =(12.0*10"’ kgX6.022xl0° alonWmolVI 12.011*10"’ kg/mol) 

N„ =6.016x10° atone, so (!.3*10" u )(6.016xl0 u ) = 7.82x!0" carboo-14 atoms 
AN/Af=—180 dccuysfaun = -3.00 decays/s 

AN/At = -AN; A = ~ AV/At = 3.836* U)" 11 s" 1 
N 

T ui = (b 2)1 A = 1.807* 10" s = 5730 y 

Evaluate: Tbe value we calculated agrees with ibe value given in Section 43.4. 

360x10*decays =4-I7 xI q, Bq = 1.13*10"’ Ci =0.113 ,Ci 
86.400 s 




(a) — =7.56*10" Bq = 7.56*10“ decays.'*. A = 


0.693 


0.693 


f.30.8 niin)(60 s nan) 


= 3.75*10"* a"'. 


N> = 


i I dl 


736*10" decays * „„ - 

=-—4— = 2 . 02 * 10 " nuclei 

3.75*10"* 
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43.32. 

43.33. 


43.34. 

43.35. 

43.36. 

43.37. 


43.38. 

43.39. 


(b) The number of nuclei left after one half-life i* = 1.01x10“ nuclei, and (he activity is half: 

= 3.78x10"decay*/*. 

(c) After three half lives (92.4 minutes) there is an eighth of the original amount so S = 2.53X10 14 nuclei. aoJ an 


eighth of the activity: 


The activity of the sample is 


= 9.45xlCT decays/s. 
3070 decays min 


(60 sec min) (0.500 kg) 

255 Bq .'kg (see Example 43.9). The age of the sairple is then / = 


= 102 Bq .'kg. *fcilc the activity of atmospheric carbon is 


In 002 255) 




4 1 . 21 x 10 — y 


iDEvnrv ami SEI Up; Rod A from ibe half-life and Ibe numba iV ol ntxlei liom ibe mass of one Bucko. and 
(he mass of Ibe simple. Then use Eq.(43.16) lo calculate IdN/dil. Ibe number of decay* per secood. 

EXECUTE: (a) I dN/dr 1= AN 

A = ™» = ____,1.715X10-.- 

T V1 (1.28x10 yK3.156xlO s/l y) 

The mass of 44 K atom is approximately 40 u. so the number of 44 K nuclei in the sample is 
N _ 1.63xlP~* Ig _ !.63x10— kg a2M4xl ^ 

40 u 400.66054x10— kg) 

Then ldV/At^ = (1.7l5xl0— »-X2.454xl0“) = 0.421 decay*/, 
lb) ldJV/drMO.421 decays/sXl Ci/(3.70xl0 lc decay*/*))=1.14x10-' Ci 

EVALUATE: The very .mail .ample .till contain, a very large number ol nuclei. But the hall life is very large, vo 
the decay rate i. small. 

(a) rem = radxRBE 200 = «(10) and x = 20rad. 

(b) 1 rad deposits 0.010 J/kg. so 20 rad depoul 0.20 J/kg . This radiation allects 25 g (0025 kg) of tissue. *i the 
total energy i> (0.025 kg)(0.20J/kg)=5.0xl0 J J = S.0mJ 

(c) Since RBE = 1 foe fi xtyt. so rem = rad. Therefore 20 rad = 20 rem. 

1 rad = 10- Gy. SO 1 Gy = 100 rad and Ibe doie was 500 rad. 

rem = (rad)IRBH) = <500 radX4.0) = 20CO rem. 1 Gy = 1 J;kg. to 5.0 J.kg. 

lDE.vnrv and SET Up; For x ray. RBE = 1 jo Ibe equivalent dose in Sv it the nine as Ibe abwrbed dose in J/kg. 
Execute: One whole-body .can delivers (75 kgX12xl0- JAg) =0.90 J. One chest x ray deliver. 

0.90 J 
.0x10- J 

IDE-Vtirv and Set Up: For x rays RBE ,1 and the equivalent (low equals the absotbed dose. 

Execute: (a) 175 krad = 175 krem = 1.75 kGy = 1.75 kSv 
0.75x10’ JAgX0.150kg) = 2.62x10* J 
(b) 175 krad = 1.75 kGy : (1.50X175 krad) = 262 krem = 2.62 kSv 
The energy deposited wuukl be 2.62X10 1 1. ibe nine as in (a). 

Evaluate: Ibe energy required to raise the temperature of 0.150 kg ol water 1 C is 628 J. arxl 2.62 xlO 1 J is 
lew than this. Ibe energy deposited cone .pond, to a very small amount of heating, 
la) 5.4 Sv (100 rem/Sv) = 540 rem 

(b) The RBE ol 1 gives an absorbed dure of 540 rad 

(c) The absorbed decue is 5.4 Gy. jo the total energy absorbed is (5.4 Gy) (65 kg) = 351 J. The energy required to 
raise the temperature of 65 kg by 0.010" C is (65 kg) <4190 J.kg • K) <0.01C’) = 3 kJ. 

la) We need to know bow many decays per second occur. 

0.693 0.693 


(5.0 kgX0.20xl0- J/kg) = 1.0x10- J . It takes 


= 900 chest x rays to deliver Ibe same total energy 


A = 


(12.3 y) (3.156x10’s. >') 


= 1.79x10 s . 


The number of tritium atoms is V c = — J— 


: (0.35C„<3.70..0-Bq C„ j7 2540x|0>> ^ 

’.79x10 "* 
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The numb™ of remaining nutlet afler one week is 

N = N J e- 1 '=(7.25xlO ,, V- n, ™ , ' ,, '" n,1 * ,,, “’=7.2462x10" nuclei. AN = N.,-N = 7.8 xlO 15 decays. Solhe 
energy absorbed is E^=AN £, = (7.8x 10 15 ) (5000 eV) <1.60x10'" J/eV)=6.24 J. The absorbed dote it 


(50kg) =0125, -' k * = 12 - 5 rad - Since RBE = 1. then the equivalent dene it 125 rem. 

(b) In Ihe decay, antinetrmos are alio emitted. Theie are not abttebed by the body, and to tome of the energy of 
the decay it lost (about 12 keV ). 

43.40. (0.72x10"* Ci)(3.7x10”Bq/Ci)(3.156x10’t) = 8.41x10" a particles. The abtorbeddoie is 

(1.4lx IT* 1 ) (4.0x li/'^eV ; I I.602XI0" 11 ! eV ) _ [ QgQy — |C g m) equivalent dtoe it (20) (1(B rad) = 21(0 rem. 

43.41. (a) IDENTIFY aixl SlT UP: Determine X by balancing the charge and nucleon number on Ihe two sick* of the 
rcactico equabuo. 

EXECUTE; XmuMhave .4 = 2 + 14-10 = 6 ai»d Z = 1 + 7-5 = 3. Thu>Xu ?Li udJ the tcuOiwi u 


'.HflN-ttUt'jB 

(b) iDEVnrv and SET Up: Calculate the malt decreaie arxl find in energy equivalent 

EXECUTE: Ihe neutral alornt on each vide of the reaction equation have a total of 8 electronv. to the electron 

maitev cancel when neutral atom masses are used. The neutral atom mavaet are found in Table 43.2. 

mata of ! ,H + ‘JN it 2.014102 u *14.003074 u = 16.017176 u 

mass of ‘Li + '| B is 6.015121 u +10.012937 u = 16.028058 u 

The mass increases. so energy iv abvorbed by the reunion. The Q value it 

06.017176 u -16.028058 UK931.5 MeV/u) =-10.14 MeV 

(c) iDEVnr* and SET Up: The available energy in the collision, the kinetic energy R„ in the center of mats 
reference frame, is related to Ihe kinetic energy K of the bombarding particle by Eq. (43.24). 

Execute: The kinetic energy that mutt be available to caute the reaction it 10.14 MeV. Thus 

A'j = 10.14 MeV. The mast .M of Ihe stationary target ("N) is M = 14 u. The mava m of the colliding particle 

({H) is 2 u. Then by Eq. (43.24) the minimum kinetic energy K that the $11 must have it 

*=( TT 1 i =( l ^ 1 ) <' 0M *'V, = 11.59 MeV 


EVALUATE: The projectile (Jli) is mixii lighter than the Uffgcl j N) so K is not much lager than K^. The K 


we haw calculated ct what is required to allow the mass increase. We would also need to check to see if at this 
energy t be projectile can overcome the Coulomb repulsion to get sufficiently close to the Urget nucleus for the 
reaction to occur. 

43.42. m ll|( -m IUt -*n jB = 197xlGT*ti. so the energy released is 18.4 MeV. 

43.43. iDEVnrr and SET UP: Determine X by balancing the charge and the nucleon number on the two sides of the 
reaction equabuo. 

Execute: X must have A = +2+9-4 = 7aodZ = +l + 4-2 = 3. Thus X is jLi and the reaction is 
; H.>=;u**H e 

(b) IDEVnrv and SET Up: Calculate the mass decrease arxl find its energy equivalent. 

Execute: If we use the neutral alcen masses then there are the tunc number of electrons (five) in the reactants 

as m the products. Their masses cancel, so we get the same mass defect whether we use nuclear masses or neutral 

atom masses. The neutral atoms masses are given m Table 43.2. 

jH-^Be has ma» 2014102 u +9.012182 u = 11.26284 u 

lU+jHe has mass 7016003 u + 4.002603 u = 11.0186(6 u 

The mass decrease is 11.026284 u -11.018606 u = 0.007678 u. 

This corresponds to si energy release of 0.007678 u(931.5 MeV/1 u) = 7.152 MeV. 

(e) IDEVnrv and SET UP: Estimate the threshold energy by calculating the Coulomb potential energy w hen the 
f H and $Be nuclei just touch. Obtain the niarlear radii from Eq. (43.1). 

Execute: The radius R„ of the $Be nucleus isR* =02x10*“ mlW) 1 " = 25x 10*“ m 
The radius £. of the $H nucleus is =02x10** mK2) ul =15x10** m 
The nuclei touch when their center-to-center separation is 
R = R_+R„ =4.0x10*” m. 
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43.44. 


43.45. 


43.46. 

43.47. 

43.48. 

43.49. 

43.50. 

43.51. 

43.52. 


The Coulomb potential energy of the two reacLint nuclei at this separation is 

fr - 1 1 **** 
r 4^<g r 

t/ = (S.wsxitfN • biVc 1 )- 4(1 602x10 c> - =14 MeV 

(4.0x10 mK1.602xl(T J/eV) 

This is an estimate of the threshold energy foe this reaction. 

Evaluate: The reaclioa releases energy but the total initial kineix; energy o! the reactants must be 1.4 McV in 
order for the reacting nuclei to get close enough to each other for the reacbon to occur. The nuclear force is slrcmg 
but is very short-range. 

IDENTIFY and SET LI: 0.7% of naturally occurring uranium is the isotope 115 U. The mass of ooc nucleus 
is about 235m f . 

Execute: (a)The number of fissions needed is - J -= 3.13x 10** . The mass of 




<200x10* eVXl.Wxl0‘ tv J/feV) 

C required is (3.13 x10*X235wl) = 1.23x10* kg. 


fcVAU-ATE: The calculation assumes 100^ conversion of fusion energy (o electrical energy. 

iDEVnrv anil SET He; Tbe energy released is (he energy equivalent o! (be mass decrease. 1 u is equivalent to 

931.5 MeV. The mass olcoc 05 U nucleus U 235m,. 

tXECVTE; (■) “U + ^n-»'“Ba-f "Kr»-3jn 

We can use atomic masses since the same number ol electrons are included on each title of (be reaction equation 
and the electron masses cancel. The mass decrease is 
A*f=-.(“U) + «(»-[-(-Ba) + m(;Kr) + 3m(> 

AM = 235.043930 u +1.0CS6649 u -143.922953 u - 88.917630 u - 3<1.0)86649 u) 

AM =0.1860 u. The energy released is (0.1860 UX931.5 MeVAi) = 173.3 McV . 

(b) The number o( 236 V nuclei m 1.00 g is 1 00x10 —= 2.55 X10 21 . The energy released 

ZmHL 

073.3 MeV/nucleusMZJSxlO 11 nuclei/g) =4.42x10° MeV/g . 

(a) SSi + y- ^Mg+JX. A » 24 = 28 so A = 4. Z + 12 = 14 so Z = 2. X is an apartide. 

(b) E =-dmc'= (23.985042 u+4.002603 u-27.976927 u) (931 j MeV, 'u» = 9.984 MeV 
The energy liberated will be 

M(jHe) ♦ M (Jlle)- Af (jBe) = (3.016029 u * 4.002603 u -7.016929 UM931.5 MeV.'u) = 1.586 MeV. 

(a) Z = 3 + 2-0 = 5 and 4 = 4 + 7-1 = 10. 

(b) Tbe nuclide is a boron nucleus, and -3.COX 10~* u, a*l so 2.79 MeV of energy is absorbed. 

Nuclei: JX'* -* +* He'* . Add the mass of Z electrons to each side and we fmd: 

Am = M (JX) - Af (J‘*Y) - M (jHe). where now we base the mass of the neutral aloens. So as long as the mass of 
the original neutral atom is greater than the sum of tbe neutral products masses, the decay can happen. 

defect is related to tbe change in the neutral atomic masses by 


reaction as 'X 


*Y + e-.The 


|m, -Zn. 1 -|m, -(Z + IK 1 -m. = (m, - m,\ 
where m, and m, are the masses as tabulated in. for instance. Table (432). 

i X'* -* I _^Y ,, ' 1> * » /«*. Adding <Z -1) electrons to both sides yields JX* -» 2 .fY + /1* . So in terms of masses: 
Am = Af(JX-)-M( M *Y) —m.=|.M(;x)-^)-M( M 'Y)-m.=.M(;x)-M(^Y)-2m..SolhedecaywiU 
occur as lung as tbe original wutral mass is greater than (he sum of tbe neutral product mass and two electim masses. 
IDEVnrv and SET HP: m = fiV. 1 gal = 3.788 L = 3.788x10-’m*. The mass of a “U nucleus is 235m,. 

1 MeV = 1.60x10-" J 

KXEtVTE: (a) For 1 gallon. m = r)V = (737 kg/tn’X3.788xlO-* m’)=2.79 kg = 2.79x10* g 


1.3x10* I,'gal 

229x1*7 


= 4.7x10* lie 
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(b) 1 g contains k i =255x10" nuclei 

(200 Me VVnuckusXl.60x10"° J/MeVX255xlO“ nuciei) = 8.2xl0” J/g 

(c) A mats ol 6ra produce* 26.7 MeV. 


(26.7 MeVX1.60xI0' J1 J/MeV) 


- 4.26x10“ J/kg = 4.26x10" J/g 


(d) The total energy available would be (1.99x10" kgX4.7x!0' J/Vg) =9.4x10'’ J 

power = so 1 = 2351 = 9 - 4xl ^ f =2.4X10" * = 7600 y, 
t power 3.86X1CT W 

Evaluate: If ihe mass of ibe sun were all peolon fuel, it would contain enough fuel to last 
4.3X10" j/g: aroxltf . 


(7600 >»)| ——r—s 

43.53. UUng Eq: (43.12): JM = ZM„ ♦ Vm, - E,/c‘ -> M(*Na) = 11M„ *13m. -f,/c‘ . 
But £, =(15.75 MeV)(24)-(17.80MeV)(24) u -(0.7100MeV) ( j*”If - 

(23.69 MeV) 124 ~^ 2<l 1)1 -(39 Me V)(24r° =198.31 MeV. 


M(/jNa) = 11(1.037825 u) +13(1 .008665 u>- M ^ V> = 23.9858 


_ 23.990963 - 23.9858 „„„ 

1 error =-X 100 = 0 . 022 *. 

23.990963 


If the binding energy term is neglected. M(*Na) = 24.1987 u led the percentage error would be 
24.1987 - 23.990963 


X100 = 0.87*. 


23.990963 


226 


43.54. The a-particle will have ol the released energy (see Example 43.5). —-01^1 = 
5.032X10' 1 u ur 4.69 MeV. 


43.55. (a) IDENTIFY and SET UP: The heavier nucleus will decay into Ibe lighter erne. 

Execute: f?Al wiU decay into ffMg. 

(b) iDEvnrv and SET UP: Determine the emitted panicle by balancing A and Z in the decay reaction. 

Execute: This give* “Al Mg +.? e. Ibe emitted particle must have charge +r and it* nucleon number 
mint be zero. Therefore, it i* a /T particle, a positron. 

(cl IDEvnrv and SET Up: Calculate the energy defect AM lor the reaction and find the energy equivalent of 
AM. Use the nuclear masse* for “ Al and “Mg. to avoid confusion in including the correct number of ekctrocu if 
neutral atom masses are used. 

Execute: Ibe nuclear mass for £ A1 is (“Al) = 24.990129 u -13(0.010548580 u) = 24.983297 u. 

The nuclear miss for gMgi»M_ (“Mg) = 24.985837 u-12(0.000548580 u) = 24.979254 u. 

The mass defect for Ibe reaction is 

AM =M„ (,“A1)-M„ (gMg)-M &«) = 24.983297 u - 24.979254 u-0.00)54858 u = 0.0)3494 u 
e = (AM )c‘ =0.003494 u (931.5 MeV/1 u)= 3.255 MeV 

EVALUATE: Ibe mass decreases in the decay and energy is released. Note: “ Al can also decay into 
“Mg by tbr election capture, 
n Al+_f e -*5 Mg 

The election in Ibe rextion is 20 orbital clcctrua m the neutral * Al atom. The muss defect can be calculated 
using the nuclear masses: 

A \1=M^ (J?Al)*fAf d,e)-Af^ (£ Mg )= 24.983287 u + 0.00054858 u-24.979254 u =0.004592 u. 

Q = (AAf ) a c a = (0.004592 uX931.5 MeV/1 u) = 4.277 MeV 
The mass decreases in the decay and energy is released. 




43-10 Chapter 43 


43.56. (a) ■m„„-m*. R -iH, u< =S.81xlO'’u.ceG = 5.41MeV. The energy of the alpha particle is (206.-210) limes this, 

or 5.30 MeV (see Example 43 .5). 

<b) "ijfj. _m j. k = -5.35xlO*’u <0. no the decay is not possible. 

(t) = -8.22xlO J u<0. so the decay It not possible. 


(d) so Ibe decay is not posable (see Problem (43.50)). 

(e) * 2m, >m^. so die decay is not possible (see Problem (43.51)). 

43.57. lDE.vnr* and SET LP: Die amount ol kinetic energy released is the energy equivalenl of the mass change in the 
decay, m, = 0.0305486 u and the atomic mass of “N is 14.003074 u. Ibe energy equivalent of 1 u is 
931.5 MeV. M C ha. ahaB-life of T„, =5730 >r = 1.81xl0" s. Ibe RBE lor an electron is 1.0. 

Execute: (a) “C -♦ e* + “N+it, 

(b) The mass decrease is AM =m(“C)-J m, + rn(*!N)J. Use nuclear masses, to avoid drlficulty in accounting for 
atomic electrons. The nuclear miss of “C is 14.C03242 u - 6m. = 13.999950 u . 

The nuclear mass of *?Nia 14.(03074 u-7m, =13.999234 u. 

AM =13.999950 u -13.999234 u -0.0(0549 u =167x10** u . The energy equivalent of AM a 0.156 MeV. 

(c) The mass of carbon is (0.18)(75 kg) = 13.5 kg . From Example 43.9. the Ktivity due to 1 g of carton in a 
living organism is 0.255 Bq. Ibe number o! decay/s due to 13.5 kg ol carbon is (13 5 x 10 , X0.255 Bq/g) = 

3.4x10 decays/s. 


(d) Each decay releases 0.156 MeV so 3.4x10* decays's releases 530 MeV/s = 8.5x10'" J/s. 


(e) The total energy absorbed in 1 yxis (8.5x10*" J/sX3.156xl0’ s) = 2.7xl0** J. Ibe absorbed dose is 

2.7x10** J 


75 kg 


= 3.6x10 I/kg = 36 fiGy = 3.6 nuad. With RBE = 1.0. the equivalent dose a 36 u Sv=3.6 mrem. 


43.58. lDE.vnr* and SET UP: m t = 264m < = 2.40 xlU*" kg. Ibe total energy ol the tw o photons equals the rest mass 
energy m, c 1 of the pico. 

EXECUTE: (a) E^=^n V ‘ =^(240x10*“ kgX3 00X10* m’s) 1 = 1.08x10*" J =67-5 MeV 
_ he , he 1.24x10** eV-rn . 

* \ 67.5x10“ eV 

These are gamma ray photons, so they have RBE = 1.0. 

(b) Each pion dehvets 2(1.08x10*" J) = 2.16xl0*“ J. 

The absorbed dose a 200 rad = 2.00 Gy = 2.CO I/kg. 

The energy deposited is (25x10** kgX2.00 I/kg)=0.050 J. 

The number of x° mesons needed is- "'T.* - -= 2.3x10* mesons. 

2 . 16 x 10 *“ 1 /nseson 

Evaluate: Note (hat charge a conserved in the decay since the pion is neutral. II the pton is initially at rest the 
photons must have equal momenta in opposite directions so the two photons have the same A and are emitted in 
opposite directions. The photons also have equal energies since they have the same momentum and E = pc. 

43.59. IDENTITY and Set Up: Find the energy equivalenl of the mast decrease. Part of the released energy appears as 
the emitted photon and the rest as kinetic energy of the electron. 

Execute: ‘JAu Hg + * e 

The mass change is 197.968225 u-197.966752 u = 1.473xl0** u 

(The neutral atom masses include 79 electrons before the decay and 80 electrons alter the decay. This ooe 
additional electron in the pwodtxts accounts correctly lor (be election emitted by the nucleus.) The total energy 
released in the decay is (1.473x10** UX931.5 MeVfu) = 1.372 MeV. This energy is divided between the energy of 


the emitted photon and the kinetic energy of the panicle. Thus the /T particle has kinetic energy equal to 
1.372 MeV -0.412 MeV =0.960 MeV. 

Evaluate: The emitted electron Is much lighter than the ‘JjHg nucleus, so the electron has almost all the final 
kinetic energy. The fmal kinetic energy ol the '“Hg nucleus is very small. 
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43.60. (See Problem(43.51)) -m,, t -2m. =1.03x10'’ u Decay isenergetically possible. 

43.61. Identify and SET UP: Tbe decay is energetically possible il (he total inass decreases. Determine Ihe nucleus 
produced by Ibe decay by balancing A and Zoo bulb Wide* of die equation. 'JN -*,fe+"C. To avoid confusion in 
including the correct number ol electron* with neutral atom masse*. use nuclear masses. obtained by subtracting 
the nasi of the atomic election* from Ibe neutral atom masses. 

Execute: The nuclear mas* for “N i* M. (Vs) = 13.(05739 u - 7(0.00054858 u) = 13.001899 u. 


The nuclear hum for 'JC i* (',’C) = 13.003355 u - 6(0.00054858 u) = 13.0X064 u. 

The mas* defect for the reaction i* 

Aif =M_ (“C)-J#0). A.W =13.001899 u-13.000064 u-0.0(054858 u =0.001286 u. 

EVALUATE: The mas decrease* in the decay, so energy i* released. This decay is energetically possible. 

43.62. (a) A least-square* fit to log ol tbe activity vt time gives a slope of A = 0.5995 h" 1 . for a half-tile of = 1.16 h. 


(b,The initial activity is . and Uu* gives 
(c) Akr"** = 1 . 81 x 10 *. 


43.63. The activity A(r) - 


—! but ) = -W(t) so -).N 0 = A, . Taking the derivative of 

dt dt 


m=Ns 




^=-ur/*=V~" • « M0 =V" 


43.64 


43.65 


43.66* 


43.67* 


from Eq.43.17 iV(r) = but NjT* = 






= =N c \f" u> | . So N(iy 


=,(if 


ft — 


(We have used that aln* = to(«'X e* =(e‘)‘. and e“' =».) 

IDENTIFY and SET UP: One-half of the sample decays in a time of Tli. 


Emm 


. 10 x 10 * yi 
a -:— = 5.0x10* 


200.000 yT 

(b) (jl 5 ’" 1 '. This exponent is too large for most hand-held calculators. But (j) = 10"*’" so 

(tf*"' =(io- , -') ,fcU ' =io-"** 

IDENTIFY and SET Up: 7;,j = . The mass of a single nucleus is 149m, = 2.49xl<r a kg . AiV/Af = -AH . 

120X10- 1 kg 


EXECUTE: H = 


2.49X10"' 5 kg 


= 4.82X10“. AW/Ai =-2.65 decays/* 


A = - 


AV/Ar 2.65 decays/* 


= 5.50x10"“ »-*; 7; 


= ^ = 1-26x10° > = 3.99X10“ yr 


iV 4.82x10“ . . 

IDE-Vnrv: Use Eq. (43.17) to relate the initial number of radioactive nuclei. V c . to the number. N. left after time I. 
SET Up: We have to be careful; after 17 Rb has undergone radioactive decay it is no longer a rubidium atom. Let 
N a be the number of 15 Rb atoms; thi* number doesn't change. Let A', be tbe number of " Rb atom* oo earth 
when Ibe solar system was formed. Let V be tbe present number of *'Rb atoms. 

Execute; The present measurements say that 0.2783 = iV/(iV + H„). 

<A> * V,,)(0.2783) = S. so N = 0.3856W„. The percentage we are asked to calculate it A' 0 /(V C + A'„). 

N and iV, are related by N = N t e~ h «> -V c = r’“N. 

A' 0 _ Ne* _ (0J855e*)N„ _ 0.3856e u 

JC, (0.3856 r -)N., 


am 


V.. Nc 


f = 4.6x!0 > y; 


5.693 


5.693 


T l& 4.75x10** y 
* _ y'iucat » _ o»u = . 


N u 0 . 3856 ** 
= 1.459x10^* y l 


.0594 
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DM 


O0. 


IBM 


(0.3856X1.0694) 


= 29.2%. 


S 0 + N u (0.3856X1 -0694) ♦1 

EYALU4T1: The half-life foe 17 Rb is a factor of 10 larger than the age of the solar system. so only a small 
fraction of the ,? Rb nuclei initially present have decayed; the percentage of rubidium atoms that arc radioactive is 
only a bit leas now than it was when the solar system was formed. 

(a) (6.25xlO l2 )(4.77xl0 4 Me V)(l.602x10“” J/eV)/(70.0 kg) = 0.0682 Gy = 0.682 rad 

(b) (20)(6.82 rad )= 136 rem 


(c) NA = 




W2> 


=1.17x10® Ba =31.6 mCi 


[« 


Am, 

6.25x10" 
1.17X10® B 


sS.MxlO 1 *. about an hour and a hall. Note that this time Is %o small in cunmarlsoo with Ibe 


half-lKe that the decteate in activity ol the source may be neglected. 

iDEVnrv and SET Lip; Find the energy emitted and the energy absorbed each second. Convert the absorbed 
energy to absorbed Aise and to equivalent dose. 

EXECUTE: (a) First find the number ol decays each second: 

2.6X10- Cl[l- 70 ' 1 ^ a >^ |= 9 6x,0‘ decay*. 

The average energy per decay is 1 25 MeV. and one-hall o! this energy is deposited In the tumuc. The energy 
delivered to the tumor per second then Is 

^(9.6x10* decay*sX 1.25x10’ eV/decayM1.602xl0‘" I/eV) =9.6x10* J/t. 

(b) The absorbed dose is the energy absorbed divided by the mass ol the tissue. 

l 'o5(IOkg / ' =* 1 -9x | °~’ 1/kg sXl rad/10.01 J/kg)) = 1.9x10- rad/s 

(c) equivalent dose (REM) = RBE x absorbed dose (rad) 

In one second the equivalent dose is 0.70(1.9x10- rad) = 13x10- rem 

(d) (200 rem/1.3x 10- renVs) = 1/5x10® s(l h/3600 s) = 420 h = 17 days. 

EVACUATE: The activity ol the source is small so that absorbed energy per second is small and it tales several 
days lor an equivalent dose ol 200 rent to be absorbed by the tumor. A 200 rem dose equals 2.00 Sv and this is 
large enough to damage the tissue ol the tumoe. 


43.70. (a) Alter 4.0 mm = 240 s. Ibe ratio ol Ibe number ol nuclei is 


2 ^ 


= 2 


= 124. 


(b) After 15.0mil = 900 kite ratio b 7.15 xlO 7 . 

43.71. iDEVnrY and SET IIP: The number of radioactive nuclei left after time t b given by AT = iV & e 
say* A US 0 = 0 . 21 : solve for I. 

Execute: 0 . 2 i = e“* soln( 0 . 21 ) = -& aDd/ = -ln( 0 . 2 iy^ 


The problem 


Example 43.9 give* >1 = 1.209x10^ y“* for M C. Thus f = ■ = 1.3x10* y. 

Evaluate: The half-life of l4 C is 5730 y. so our calculated / is more than two half-lives, so the fraction 
remaining is lew than (J) 1 = J. 

43.72. IDEVTITY: The tnlium (H-3) decays to He-3. IT* ratio of the number of He-3 atoms to H-3 atoms allows us to 
calculate the time since the decay began, which is when the H-3 was feemed by the nuclear explosion. The H-3 
decay b exponential. 

SET Up: IT* number of tritium (H-3) nuclei decreases exponentially as A r | = jV,. with a half-life of 
12.3 years. The amount of He-3 present after a lime t is equal to the original amount of tritium minus the number 
of tritium nuclei that are still undecayed after time /. 

Execute: Ibe number of He-3 nuclei after lime t is 

N m = = )• 


Taking the ratio of the number of He-3 atoms to the number of tntium (H-3) atoms gives 


N 
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43.73. 


43.74. 


43.75. 


b(I + jV u /tf_) hi 2 

Solving fox t gives / = —----. Using the given numbers and T in = —. have 


l>i 


I2.3y 


0.0563/y 


EVALUATE: One limitation on this method would be that after many year* the ratio of H to He would be too 
imall to measure accurately. 

(a) Identify and Set l>: Use Eq.(43.1) to cafcohM the radius R of a 'll nucleus. Calculate the Coulomb 
potential energy (Eq.23.9) of the two nuclei when they Just touch. 

EXECUTE: The radius of Jh is * = (1.2x10"“ mXZ)" =1.51x10**' m. The barrier energy is the Couhxnb 
potential energy of two 'll nuclei with their centers separated by twice this distance: 

V = — — = (8.988x 10* N m'/C' ) ‘ l 602,1(> c> = 7.64xlO" 14 J = 0.48 McV 
4*-, r 2(1.51x10 m) 

(b) IDENTIFY and SET UP: hind the energy equivalent of the mass decrease. 

Execute: ’Ms-'!! -.]lle*^n 

If we use neutral atom masses there are two electrons on each side of the reaction equation, so their masses caxel. 

The neutral atom masses are given In Table 43.2. 

fH+jH has mass 2(2.014102 u) = 4.028204 u 

|He + |n has truss 3.01W29 u ♦ 1.008665 u = 4.024694 u 

The mass decrease is 4.028204 u - 4.024694 u =3.510x10"’ u. This corresponds to a liberated energy ol 
(3J10xl0 J uX931.5MeVAi) = 3.270 MeV.cn (3.270x10' eV)(1.602xl0"'’ J/eV) =5.239xl0"'’ J. 

(c) Identify and SET Up: We know the energy released when two ’ H nuclei fuse. Hnd the number of reactions 
obtained with one mole ol ,'H. 

Execute: Each re action takes two ,‘ll nuclei. Each rtxile of D, has 6.022xl0 a molecules, so 6.022X10 11 pairs 
of atoms. The energy liberated when one inole ol deuterium undergoes fusion is (6.022 xl0 u X5239xl0" u J) = 
3.155x10" J/mol. 

Evaluate: The energy liberated per mole is mote than a million times larger than from chemical combustion ol 
one mole of hydrogen gas. 

In terms ol the number N ol cesium atoms that decay in one week and the mass 
m = 1.0 kg. the equivalent dose is 

N iV V* 

3.5Sv = —((RBE) E *(RBK),E,) = —«l)(0.66MeV)*(l.S)(0.51 MeV))=^(2.283x10"” fX so 


/y = MM^li = l.535xlO". The number ,V C ol atoms present is related to 


In 2 


0.693 


N by N, = Nf. X = --= 7 JOx 10"*’ sec" 1 . 

7y, (30.07 yr)(3.156xl(F sec yr) 

Then ,V, =Ne- = (1.535x10” = 1.536x10“. 

J « 


■ v- = 


m+M 


_ — V — V 


»*»/ m*M 


V . Vu ~ 


m + M 

l M ( rruSf 


, 1 t 1 l# l It&f 2 1 Mm ) • iN i "• i> 

K =—/J1V + —3/Vw =- r v + - r v =--+- v . 

2 2 2{m + MY 2(m + A/r 2(m + M)\ m + M m + M 


K = 


M 1 


= KwK 
m + M 


m + M \ 2 

(b) Bar an eniloergic reaction K^ = -Q(Q<0\ at thrediokl. Putting this into part (a) gives 
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where is the energy that the r/- particle would have if Ibe nucleus were infinitely massive. 


Then. A/ = - M m - A'_ = Af 0 - Af a - !^(2.76 M*V/c*) = 181.94821 u. 

A« = «(“U)-M(!rXe)-M(SS,)-». 

Am = 235.043923 u -139.921636 u -93.915360 u -1.008665 a = 0.1983 u 
m E = (Am)c* = (0.1983 u)(931.5 McV/u) = 185 MeV. 

<*) A kasl-«|uarcs l'rt of the kig of U*r activity vs. time In U*r limes later than 4.0 h glWC a fu with ecerdatic® 

-(l - 2x10*) ami decay constant of 0.361 h* 1 . cocrespoexling ki a half-life of 1.92 h. Ealrapoilting ihi. buck to lime 0 

gives a contribution lo the rale a! about 2500's fee this longer-lived species. A least-squats fit of ihe log ol the rxbvity 
vi. lime fee ones earlier than 2.0 h gives a !« with correlation = 0.994. indicating the presence ol ceily two species. 

<b) By trial and error, the data is fit by a decay rate modeled by R = (5000 Bqle*" 1 ™* 1 + (2500 Bqjr' 0 " 1 * 1 . This 
would correspond to hall-lives ol 0.400 h and 1.92 h. 

(c) In this model, there are 1.04x10’ of the shexter-lived species and 2.49x10' of tbe longer-lived species. 

Id) Alter 5.0 h. there would be 1.80x10’ of the shorter-lived species and 4.10x10“ of tbe kmger-lived species. 

(a) There are two processes occurring: tbe creation of lf *I by the neutron irradiation, and the decay of the Dewly 
produced ,a I. So — = K-2N where K is the rate of production by Ibe neutron irradiation. Then 


H k-W 1, - ' - 'Jo ' 

Figure 43.79. 

<b) The activity of the sample is ^.V(r) = «(l-e~') = (l.5xl0‘ decays/s)x 1-e 


So the activity is 


|'1.5X10* decays,-s) (l 


). with f in minutes. So Ihe activity 


at various tiroes is: 


(I = 1 min) = 4.1x10* Bq: 


(f = 10 inn) = 3.6x10’Bq 


(f = 25 min) = 7.5x10 5 Bq; 


<f =50 min) =1.1x10* Bq: 


(f = 75 min) = 1.3x10* Bq: 


(r| _K_(I5X10*)<«» 

(t ’ A ““T- (0.02772) 

(d) The maximum activity is at saturation. when ibe rate being produced equals that decaying and so it equals 
1.5x10* decays/*. 

N«mhtr cf tuctcl 


3 .2x10* atoms 


nr*)*-—-—-—-—-—-—-—-—-—-— Tifl# imiiiuvo 

200 400 «M) KXO I00 120 140 160 I HO 200 

Figure 43.79 

The activity of the original iron, after 1000 hours of operation, would be 

(9.4 x 10" 4 G)(3.7X10” Bq/Ci)2- <,t * k)<4510U4) = 1.8306x10 s Bq. The activity of the oil is 84 Bq. or 
4.5886X10" 4 of the total iron activity, and this must be the fraction of the mass worn, or mass of 4.59xl(T 2 g 
The rale at which the piston rings lost their mans is then 4.59x 10" 5 g/h. 
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44.1. (a) IDENTIFY and SET l»: Uk Eq.<37.36) to calculate the kinetic energy K. 

-1 j = 0.1547mc' 

/ 

m = 9.109x10'" kg. soK =1.27x10*“ I 
<b) IDENTIFY mil SET Up; TV total energy of the particles equals the sura of the energies of the two photons, 
linear momentum must also be conserved. 

EXECUTE: The total energy of each electron or positron is E=K* mc‘ = 1.1547nsc‘ = 9.46 X10*" J. The total 
energy of the elec tron ami positron is converted into the total energy of the two photons. Use Initial momentum of 
the system in the lab frame is zero (since the equal-mass particles have equal speeds in opposite directions), so the 
final momentum must also be zero. The photons must have equal wavelengths and must be traveling in opposite 
directions. Equal A means equal energy, so each photon has energy 9.46x 10*“ J. 

<c) IDENTIFY and SET Up: Use Eq. (38.2) to relate the photon energy to the photon wavelength. 

Execute: E = hclA so ^ = hc/£ = hc/(9.46xl0*“ J) = 2.l0pm 

EVALUATE: The wavelength calculated in Example 44.1 is 2.43 pm. When the particles also have kinetic energy, 
the energy of each photon is greater, so its wavelength it less. 

44.2. The total energy of the position is 

E = K*mc‘ = 5.00 MeV+0.511 Me V = 5.51 Me'V. 


Execute: K = mc ‘ 


y'l-v'/c' 


We can calculate the speed of the positron from Eq.(37.38): 

mc‘ v I. . mc‘ l* 


0.511 MeV ,* 
5.51 MeV 


=0.996. 


IDENTIFY and SET Up: By momentum conservation the two photons must have equal and opposite momenta. 
Then E= pc says the photons must have equal energies. Their total energy must equal the rest mass energy 

E=me 1 of the psoo. Once we have fourxl the photon energy we cm use E = hf to calculate the photon frequency 
and use A = cl/ to cakuble the wavelength. 

Execute: Ihe mass of the pwo is 270m. so the rest energy of the pwn is 270(0.511 MeV) = 138 MeV. Each 
photon has half this energy, or 69 MeV. E-H, so / ,. * ,J.LTxW Hz 
. c 2.998x10’ utfs 




=1.8x10" m = 18 Ini. 


EVALUATE: These photons arc in the gamma ray part of the electromagnetic spectrum. 

(a) The energy will be the prole® rest energy. 938.3 MeV. corresponding to a frequency of 2-27xlO a Hz and a 
wavelength of 132x10"“ m. 

(b) The energy of each ffcoton will be 938.3 MeV +830 MeV = 1768 MeV. with frequency 42.8x10“ liz and 
wavelength 7.02xl0" u m. 

(a) Am = m r . - = 270 m. - 207 m. = 63 m, => £ = 63(0.511 MeV) = 32 MeV. 

lb) A positive muon has lea mass than a positive pioo. so if Ibc decay from muon to pion was to happen, you 
could always find a frame where energy was not conserved. This cannot occur. 
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44.6. 




44.9. 


44.10 


44.11 



he 


h 

m c 


- 16626,111 '' '' -= 1.17xl<r u m = 0.0117pm 

<207)(9.11x10-“ kg)(3.COxlO* m>) 


In this com;. Ux muons are created at res) (no kinetic energy). 

<b> Shorter wavelength* would mean hitter piiotic energy, and Ibe mums would be created with non-zero kinetic energy. 
IDENTIFY: Hie energy released comes from the mas* differem. 

SET Up: The mas* dill'crence is the initial mas* minu* Ihr liml mas*. 


4m- m*. — - m <( 

Execute: Using the muse* from Table 44.2. we have 

A m = m ii -in. =(105.7 MeV/c')-(0.511 MeV/c')-(0.511 MeV/c*) = 105 MeV/c* 

Multiplying these ma*ses by c 2 gives £ = 105 MeV. 

EVALUATE: This energy it observed as kinetic energy of the electron and positron. 

iDEvnrY and SET Up: Calculate the mas* change in each reaction, using the atomic mas*es in Table 44.2. A 
inass change of 1 u is equivalent to an energy of 931.5 MeV. 

Execute: (a)and(b)Eq.(44.1): jHe +jBe-.'JC + in 

AM =m( 4 He)+m(*Be)-i m( u C)+«( ‘n)j 

AM =4.00260 us-9.01218 u-12.00000 u-1.00866 u = 0.00612 u 

The mass decreases and the energy liberated is 5.70 MeV. The reaction is exoergk. 

Eq<*42): 

AM =m( , n)+/n("B)-i «i(’Li) + m( 4 He) i 

AM = 1.00866 us-10.01294 u -7.01600 u -4.00260 u = 0.00300a 

The mass decreases and the energy liberated is 2.79 MeV. The reaction is ejoergtc. 

(c) The reactants in the reaction* of Eq.(44.1) have positive nuclear charges and a threshold kioetic energy is 
required for the reactant* to overcome then Coulomb repulsion arxl get close enough for the reaction to occur. The 
neutron in Eq.(44.2) is neutral so there is no Coulomb repulswo and no threshold energy for thi* reaction. 
IDE-Vnrv: The antimatter annihilates with an equal amount of matter. 

SET Up: The energy of the matter is £ = (A/nlc*. 

Execute: Putting in the tximbee* gives 

£ = (4m)e' = (400 kg * 400 kg)(3.00xl(/ tnfs? =7.2x10" J. 


This is about 70ft ol the annual energy use in the U.S. 

Evaluate: If this huge amount of energy were released suddenly, it would blow up the Enterprise'. Getting 
useable energy from matter-antimatter annihilunion is not so easy to do! 

iDEVTIFY: With a stationary target, only part of the initial kinetic energy of the moving electron is available. 
Momentum conservation tells us that there must be nonzero momentum alter the collision, whkh means that there 
must also be left over kinetic energy. Therefore not all ol the initial energy is available. 

SET Up: The available energy is given by £,' = 2mr'(£. + mc ! ) fee two panicles ol equal man when one is 
initially stationary. In this case, the initial kinetic energy (20.0 GeV = 20.CO0 MeV) is much mote than the rest 
energy of the electron (0.511 MeV). so the formula for available energy reduce* to £ = ^2mc‘E m . 

Execute: (a) Using the fcemula for available energy gives 

£, = forte 1 E, = % fe(03ll MeVX20.0 GeV) = 143 MeV 


<b) hit colliding beams of equal mass, each particle has half the available energy, so each has 71.5 MeV. The n>raf 
energy is twice this, or 143 MeV. 

Evaluate: Colliding beam* provide considerably mc*e available energy to do experiments than do beams 
hitting a stabooay target With a stationary electron target in part (a), we had to give the moving electric 
20.000 MeV of energy to get the same available energy that we got with only 143 MeV of energy with the 
colliding beams. 

(a) Identify and SET Up: Eq. (44.7) says to= |y|6/m so B = mat ^|. And since qi=2t/. this becomes 

B=2n*/|*| 

EXECXTE: A (lculeroa a a deulenum nucleus ( Jh). Its charge is q = 4e. Its mass is the mass of the neutral \H 


atom (Table 43 2) minus the mass of the oac atomic electron: 

m = 2.014102 u-0.0005486 u = 2.013553 u(1.66054 x 1(T 27 kg/lu) = 3344 x KT* kg 
* _ 2 imf _ 2*(3.344xl0-* kgX9.00x!0‘ Hz) _ 

[7] 1.602*10-'' C 
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(b>Bq.(44S): K = 


1(1.602*10'" CK11HTX0.320m)) 1 


2m 2(3.344X10 kg) 

K =5.471X10*" I =(5.471*10'° W e\71.602*10*“ J) = 3.42 MeV 

EVALUATE: v/c = 0.06. so il i> ok lo use the nceuelatmstic expression lor kinetic energy. 

44.12. (a) 2/= ^ = -^ = 3.97x10’/*. 

<b» m* = —= 3.12x10’ m/s 

(c) For three-figure precision. Ibe relativistic form o(the kinetic energy torn be used. 

eV=(r-\)mc‘. soeV=(y-l|mr i .soV = ! '~ l =5.11*10* V. 

e 

44.13. (a) IDEMIFY arxl SET UP: The masses of the target and projectile particles are equal. so Eq. (44.10) can be used. 
E‘ = 2mc‘(E^ * me‘). £_ is specified; solve for the energy E m of the beam particles. 

gi 

EXECUTE: E m = ~ "*’ 1 

The mass for the alpha particle can be calculated by subtiacting l«xi electron masses from the J He atomic mass: 
m = m a = 4.002603 u - 2<0.CO054S6 u) = 4.001506 u 
Then me' = (4.001506 u*931.5 MeV/u) = 3.727 OeV. 

E m = = ■ ll6 " < " :Vl - -3.727 OeV = 30.6 OeV. 

2 me' 2(3.727 OeV) 

<b> Each beam must have i £,= 8.0 OeV. 

EVALUATE: For a stationary target the beam energy is nearly twice the available energy. In a colliding beam 
experiment all the energy is available and each beam needs lo have just half the retired available energy. 

44.14. (a) y= MtV = 1065.8.sov = 0.999999559c. 

' 938.3 MeV 


(b)Noordalivistic: a=—= 3.83* 10' rad/s. 
Relativistic: a>= —1 = 3.59*10’ rad/s. 


44.15. (a) IDENTIFY aoJ SET Up: Fot a proton beam on a stabooiry proton target and since £, is moth larger than the 

proton rest energy we can use Eq.(44.11): E? = 


Execute: 


E.= 


E‘ _ (77.4 OeV)’ 
2mc‘ ~ 2(0.938 OeV) 


= 3200 OeV 


(by iDEVnr* and SET Up; For colliding beams the total momentum ts zero and Ibe available energy E, is the 
total energy for the two colliding particles. 

EXECUTE: Fee proton-peoton collisions the colliding beams each have the same energy, so the total energy of 
each beam is }£. = 38.7 GeV. 

EVALUATE: For a stationary target less than if of the beam energy Is available foe conversion into mass. The 
beam energy for a colliding beam experiment is a factor of (1/83) times smaller than the required energy for a 
stationary target experiment. 

44.16. IDEVnr*: Only part of Ibe initial kinetic energy of the moving electron is available. Momentum conservation 
tells us that there must be nonzero momentum alter the collision, which means that there must also be left over 
kinetic energy. 

SET Up: To create the if. tbe minimum available energy must be equal to the rest mass energy of the products, 
which in this case is the rf plus two protons. In a collider, all of the initial energy is available, so the beam energy 
is the available energy. 

EXECUTE: The minimum amount of available energy must be rest mass energy 

£ = 2m ( +m r = 2(938.3 MeV) * 547.3 MeV = 2420 MeV 
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44.17. 

44.18. 


44.19. 

44.20. 

44.21. 

44.22. 

44.23. 


Each incident poo tun has half of the rest mass energy, or 1210 MeV =1.21 GeV. 

EVALUATE: As we saw in peoblem 44.10. we would need much more initial energy il ooe oI the initial proteins 
were stationary. The result here (1.21 GeV) a the minimum amount of energy needed: the original poo tuns could 
have more energy and rtill trigger this reaction. 

Section 44.3 says rif(Z 0 )=91.2 GeV/c 1 . 

£ = 91.2x10* eV = 1.461x10** J: m = Elc‘ = 1.63x1 O' 3 kg: m(Z , )/m(p) = 97.2 


(a) We shall assume that the kinetic energy of the A® is negligible. In that case we 
can set the value of the photoo's energy equal to Q. 

0 = (1193 -1116) MeV = 77 MeV = £ [V _,. 


<b) The momentum ol this photon is 



(77xl0*eVK1.60xl<r" J.eV) 
(3.00xl0*m7) 


= 4.1x10'“ kg m/s 


To jualily our original assumption, we can calculate the kinetic energy ol a A® that has this value ol momentum 


(77 MeV)* 

2m 2mc‘ _ 2(1116 MeV) 


= 2.7 MeV « Q = 77 MeV. 


Thus, we can ignore the momentum ol the A® without introducing a large error. 
lDE.vnrv and SET Up: Find the energy equivalent of the mass decrease. 

EXECUTE: The mass decrease is m(!*) - m(p) - ml* 0 ) and the energy released is 
mc'(i:*)-mc'(p)-(K 1 (« , ) = 1189 MeV-938.3 MeV-135.0 MeV = 116 MeV.(The me' values lor each 
particle were taken Irom Table 44.3.) 

EVALUATE: The mass of the decay products is less than the mass ol the original particle, so the decay is 
energetically allowed and energy is released. 

iDEVnrv: If the initial and fmal rest mass energies were equal, there would be no left over energy lor kinetic 
energy. Therefore the kinetic energy of the products is the difference between the mass energy of the initial 
particles and the final particles. 

SET Up: The dilTerence in mass is dm = M Q -m A . - m,.. 

Execute: Using Table 44.3. the energy difference is 

£ = (dm)c' = 1672 MeV -1116 MeV - 494 MeV = 62 MeV 


Evaluate: There is less real mass energy alter the reaclioo than before because 62 MeV of the initial energy 
was converted to kinetic energy of the products. 

Conservation of leptoo number. 

(») -*e' + v, *v K zp L ,: +1 * -1. L, :0*+I+l. so lepton numbers are not conserved. 


<b) r‘-*e'*P* v — L :0=*1-1; L , :+l = +l, so lepton numbers are conserved. 

(c) e* -> e* + y. Lepton numbers are not conserved since Just ime lepton is produced from zero original leptons. 

(d) n-ipt-e' + Y.mf^Os+l-L so the lepton numbers are conserved. 

lDE.vnrv and SET Up p and n have baryon number *1 and p has baryun number -1. e*. e' . V, and J all 
have baryon number zero. Baryon number is conserved if the total baryoo number of the products equals the total 
baryon number of the reactants. 

Execute: (a) reactants: B=l+1=2 . frolixts: B = 1 + 0 = 1. Not conserved. 

<bl reactants: B = 1 +1 = 2. Products: B = 0*0 = 0. Not conserved. 

(c) reactants: B =+l. Products: fl = l + 0+0 =+l. Conserved. 

(d) reactants: fl = l-l = 0. Products: B = 0. Conserved. 

IDEVnrv and SET Up: Compare the sum of the strangeness quantum numbers for the particles oo each side of 
the decay equation. The strangeness quantum numbers for each particle are given Table 44.3. 

Execute: (a) K* -»//* +v,; 5„ = +l =0. S^= 0 
S = 1 initially; S =0 for the products: S is ml conserved 
<b> n^K'-tpt* 1 ; 5. =0. 5 r =+L S f = 0. 5^=0 
5 = 1 initially; 5=0 foe the products; S is not conserved 
<«) K* + K” S g . =+L 5 j =-fc =0 

S = +1-1 = 0 initially; 5=0 lor the products; 5 is conserved 
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<d> p-fR'-tA 0 *#'; S,=O.S t . =-lS A . =-l. S, =0. 

S --1 iniliall); S' = -l for tlw products; S is Jin»m?il 

EVALUATE: Strmgeoess is nol a conserved quantity in weak interactions and strangeness doo- conserving 
reactions oc decays can occur. 

44.24. (a) Using the values of the constants from Appendix F. 

—— = 7.29660475x lO 0 =-!-. or I,'137 to three figures. 

dstjtc 137.050044 


44.25. 


lb) From Section 38 J. v. = -1—. But nonce this is lust —-- 

2*Ji ' 4f^fic 

fl 


c. as claimed. 


= -•) = 1 T~ “ tlarocnsio ® li:s4 * f 1 k® BBSCi of eowgy times distance.) 


44.26. (a) The diagram is given in Rguxe 44.26. The U~ particle has Q = -1 (as its Libel suggests) and S = -3. Its 

appears as a “holc"in an otherwise regular lattice in the S-Q plane. The mass dilleiencc between eich S row is 
around 145 MeV (oc so). This puls the 12 " mass at about the right spot. As it turns out. all the other particles on 
this lattice had been discovered already and it was this "hole” and mass regulanty that led to an accurate prcdiclxii 
of the properties of the 12 ! 

<b) See diagram. Use quark chirges u = ♦— 


y , and a 

C _ — 

—* 

=— as a 
3 

-c 

guide. 

♦c +2c 

. 4 . ■ j 

0 v 


»mf n nit 

S* -1 

♦ * 

- • - 


Ms orfi 

mu 

5- -2 

♦ ( 


S= -3 

du uss 


♦ 

w 


Figure 44.26 



44.27. iDEVnrY and SET UP: Each value for the combination is the sum ol the values lor each quark. Use Table 44.4. 
Execute: (a) uds 
e='c-4c-ic=o 

fl= i + i+i=i 

S = 0+0-l=-l 

c=o*o*o=o 

<b» cn 

The values for 5 are the negative for those foe it. 

Q=i'-i'=o 

B=‘-i=0 
S=0*0=0 
C = + l + 0=+l 
<«) ddd 

Q=-\ f -\ r -\ r =- r 

*= i+i+i=+> 

S=0+0+0=0 

c=o+o+o=o 

<d) dt 

fl=i-i=0 
5=0+0=0 
C = 0-1 =-l 

EVALUATE: The charge, baryoo number, strangeness and chann quantum numbers of a particle are determined 
by the particle's quark cutnpositMm. 
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44.28. (n, - 2m, )c ! =(9460 MeV -2(1777 Me V)) = 5906 MeV (we Section. 44.3 and 44.4 ft* masses). 

44.29. (a) The antipsrticle must consist of tbeantii^iarksw) 5 = iidd. 

<b> So n = udJ is not its own antipartide. 

(c) i* =cT so (7=R=w so the *• is it* own antipsticle. 

44.30. (a) 5 = 1 indicate* the presence of iot r antiquark and no « quark. To have baryun number 0 tbae can be only 
one other quart and to have net charge *e that quark must be a u. and the quark content is nr. 

<b> The particle has an r antiquart and for a baryun number of-1 the particle must consist ol three antiquarks. 
For a net charge of -e. the quark content must be dd r. 

(c) S = -2 means that there are two » quarks, and for baryun number 1 there must be one mote quark. Fot a charge 
of 0 the third quirk must be a n quark and the quark content a arc. 

44.31. IDENTITY: A proton U made up of and quark* and a neutron consists of udJ quarks. 

SET In 11 a poton decays by ff decay, we have p -* e* + n ♦ v. (both charge and lepton number are 
conserved). 

EVALUATE: Since a proton consists ol uud quarks rod a neutron u add quarks, it follows that in /T decay a u 
quark changes to ad quark. 

44.32. (a) Using the definition of z from Example 44.9 we have that 

, +l= , + 4id> 4 


4*4*35. 


44*36 


Now we use Eu.(44.13) to obtain 1 + z = 


c — 


_ jl + v/c _ |l+£ 
i-v/c 


(b>Solving the above equation fox fi me obtain = ||+ *\ +1 - j ^ =0.3846. 

Thus. v = 0.3846c = l. 15x10* m/%. 

(c) We can use Eq.(44.15) to tind the distance lo the given galaxy. 

v (U5xl0*m,s) 

~/77~(7.1xl0 4 <xn s) Mpc) 

Use Eq.<44.14) to calculate v. 


= 1.6x10* Mpc 


44.33. (a i IDENTIFY aaJ SIT UP: 

Execute; v = 


<V4> J -1 


(658.5 aia/590 nm)' -1 

<V4>‘ + 1 


(658.5 nnV590 nm)‘ + 1 


c = 0.1094c 


v = (0.1094X2.998x10* iu< S ) = 3^8xlO T mf% 

(b) Identify and SET Up; Use Eq.(44.15) lo calculate r. 
v 328X10 4 km's 

// 


Execute; r = — = 


= 1510 Mlv 


44*34* From 


(71 (km/syMpcX 1 Mpc/3.26Mly) 

Evaluate: The red shift 1 for this galaxy is 0.116. It is therefore about twice as far from earth as the 

galaxy in Examples 44.9 aol 44.10. that had a red shift of 0.053. 

.(44.15). r = -L= 30,),l<>lm > = l Jx IO 'Mly. 


H 0 20(km s) Mly 

(b) This distance represents looking hock in time *o far that the light has not been able to reach us. 

(a) IDENTIFY and SET UP: Hubble s law is Eq.(44.15). with //, =71 (kndsVIMpc). 1 Mpc = 326 Mly. 
Execute: r = 5210 Mly so v = W^ = ((71 km'*VMpc)(l Mpc/3_26Mly)(5210Mly) = l.lxl0’ km/s 

(b) IDENTITY rod SET UP: Use v from part (a) in Eq. (44.13). 

Execute: -^-= 


1 . 1 x 10 * in'* 
2.9980*10* m/'s 


c + v 
c — v 


+ v/c 
l-v/c 


= 0.367 so — = 


1 '1 + 0.367 


= 1-S 


\ 1-0.367 

EVALU ATE; The galaxy in Examples 44.9 and 44.10 is 710 Mly away so has a smaller recession speed and 
redshift than the galaxy in this problem. 

Identify and SET Up; m u =1.67 X10 -27 kg . The ideal gas law say* pV = nRT. Normal pressure is 
1.013X10 5 Pa and normal temperature is about 27 ‘C = 3CO K . 1 mole is 6.02x10^ atoms. 
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44.57. 


44.58. 

44.59. 

44.40. 

44.41. 


44.42. 


44.45. 


EXECUTE: (a) 6 k ~ >>in — = 3.8 atoms/m* 

1.67x10“* kgfetom 

(b) V = (4 m)(7 m)(3 m) = 84 m* and (3.8 atwm/m , X84 m J ) = 320 alon» 

(c) With p = 1.013xl0 5 PI. V =84 «n\ 7 = 300 K ihe ideal gas Uw give* ibc number of iroles lo be 

n = f}L= (1.013x10* Pj)(»4 hi 1 , = 3 4xI0 i nmiti 

ET (8.3145 J/idoIKM3COK) 

<3.4x 10* mole*X6.02xl0 a atorav'mol) = 2.0xl0 r (Com. 

EVALUATE: The average density of the universe is vecy small. Interstellar spate contain* a very small number of 
slums per cubic meter, compared to the number ol atoms per cubit meter in ordinary material on the earth, web as air. 
iDEVnrv and SET IIP: Find the energy equivalent of the mass decrease. 

EXECUTE: (a) p ♦ ! ,H -> *Hc or can write as |H ♦ {H -» j'He 

If neutral atom masses are used then the masses of the two atomic electrons on each side ol the reaction will 
cancel. 

Taking the atomic masses from Table 43.2. the mass decrease is m(|H)»m('H)-m( jhe) = 1.007825 u + 
2.014102 u - 3.016029 u = 0.005898 u. The energy released is the energy equivalent of this mass decrease: 
<0.005898 UX931.5 MeVAl) = 5.494 MeV 
(b> Jn+jHe-* jHe 

If Deutral helium masses are used then the masses of the two atceuc electrons co each sale ol the reaction equation 
will cancel. The mass decrease is m(, l n) + m(;He)-m(;ile) = 1.008665 u+ 3.016029 u-4.002603 u = 

0.022091 u. The energy released is the energy equivalent ol this mass decrease: 

(0.022091 uX931J5 MeVAl) = 20-58 MeV 

EVALUATE: These are important nucleosynthesis reacticeis. discussed in Seclloo 44.7. 

3m(*Hc)-m("C) = 7-80X10" 1 u. or 7.27 MeV. 

Am = m, + m, - m, - m, so assuming m. - J 0. 

Am = 0.0)05486 u +1.007276 u -1.008665 u = -8.40x10"* u 
= E = (Antic 1 = (-8.40x10"* uX931A Me V,U) = -0.783 MeV and is endoergic. 

"*^<-♦111.^ -m.. G =7.69xl0"’u. ce 7.16 MeV. an cxoergic reaction. 

IDE-Vnrv and SET Up: Tbe Wien displacement law (Eq.38.30) sys A,T equals a constant Use this to relate 
*7; to-l^j atT,. 
tXEClTE: A^T^AJT, 

4, = 4, Zi = 1 . 062 xl 0 J mj 11^1 = 966 nm 
“v 3000 K ) 

Evaluate: The peak wavelength was much less when Ibc temperature was much higher. 

la) Hie dimensions of A are energy times time, the dimensions of G are energy times time pet mass squared, and 

so the dimensions ol JhGIc‘ are 


(E TKE-LM*) _ E V 
(LT? M L 




,b) J (6-626X.0-* J-,)(6.673X.Q- N m- kg») i* = ,. 6 , 6x|0 -» m 

' 7 ) 1 25(3.00x10* m s)’ I 

lDE.vnrv and SET Up: For colliding brains the available energy is twice the beam energy. H»r a fixed target 
experiment only a portion ol tbe beam energy is available energy (Eqs.44.9 and 44.10). 

Execute: (a) E. = 2(7.0 TeV) = 14.0 TeV 

(b) Need E. = 14.0 TeV = 14.0x10* MeV. Since (he target and projectile particles are both protons Eq. (44.10) can 
be used: E‘ = 2mc 1 (£_ .me 1 ) 




-roc 2 = (lAtixW \U\ r _ MeV = L0xltf 1 McV = LQxltf TeV. 


2mc* 2(938.3 MeV) 

Evaluate: Ibis shows the great advantage of colliding beams at relativistic energies. 





44-8 Chapter 44 


44.44. 

44.45. 


44.46. 


44.47. 


44.48. 

44.49. 


K * m,c‘ = K = ^= 652 MeV. 

A A 

IDEYTIFY ami SET Up: Section 44.3 says the strong interaction is 100 limes as strong as Ibe electromagnetic 
interaction ami ihil the weak interaction is 10~* limes as strong as ibe strong interaction. The Coukimb force is 

F - and ibe gravitational force is F .. = C . 
t r 

(9.0xl(? N m^Xl.60xl<T* Q 1 

(Stiff® m)* 


EXECUTE: (a) £ = 


= 2(X) N 


,6.6 7< 10-"N. n ,^ l K l .67,10-k g r =2>( , 0 ^ N 

(b) F m -100F-2x10* N. F^ • W*F m -2x10^ N 
(f) F m >F m >F w ^>F l 

(d) F, -IxIO^F,. F„-IMF.-lxl0"F, . F.^ -lOV.«1 x10®F, 

Evaluate: The gravity force b much weaker than any of Ibe olher three forces. Oravily is impirtanl only when 
one very massive object b involved. 

lnEq.(44.9). E = (m^ +m p jc 1 .and withM = m f .m = m and £ =(m K 1 * K. 

K = ni93MeV>..97.7MeVr-,1396MeVr-,938 3McVr ^ MfV = ** Me v . 

2(938.3 MeV) 

IDEvnrY: Wilh a stationary target only part of the initial kinetic energy of the moving proton is available. 
Momentum conservation tells us that there must be nonzero momentum after the collision, which means that there 
must also be left over kinetic energy. Therefore not all ol Ibe initial energy is available. 

SET Up: The available energy is given by £* = 2 me 2 1 E m + me 1 ) for two particles of equal mass when ooc is 
initially stationary. The minimum available energy must be equal to the rest mass energies of the products, which in 
this case is two protons, a K* and a K" . The available energy must be at least the sum of Ibe final rest masses. 
EXECUTE: Ihe minimum amount of available energy must be 

£ 4 = 2m^ + ffij. ♦ m K = 2(938.3 MeV) ♦ 493.7 MeV + 493.7 MeV = 2864 MeV = 2.864 OeV 
Solving the available energy formula for E m gives £* = 2m 1 (E m + me 1 ) and 

g. = <2864MrV> ‘ -938.3 MeV = 3432.6 MeV 

2mtr 2(938.3 MeV) 

Recalling that E m is Ibe total eoergy of the proton, including its rest mass energy (RME). we have 
K = E m - RME = 3432.6 MeV - 938.3 MeV = 2494 MeV = 2494 GeV 
Therefore the threshold kinetic energy is K = 2494 MeV = 2.494 GeV. 

Evaluate: Considerably less eoergy would be needed if the experiment were done using colbiling beams of 
protons. 

(a) The decay products must be neutral, so the only possible combinations are xW or A 00 ***' 

(b) -3/w^* =142.3 MeV/c*. so the kinetic eoergy of the X 0 mesons is 142.3 MeV. For the other relation. 

K =(m^-mj -m. = 133.1 MeV. 

Identify and SET Up: Apply conservation of linear momentum to the collision. A photon has momentum 

p=h/A . in Ibe direction it is traveling. The energy of a photon is E = pc = ^-. All the mass of the electron aixl 

positron is converted to the total energy of the two photons, according to E = me 1 . The mass of an electron and of 
i positron is m, =9.11XlC 41 kg 

Execute: (a) In the lab frame the initial momentum of the system is zero, since the electron and positron have 
equal speeds in opposite directions. According to momentum conservation, the final momentum of the system 
must also be zero. A photon has momentum, so the momentum of a single photon is not zero. 

(b) lor the two photons to have zero total momentum they must have the same magnitude of momentum aixl move 
in oeposite directions. Since £ = pc . equal p meam equal £. 
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44.50. 

44.51. 


44.52. 

44.53. 

44.54. 


44.55. 


(c) 2 £« = 2 «.c' so £,=«.£* 


^=T 


A me 


6.63x10 J i 


[9.11x10’* kgXS.OOxlO 1 m's) ' “ 


These at gamma ray photons. 

EVALUATE: The lotil charge of the clcclrun/pusitroo system is zero and the p&iXuos have do charge, so charge is 
conserved in the parUcle-antiparUcle annihilation. 

(a) U the x~ decays, it must eod in an electron and neutrinos. The rest energy of n~ (139.6 MeV) is shared 
between the electron rest energy (0.511 MeV) and kinetic energy (assuming the neutrino masses are negligible). So 
the energy released is 139.6 MeV - 0.511 MeV = 139.1 MeV. 

<b) Conservation of momentum leads to the neutrinos carrying away most of the energy. 

(a) The fcoryun number is 0. the ciurge is +e . the strangeness is 1. all lepton numbers are zero, arxl tlx purtick x< AT*. 
<b) The bar yon nmker is 0. the charge is -e . the strangeness is 0. all lepton muckers are zero, and the particle is fC. 

(c) The baryon numbers is -1. the chxge is 0. the strangeness is zero, all leplcn cwmbers are 0. and the particle is 
an antineutron. 

<d) The baryon number is 0. the charge is +e . the strangeness is 0. the muonic lepton number is -1. all other 
lepton numbers are 0 . and the particle is //*. 


If = 7.6X10’ 21 *r>A£ = — 

A/ 


i^!^ = 139xl0*“j=87keV. 
7.6x10*“ * 


A E 0.087 MeV 
m c‘ ~ 3097 MeV 


= 2.8x10*’. 


ft _ (1.054x10*“ J-s) 

A E~ (44x10'' eVX1.6xKr'’ J/eV) 


= 1.5x10*“ s. 


iDCVnrv and SET Up; -* K* ♦ K*. The total energy released is the energy equivalent ol the mass decrease, 
(a) EXECUTE: The mass decrease is Di(d)-m(K*)-m(K*). Hv energy equivalent of the mass decrease is 
"*'(#) -mc'(K*)-mc'lK*>. The rest mass energy me' lor the f meson is given in Problem 44.53. and the 
values lor K*and K* are given in Table 443. The energy released then is 1019.4 MeV - 2(493.7 MeV) = 


32.0 MeV. The K* gets hall this. 16.0 MeV. 

Evaluate: <b) Does the decay d -• K* ♦ K* *?' occur? The energy equivalent o( the K* + K* + X° mass is 
493.7 MeV . 493.7 MeV + 135.0 MeV = 1122 MeV. This is greater than the energy equivalent ol the d mass. 
The mass of the decay products would be greater than the mass of the parent particle; the decay is energetically 
forbidden. 

(c) Does Ibe decay d -t K* + ff* occur'’ The reaction d -* K* + K* is observed. K* has strangeness +1 and K* 
has strangeness - 1 . so the total strangeness ol the decay pcodwts is zero. II strangeness must be conserved we 
deduce that the d particle has strangeness zero. ** has strangeness 0 . so the product K* ♦ «" has strangeness 
-1. The decay d-» K* *B~ violates conservation ol strangeness. Does the decay d -* K * occur? U has 
strangeness 0 . so this decay «xiuld also violate conservation ol strangeness. 

(a) The number ol protons in a kilogram is 

f 6.023x10“ molecules mol ! . „ 

<,Wk8,: 180x l 0~ l kg.mod 


Note that only the protons in the hydrogen atoms are considered as possible sources of proton decay. The energy 
per decay is m,c‘ = 938.3 MeV = 1.S03X 10*" J. and so the energy deposited in a yea t. per kikigram. is 

(6.7x10“), - (1 y)030x10*" J) = 7.0xl0 J <iy = 0.70rad 

(b) lor an RBE ol unity, the equivalent dose is (1) (0.70 rad) = 0.70 rent. 

IDENTITY and SET Up: The total released energy is the equivalent ol the mass decrease. Use conservation ol 
linear momentum to relate the kinetic energies of the decay particles. 

Execute: (a) The energy equivalent ol the mass decrease is 
TO‘(E')-mc'(A*)-ntc'(»*) = 1321 MeV-1116 MeV -139.6 MeV = 65 MeV 


44.56. 




44-10 Chapter 44 


44.57. 


44.58. 


44.59. 


(b) The 5' is at rest means that the linear 
A 0 mil x~ roust have equal and opposite momenta: 


momentum is zero. Conservation of linear momentum then say* that the 


f «=m .v. 


_ * n A* 


Also. Ibe sum of the kinetic energies of tbe A° and tr must equal tbe total kinetic energy K lA = 65 McV 
calculated in part (a): 

*«=**.+*, 

Ks + '-<m^=K„ 

Use the momentum consecution result 

K l‘ ‘t'". ! — ! <•=*- 




A', 1.^1=K 
ITt 


ic. t = 


65 MeV 


= 7.2 McV 


A l+m A4 /m r 1 + 0116 MeVV( 139.6 McV) 

K k% + K r = so K g = A' w - = 65 MeV -7.2 MeV = 57.8 MeV 

The fracbon for tbe A° is ■ * " =11%. 

65 MeV 
<7 V \\r\ 

The fracbon for tbe fT is = 89%. 

65 McV 

EVALUATE: The lighter particle carries oil more of the kinetic energy that is released m the decay than the 
heavier particle does. 

dR dR dt HR 

(a) for this model. — = HR. so-=-= H. presumed to be the same for all points on tbe surface. 

dt R R 

dr dR 

(b) for constant 0. — = —0 = HRO = Hr. 

dt dl 


(c) See part (a). // 0 = 


(d) The equation — = H R is a differential equation, the solution to which. for constant // . is R(t) = 

dt 

R. where R^ is the value oi R at / = 0. This equation may be solved by separation of variables, as 

= — In {R) = // and integrating both sales with respect to bme. 

R dt 

(e) A constant H 0 would mean a constant critical density, which is inconsistent with uniform expansion. 

r\ ,, „ r dR 1 dr r <Pt 1 dr . dO 

from Problem 44.57. r= RO^ R = —. So — =---y— =-since — = 0. 

Q dl 0 dt dl 0 dt dt 


5ft 


R dt R" dl 


1 dr 1 dr dr (\dR\ „ dv n d ; r dR\ d , s 

=- -*v = — = ’-Ir = H.r. Now — = 0 = —!-! = —! 0— 


dt R dt 


j 


R dt d - 


n dR _ _ „ . dR K K d0 \ dR 0 1 „ _ 

->0 — = K where K is a Constant ->— = — t* = — /since— = 0 H*= -=-= -. So the 

dr dt Q 6 dl R dl Kt 0 t 


current value ol the Hubble constant is — where T is the present age of the universe. 

(a) for mass m. in Eq. (37.25) u = -!• v = v,. and so v_ = ——— Vcm . . for mass 

l-v 0 v_ c A 
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(b) The condition fee no net momentum in the center of mass frame is my m v m ♦ M y M v M = 0. where 

y m and y u correspond to the velocities found in part (a). The algebra reduces to fl m f m = {$,- P)Y%Ym- where 

& =—. ff = —. and the condition for no net momentum becomes m(A -p)Y*Yu = M PYx • 


i V— = 


m + M l-fr./e) 1 ' 


"ft 

(t) Substitution of the above expression into the expressions for the velocities found in part (a) give) the relatively 


liniple fonm v„ = v 0 y„ 
m+MY t 






"ft + « 
«*"ft 


After trine moee algebra. 


r. = 71 . y„ - . -- ■ 1 - . from which "ft + Af ft, = Jm ! + Af I +2*iAf y 0 . Thi) last 

N iW+A/' + 2mMy, v ln' + M J + 2mAfy, 

expression. multiplied by e*. it the available energy £ in the center of matt lrame. to that 

= (m* + A# 1 + 2mA/ 0 )c* = (me 1 ) 1 + (Afc 1 ) 1 -.(2*ft-'K";',c') = (mr 1 ) 1 + (Me 1 )' *2Afc 1 £ > . which it Eq.(44.9). 

A 0 

(a) E =<Ant)c l = (m^.y‘-(TO,|c'(" > .k i =1116MeV-939.6MeV -135.0 .MeV = 41.4 MeV 

(b> UUng cootervatico of momentum and kinetic energy; we know that the momentum of the neutron and pion 

mutt have the tame magnitude. p, = p.. 

A\ = E. = •](".‘‘)‘+(P.c)' ~m.c‘ = j(m.c‘)‘+(p.c) , -m.c i 

K. = jWV + + 2nv‘K. - «.<•' = £,*£.=£,* *K‘ + Imj'K, -m,c‘ = E 

+ K 1 + 2 > n . c ‘ K , = E J + (m.c 1 ) 1 + K‘ + 2&H.C 1 - 2££, - 2m,c ! £ > . CoOecling terms we find: 

£,(2m,f ! * 2£* 2m l c J ) = £' ♦ 2£m,c J 

£ _ (41.4MeV) 1 + 2(41.4McVX9396MeV) 

* ~ 2(135.0MeV) + 2(414 MeV)*2(939.6 MeV) 

So the fractional energy earned by the pion it - ' '’" - = 0.86. and that of the neutron it 0.14. 



